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Primary Energy Consumption by Fuel 2018 - Mtoe

U.S. =91.2 Quads

2017 2018

Qil Natural Coal Nuclear  Hydro Renew- Total Qil Natural Coal Nuclear  Hydro Renew- Total |Percentof| Annual
Million tonnes oil equivalent Gas energy  electric ables Gas energy  electric ables 2018 Change
Canada 108.8 94.3 18.6 22.7 89.7 9.5 343.7| 110.0 99.5 14.4 22.6 87.6 10.3 344.4 2.5% 0.2%)
Mexico 85.8 74.3 15.2 25 7.2 43 189.3] 82.8 77.0 11.9 3.1 7.3 4.8 186.9) 1.3%) -1.3%)
us 902.0 635.8 331.3 191.7 67.2 945 22225 919.7 702.6 317.0 192.2 65.3 103.8  2300.6 16.6% 3.5%
Total North America 1096.6 804.4 365.1 216.9 164.1 108.4  2755.5( 11125 879.1 343.3 217.9 160.3 118.8  2832.0 20.4% 2.8%
Brazil 136.1 32.4 16.6 3.6 83.9 21.4 293.9 135.9 30.9 15.9 35 87.7 23.6 297.6] 2.1% 1.3%)
Total S. & Cent. America 317.2 148.4 34.8 4.9 163.0 31.5 699.8 315.3 144.8 36.0 5.1 165.5 35.4 702.0 5.1% 0.3%
France 79.1 385 9.3 90.1 111 9.4 237.5 78.9 36.7 8.4 93.5 145 10.6 242.6) 1.7%)| 2.2%)
Germany 119.0 77.2 715 17.3 46 444 333.9 113.2 75.9 66.4 17.2 3.8 47.3 323.9 2.3% -3.0%
Italy 62.0 61.5 9.6 - 7.8 15.3 156.3] 60.8 59.5 8.9 - 10.4 14.9 154.5] 1.1%) -1.1%)
Poland 31.7 16.5 49.8 - 0.6 49 103.4] 32.8 17.0 50.5 - 0.4 44 105.2] 0.8% 1.7%)
Spain 65.0 27.3 13.4 13.1 42 15.7 138.8] 66.6 27.1 11.1 12.6 8.0 16.0 141.4 1.0%) 1.8%)
Turkey 49.2 443 39.5 - 13.2 6.6 152.7] 48.6 40.7 42.3 - 135 85 153.5] 1.1%) 0.5%
United Kingdom 78.0 67.8 9.1 15.9 1.3 21.1 193.2] 77.0 67.8 7.6 14.7 1.2 23.9 192.3] 1.4%) -0.5%)
Total Europe 746.2 481.9 315.5 211.8 132.3 162.3  2050.0 742.0 472.0 307.1 212.1 145.3 172.2  2050.7 14.8% 0.0%
Russian Federation 151.5 370.7 83.9 46.0 41.9 0.3 694.3 152.3 390.8 88.0 46.3 43.0 0.3 720.7] 5.2% 3.8%
Total CIS 191.1 472.3 126.4 46.6 54.3 0.5 891.2 193.5 499.4 134.9 46.7 55.4 0.6 930.5] 6.7% 4.4%
Iran 845 180.5 14 1.6 3.9 0.1 272.0 86.2 193.9 1.5 1.6 2.4 0.1 285.7] 2.1% 5.0%)
Saudi Arabia 168.8 93.9 0.1 - - A 262.8 162.6 96.4 0.1 - - " 259.2] 1.9%) -1.4%)
United Arab Emirates 43.8 64.0 1.0 - - 0.1 109.0] 451 65.8 11 - - 0.2 112.2] 0.8% 3.0%)
Total Middle East 412.5 453.2 8.2 1.6 47 1.3 881.4 412.1 475.6 7.9 1.6 34 1.7 902.3 6.5% 2.4%
South Africa 275 3.8 84.3 3.6 0.2 2.4 121.8] 26.3 3.7 86.0 25 0.2 2.8 121.5] 0.9% -0.2%)
Total Africa 192.1 121.0 97.6 3.6 28.2 6.1 448.6 191.3 129.0 101.4 25 30.1 7.2 461.5 3.3% 2.9%
Australia 51.1 355 45.1 - 3.1 5.8 140.5] 53.3 35.6 443 - 3.9 7.2 144.3 1.0%) 2.7%)
China 610.7 206.7  1890.4 56.1 263.6 1114 3139.0 641.2 2433  1906.7 66.6 272.1 1435 32735 23.6% 4.3%
India 227.1 46.2 415.9 85 30.7 21.7 750.1 239.1 49.9 452.2 8.8 31.6 275 809.2 5.8% 7.9%)
Indonesia 79.3 33.1 57.2 - 42 3.0 176.9| 83.4 335 61.6 - 3.7 33 185.5] 1.3%) 4.9%
Japan 187.8 100.6 119.9 6.6 17.9 22.4 455.2 182.4 99.5 117.5 111 18.3 25.4 454.1 3.3% -0.2%)
South Korea 130.0 42.8 86.2 33.6 0.6 4.0 297.1 128.9 48.1 88.2 30.2 0.7 5.0 301.0 2.2% 1.3%)
Taiwan 50.1 20.0 39.4 51 1.2 1.2 117.0] 50.0 20.3 39.3 6.3 1.0 15 118.4 0.9% 1.2%)
Thailand 64.4 431 18.3 - 11 3.4 130.2] 65.8 42.9 18.5 - 1.7 4.0 133.0] 1.0%) 2.1%)
Total Asia Pacific 1651.3 660.6  2770.8 111.7 373.2 180.2  5748.0 1695.4 709.6  2841.3 125.3 388.9 2254  5985.8 43.2% 4.1%

4607.0 3718.4 597.1 13474.6  4662.1 3772.1 611.3 948.8 100.0% 2.9%

% of Total 342%  23.3% 27.6% 4.4% 6.8% 3.6% 100.0%| 33.6%  23.9% 27.2% 4.4% 6.8% 4.0% 100.0%
Annual Change 1.2% 5.3% 1.4% 2.4% 3.1% 14.5% 2.9%

13,864.9 Mtoe = 549.8 Quads
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Source: BP Statistical Review of World Energy 2019




BP Stats 2018 = 91.2

U.S. 2018 Energy Flow — 101.2 Quads Renewables (no Hycio) = 8.8

i s. P : . M Lawrence Livermore
Estimated U.S. Energy Consumption in 2018: 101.2 Quads 4 National L aboratory
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Issues

- Climate Change
- Renewables
— System Integration
- Natural Gas
— Supply/Demand
— LNG
- Geopolitical
— China
— Russia
— Iran
- H2 Economy
— Impact on Gas Turbine Industry
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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

Amount
Remaining:

1000
GtCO2

Total Carbon
Budget:

2900
GtCO2

Amount Used
1870-2011:

1900
GtCO2

AR5 WGI SPM
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EIA WW Annual Energy Outlook 2017 Reference Case includes CPP

Carbon dioxide emissions (Mmt): Reference Case Growth
2010 2015 2016 2017 2020 2025 2030 2035 2040 2045 2050 (2015-2050)
OECD Americas 6622.5 6341.5 6237.4 6271.3 6341.1 6175.4 5966.9 59704 6074.2 6217.4 6384.6 0.00%
United States 5570.5 5247.6 5145.5 5171.3 5260.2 5057.0 4839.4 4815.6 4866.8 4556.8 5072.6| -0.10%
Canada 555.0 590.3 592.6 603.8 586.8 600.6 595.7 607.6 626.3 649.2 671.8 0.40%
Mexica/Chile 497.0 503.7 499.2 496.3 494.2 517.8 531.8 547.2 581.0 611.3 640.1 0.70%
OECD Europe 4159.8 3858.0 3530.0 3962.6 3522.6 3814.0 3798.1 3902.6 3988.2 4096.9 4260.6/ 0.30%
OECD Asia 2093.9 2233.6 2240.6 22284 2185.8 2209.0 2243.1 2284.3 2332.5 2389.0 2466.2 0.30%
Japan 1108.0 1154.1 1139.6 1132.8 1072.6 1058.4 1038.2 1014.2 987.1 961.3 944.5 -0.60%
South Korea 563.0 663.0 687.8 683.4 702.3 720.9 751.3 791.0 835.2 881.2 930.2 1.00%
Australia/New Zealand 4229 416.5 413.3 412.3 410.9 429.7 453.7 479.1 510.1 546.5 591.5 1.00%
Total OECD 12876.2 12433.1 12408.0 12462.4 12449.5 12198.4 12008.1 12157.4 12394.9 12703.2 13111.4 0.20%
Non-OECD Europe and Eurasia 2646.7 2691.8 2661.9 2665.1 2630.4 2582.8 2570.0 2616.9 2624.6 2599.8 2574.1]  -0.10%
Russia 1620.0 1675.8 1636.5 1632.9 1609.8 1583.3 1587.1 1615.8 1615.0 1582.3 1540.9 -0.20%
Other 1026.7 1016.0 1025.3 1032.3 1020.6 995.4 983.0 1001.1 1009.6 1017.5 1033.3 0.00%
Non-OECD Asia 11320.1 14293.8 14546.9 14819.4 15167.5 16050.0 16589.1 17384.2 18285.7 19226.4 20056.6 1.00%
China 7746.0 9923.6 10009.5 10157.3 10205.1 10464.0 10421.8 10298.1 10161.1 10017.6 9792.9 0.00%
India 1612.0 2001.8 2108.3 2160.7 2305.3 2552.1 2883.6 3388.8 3959.2 4544.9 5043.1 2.70%
Other 1962.1 2368.4 2429.1 2501.3 2657.1 3033.8 3283.6 3697.3 4165.4 4663.9 5220.6 2.30%
Middle East 17304 15559.1 1966.1 2020.3 2085.0 2192.3 2315.6 24595.1 2691.8 2923.3 31174 1.30%
Africa 1067.3 1251.4 1274.6 1319.7 1370.4 1444.2 1505.5 1591.5 1739.8 1905.7 2100.1 1.50%
MNon-OECD Americas 1193.7 1272.4 1237.9 1232.3 1269.6 1354.9 1409.5 1472.8 1580.8 1693.7 1811.7 1.00%
Brazil 457.0 482.3 459.8 452.1 470.0 513.7 540.2 561.1 595.8 633.2 668.4 0.90%
Other 736.7 790.2 778.1 780.2 799.7 B841.2 B869.3 911.7 985.0 1060.5 1143.3 1.10%
Total Non-OECD 17958.2 21468.6 21687.3 22056.8 22522.9 23624.1 24389.7 25560.6 2609227 28349.0 29660.0 0.90%
Total World 30834.4 33901.8 34095.3 34519.2 34972.4 35822.5 36397.8 37717.9 39317.6 41052.2 42771.4 0.70%

1
1
Source: U.5. Energy Information Administration i

1
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=10-IE02017&regich=0-08&cases=Referen
I Wed Sep 20 2017 12:46:07 GMT-0400 {Eastern Daylight Time) \ 4
®

ase 34519.2 MMt = 34.5 Gt

2018 = 37.1Gt

0&end=2050&f=A&linechart=Reference-d082317.2-10-1E02017&s0urcekey=0
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EIA Annual Energy Outlook 2018

The world 1s
on the 4°C

The Carbon Capture
Conundrum

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

Values from EIA WW
Annual Energy
Outlook 2017
(previous slide)

37.1Gtin2018 _______ 2000 b
4°C trajectory 3T gigatons Emission rqductichs
emitted that could dome frbm

efficiency 5Iains agd

increased upe of ldw-
carbonlfuels |
1

1
1
- 1 2030
1 IEA's
1990 I ccs target:
22 gigatons : 1.9 gigatons
emitted 1
1
1
1
1

Global CO, emissions and three
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Current trajectory

58 gigatons

K This projection assumes

that essentially no
acyjon is taken to

addMess climate change.
Modelspredict a long-
term gloBwl temperature
rise of 6 *C4p such a

scenano. \
; \
\

\
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 geal in climate
change negotiations,

trajectory!!!

Scenarios and CCS
targets for the three

highest-emitting
countries (in gigatons)

China

180

120

\ 90 50

\

The U.S. is on the

6°C trajectory
X
\
\\
\
EIA 2017 International AN
Energy Outlook \
U.S.w/CPP 5.072 Gt N

U.S. w/o CPP5.554 Gt | EIA 2018 International

Energy Outlook

U.S.w/CPP 5.013 Gt
U.S. w/o CPP 5.279 Gt
High Growth 5.815 Gt

base,

“Practical Strategies for Emerging Energy Technologies”



U.S. EIA Annual Energy Outlook 2018

10 Cases
Sorted High-Low, 2050

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% |- ~6°C Trajectory
Low oil and gas resource and technology 5174 5300 5114 4984 4954 4968 5030 5103 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 4742 -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 - Clean Power Plan Effect is tiny
|Energy-ReIated Carbon Dioxide Emissions Intensity by Sector and Source (MMmtCO2/capita) |
Reference case 16.0 15.5 14.7 14.1 13.6 13.4 13.3 133 -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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U.S. Energy-Related CO, Emissions by Sector & Source

Sector and Source 2015 2020 2025 2030 2035 2040  2015-2040
Residential
Petroleum 64 59 53 49 45 41 -1.7%
Natural Gas 253 258 256 255 253 251 0.0%
Electricity 1/ 711 664 586 538 531 529 -1.2%
Total Residential 1,028 981 895 841 829 821 -0.9%
Commercial
Petroleum 47 50 49 49 48 47 0.0%
Natural Gas 176 183 184 188 194 202 0.5%
Coal 6 5 5 5 5 5 -0.4%
Electricity 1/ 690 654 599 566 569 572 -0.7%
Total Commercial 918 893 836 807 817 826 -0.4%
Industrial 2/
Petroleum 378 410 431 434 443 458 0.8%
Natural Gas 3/ 478 524 560 579 609 636 1.2%
Coal 130 120 128 131 130 131 0.0%
Electricity 1/ 486 504 481 443 436 434 -0.5%
Total Industrial 1,472 1,558 1,600 1,587 1,618 1,660 0.5%

Sector and Source 2015 2020 2025 2030 2035 2040 2015-2040
Transportation
Petroleum 4/ 1,800 1,802 1,720 1,652 1,629 1,628 -0.4%
Natural Gas 5/ 51 49 55 62 74 93 2.4%
Electricity 1/ 5 6 10 12 15 16 5.1%
Total Transportation 1,855 1,857 1,784 1,726 1,717 1,737 -0.3%
Electric Power 6/
Petroleum 20 11 10 8 7 6 -4.4%
Natural Gas 524 451 509 602 608 653 0.9%
Coal 1,340 1,360 1,150 943 930 885 -1.6%
Other 7/ 6 6 6 6 6 6 0.0%
Total Electric Power 1,891 1,829 1,675 1,559 1,551 1,551 -0.8%
Total by Fuel
Petroleum 4/ 2,309 2,332 2,262 2,191 2,171 2,181 -0.2%
Natural Gas 1,482 1,466 1,563 1,685 1,737 1,835 0.9%
Coal 1,476 1,485 1,283 1,079 1,065 1,021 -1.5%
Other 7/ 6 6 6 6 6 6 0.0%
Total 5,273 5,289 5,115 4,961 4,980 5,044 -0.2%
Carbon Dioxide Emissions
(tons carbon dioxide per person) 16.4 15.8 14.7 13.8 13.4 13.3 -0.8%

CO2 emissions flat thru 2040

New metric introduced tonnes(?) per person

https://www.eia.gov/environment/emissions/car

bon/pdf/2018 co2analysis.pdf
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https://www.eia.gov/environment/emissions/carbon/pdf/2018_co2analysis.pdf

Renewables Levelized Cost 2010 & 2014

Onshore wind Solar PV Offshore wind Concentrating solar
power
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Source: IRENA Renewable Cost Database and Auctions Database.
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Planned Wind & Solar Project 2018-2025

US Wind and Solar Planned Projects 2018-2025
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Offshore Wind (OSW) & Storage

Currently, OSW's midpoint unsubsidized levelized cost of energy (LCOE) is $92/MWh and its capital cost is
$3,025/kW, according to the 2018 Lazard report. By comparison, natural gas ranges $41/MWh to $74/MWh.

Advances in Europe and China have brought prices to as low as $61.56/MWh and $51.48/MWh in 2018, according
to the Global Wind Energy Council (GWEC) April 2019 market report.

With scale, U.S. prices can match those in Europe, National Renewable Energy Laboratory (NREL) Research
Scientist, Walt Musial told Utility Dive last year.

That is why states like New York, New Jersey and Massachusetts have set targets for both storage and offshore wind,
and Maryland requires a portion of its renewable portfolio standard come from offshore wind and has a 30%
investment tax credit for storage.

Connecticut has a 2 GW offshore wind mandate and Maine and Delaware currently have policy in place encouraging
offshore wind buildout as well.

Consolidated Edison (ConEd) has a competitive solicitation out for 300 MW of storage by December 2022.

Currently, only one 30 MW U.S. project is operational, but eight projects representing 1,958 MW are in
development, a June 2019 industry white paper reported.

The unsubsidized levelized cost of a utility-scale solar plus storage project with 4-hour lithium ion batteries is
$108/MWh to $140/MWh, and its capital cost is $1,559/kW to $2,162/kW, Lazard reported in November 2018.

More important are Lazard's forecasted drops in storage costs, Huber said. By 2022, the cost of lithium ion storage is
expected to drop 28% and longer-duration flow battery chemistries are forecasted to fall 38% to 45%.
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https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf
https://gwec.net/global-wind-report-2018/
https://www.energy.ca.gov/renewables/offshore_energy/documents/2017-03-03_workshop/2017-03-03_presentations.php
https://www.nyserda.ny.gov/All-Programs/Programs/Offshore-Wind/Offshore-Wind-in-New-York-State-Overview
http://programs.dsireusa.org/system/program/detail/564
https://www.masscec.com/offshore-wind
http://programs.dsireusa.org/system/program/detail/1085
https://www.enr.com/articles/47062-connecticut-mandates-state-to-buy-2gw-of-offshore-wind-energy-by-2030
http://programs.dsireusa.org/system/program/detail/452
https://dnrec.alpha.delaware.gov/climate-coastal-energy/renewable/offshore-wind-working-group/
https://www.offshorewindus.org/wp-content/uploads/2019/06/L100WhitePaperJun.3.2019.pdf
https://www.lazard.com/media/450774/lazards-levelized-cost-of-storage-version-40-vfinal.pdf

Lazar’s LCOE
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Levelized Cost of Energy Comparison

Certain Alternative Energy generation technologies are becoming increasingly cost-competitive with conventional generation
technologies under some scenarios, before factoring in environmental and other externalities (e.g., RECs, potential carbon

emission costs, transmission and back-up generation/system reliability costs) as well as construction and fuel costs dynamics

affecting conventional generation technologies
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Wind System Integration Cost — “Eye-Balled”

— Original slide (lower right) needed to be adjusted for lower wind generation costs

\

— | “eye-balled” this chart to adjust \
— At a 30% Renewable Portfolio Standard value\ ‘\‘
— Generation is €20/MWh \‘ \
— Integration is €55/MWh \ \
_ i ~ \ .
Total is E75/MWh (~585MWh) \ Who Pays for Renewables Integration????
— The original study should be updated \ v
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BNEF LNG Supply/Demand Analysis

* Recent years have seen rapid growth in the global market for LNG, with volumes of exports and imports up 10%
in 2018 alone.

» Growth rates of LNG exports and imports are seen moving out of sync in 2019-2023, with exports increasing
faster than imports in 2019 and then imports outstripping exports in 2022-2023.

 BNEF’s Global LNG Outlook 2019-2023 sees LNG supply jumping by 33 million metric tons per year in 2019,
reaching a record 358MMtpa, with the U.S. Gulf Coast, Australia and Russia commissioning or expanding export
facilities. Meanwhile, “structural’ LNG demand, or weather-neutral demand at current LNG prices, is expected to
rise by 17MMrtpa this year, thanks to additional purchases for power generation and heating in Europe and Asia.

» A further seven multibillion-dollar LNG export projects, including three in Louisiana in the U.S. and two in
Mozambique, are close to a final investment decision and are likely to put extra supply into world markets post-
2023.

» John Twomey, head of European gas analysis at BNEF, said: “Europe will become increasingly import-dependent
for its gas over the next few years. The LNG market is forecast to tighten by 2023, and European prices will need
to be high enough to compete with those of fast-growing markets in Asia and to attract LNG imports.”

* On the supply side, 2018 saw the start of production at three LNG ‘trains’, or liquefaction and export facilities, in
Australia, at two more in Russia and three in the U.S. The world’s largest LNG producer, Qatar, increased
production only marginally.

* One important symbolic change for LNG is the gradual shift away from using crude oil as the price benchmark for
contracts, to using a gas index
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LNG Supply/Demand

Global LNG demand and supply capacity balance
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Australia to become World’s Largest LNG exporter

Liquefied natural gas exports from selected countries (Jan 2013-May 2019) :
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1/3 of Europe’s Gas Comes From Russia

— H2 is already blended in a small

’ a l’
proportion into Europe’s gas pipeline Who's Dependent on Russian Gas?

network. About a third of Europe’s gas comes from Russia
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Russian LNG Projects

Russian LNG Projects

Year-round Summer
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Jensen 2004 Break-even Points

Figure 1 Break-even points. Source of data: [6]6. Jensen, J. 2004. The Development of a Global LNG Market. Is it Likely? If So, When?,
Oxford: Oxford Institute for Energy Studies. View all references.
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LNG Value Chain
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U.S. LNG Exporters’ Costs & Asian Spot Prices

bp

U.S. continues to produce & sell at is operating cost, in Asia!!!

$/mmBtu
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Strait of Hormuz
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Ups & Downs of US-lran Sanctions
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Ups and downs of US-Iran relations
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Tariffs

Latest US tariff threat would hurt US oil, gas output: API June 2019

US depends on China for key drilling fluid component

API says US energy security at stake in trade dispute

US Q1 crude flows to China shrink to 6,991 b/d

Washington — The latest US tariffs threatened against Chinese imports would hamper US energy
exports, hurt domestic energy security, and push China to import more oil and gas from countries like
Iran and Russia, the American Petroleum Institute argued Tuesday during US Trade Representative
hearings.

US President Donald Trump has threatened to impose 25% tariffs on $300 billion worth of Chinese
goods that have not been targeted so far, leaving room for an escalation of the trade dispute on both sides.

"China's expected retaliation against US crude oil, refined products, and LNG would disadvantage US
exports and could cascade into US domestic production,"” Aaron Padilla, API's senior adviser for
international policy, told the USTR in written comments.

"US market share in China for LNG and other petroleum products may be difficult to restore with China
turning to alternative suppliers," he added.

For LNG flows, the US/China dispute initially affected spot US LNG cargoes, but has recently started to
have a more severe impact on long-term investments in US liquefaction and export projects.
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The Gas Turbine Advantage

Filling The Renewable Gap

* The Gas Turbine Advantage

* Flexible fast load coverage
» Cleanest of the fossil fuels
« Ability to run on wide range of fuels,
including green fuels such as hydrogen

» Large installed base in Europe, and many mothballed facilities
are awakening!

* Excess renewable energy can be harvested, stored and released
H = ‘9' RECHARGE

in gas turbines

+ Ability to follow the transition to renewable World at a pace which
is flexible and dependent on local & regional market drivers

Gas Turbines Can Meet the Flexibility Need ... and Start Going Greener
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Crude Oil Consumption 2018 — 98.8 MMb/d

Growth rate per annum  Share

Thousand barrels daily 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
Canada 2323 2209 2358 2436 2376 2398 2442 2401 2448 2448 2447 . 0.4% 2.5%
Mexico 2080 2021 2040 2065 2083 2034 1960 1939 1950 1883 1812 -3.8% -1.0% 1.8%
us 19490 18771 19180 18882 18490 18961 19106 19531 19687 19958 20456 2.5% -0.4% 20.5%
Total North America 23894 23001 23578 23383 22949 23393 23507 23871 24086 24289 24714 1.8% -0.3% 24.8%
Brazil 2481 2498 2714 2832 2884 3100 3210 3140 2960 3052 3081 0.9% 2.8% 3.1%
Total S. & Cent. America 6041 6016 6335 6579 6715 6964 7034 7001 6792 6798 6795 . 1.7% 6.8%
France 1889 1822 1763 1725 1673 1661 1613 1612 1597 1608 1607 -0.1% -1.7% 1.6%
Germany 2502 2409 2441 2365 2352 2404 2344 2336 2374 2443 2321 -5.0% 0.3% 2.3%
Italy 1661 1563 1532 1475 1384 1274 1204 1257 1266 1279 1253 -2.0% -3.0% 1.3%
Spain 1559 1474 1447 1383 1300 1203 1199 1243 1288 1301 1335 2.7% -2.1% 1.3%
United Kingdom 1738 1669 1652 1600 1546 1532 1536 1578 1623 1637 1618 -1.2% -0.7% 1.6%
Total Europe 16558 15876 15752 15321 14826 14631 14389 14713 15032 15351 15276 -0.5% -0.8% 15.3%
Russian Federation 2861 2775 2878 3074 3119 3134 3298 3146 3217 3207 3228 0.7% 1.4% 3.2%
Total CIS 3602 3486 3567 3838 3935 3914 4099 3955 4034 4033 4099 1.6% 1.3% 4.1%
Iran 1925 1919 1788 1851 1882 2064 1959 1804 1749 1843 1879 2.0% . 1.9%
Saudi Arabia 2622 2914 3206 3295 3460 3451 3764 3886 3875 3838 3724 -3.0% 4.8% 3.7%
Total Middle East 7386 7727 7974 8301 8631 8910 9053 9099 9172 9138 9136 . 2.7% 9.2%
Total Africa 3198 3322 3481 3398 3574 3705 3770 3857 3878 3962 3959 -0.1% 2.7% 4.0%
Australia 944 950 954 1001 1025 1034 1047 1005 1038 1055 1094 3.7% 1.2% 1.1%
China 7914 8295 9446 9808 10242 10750 11239 11986 12304 12840 13525 5.3% 51% 13.5%
India 3137 3300 3381 3550 3747 3789 3914 4245 4654 4870 5156 5.9% 5.0% 5.2%
Indonesia 1288 1321 1415 1590 1646 1677 1708 1571 1628 1696 1785 5.2% 2.5% 1.8%
Japan 4847 4390 4442 4442 4702 4516 4303 4151 4019 3975 3854 -3.1% -2.3% 3.9%
Singapore 973 1049 1157 1208 1202 1225 1268 1338 1385 1419 1449 2.1% 4.4% 1.5%
South Korea 2312 2345 2378 2401 2466 2464 2463 2587 2781 2811 2793 -0.6% 1.6% 2.8%
Taiwan 1010 1022 1043 950 950 981 1013 1021 1046 1069 1075 0.5% -0.4% 1.1%
Thailand 1016 1075 1121 1184 1250 1299 1309 1360 1396 1444 1478 2.3% 3.4% 1.5%
Total Asia Pacific 25940 26351 28043 28942 30094 30759 31343 32551 33743 34835 35863 3.0% 2.9% 35.9%

86619 85780 88730 89763 90724 92276 93194 95048 1.2%
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Crude OIil Production 2018 — 94.7 MMbbl/d

Oil: Production*

+2,176 MMb/d

Grow th rate per annum Share
Thousand barrels daily 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
Canada 3207 3202 3332 3515 3740 4000 4271 4388 4451 4798 5208 8.5% 3.8% 5.5%
Mexico 3165 2978 2959 2940 2911 2875 2784 2587 2456 2224 2068 -7.0% -4.4% 2.2%
us 6783 7259 7552 7870 8910 10073 11773 12773 12340 |13135 15311, 16.6% 6.7% 16.2%
Total North America 13156 13440 13843 14326 15561 16948 18828 19748 19247 20157 22587 12.1% 4.0%  23.8%
Brazil 1887 2019 2125 2173 2132 2096 2341 2525 2591 2721 2683 -1.4% 4.1% 2.8%
Colombia 588 671 786 915 944 1010 990 1006 886 854 866 1.4% 4.9% 0.9%
Venezuela 3228 3038 2842 2755 2704 2680 2692 2631 2347 2096 1514 -27.8% -4.3% 1.6%
Total S. & Cent. America 7426 7387 7407 7450 7362 7397 7663 7759 7355 7160 6537 -8.7% -0.2% 6.9%
Norw ay 2458 2342 2132 2033 1911 1832 1881 1940 1991 1963 1844 -6.0% -2.6% 1.9%
United Kingdom 1549 1469 1356 1112 946 864 852 963 1013 999 1085 8.6% -4.9% 1.1%
Total Europe 4876 4621 4274 3903 3592 3419 3443 3587 3616 3565 3523 -1.2% -3.6% 3.7%
Azerbaijan 916 1027 1037 932 882 888 861 851 838 792 795 0.4% -1.0% 0.8%
Kazakhstan 1485 1609 1676 1684 1664 1737 1710 1695 1655 1838 1927 4.8% 2.7% 2.0%
Russian Federation 9965 10152 10379 10533 10656 10807 10860 11007 11269 11255 11438 1.6% 1.1% 12.1%
Total CIS 12712 13125 13415 13485 13539 13784 13784 13909 14099 14215 14483 1.9% 1.1%  15.3%
Iran 4415 4285 4421 4452 3810 3609 3714 3853 4586 5024 4715 -6.1% 1.4% 5.0%
Iraq 2428 2446 2469 2773 3079 3103 3239 3986 4423 4533 4614 1.8% 7.8% 4.9%
Kuw ait 2781 2495 2556 2909 3164 3125 3097 3061 3141 3001 3049 1.6% 1.2% 3.2%
Oman 757 813 865 885 918 942 943 981 1004 971 978 0.8% 3.2% 1.0%
Qatar 1432 1415 1630 1824 1928 1991 1975 1933 1938 1874 1879 0.3% 4.0% 2.0%
Saudi Arabia 10665 9709 9865 11079 11622 11393 11519 11998 12406 11892 12287 3.3% 15%  13.0%
United Arab Emirates 3113 2795 2937 3303 3440 3577 3603 3898 4038 3910 3942 0.8% 2.4% 4.2%
Total Middle East 26506 24859 25626 28001 28493 28205 28490 30012 31818 31497 31762 0.8% 22%  33.5%
Algeria 1951 1775 1689 1642 1537 1485 1589 1558 1577 1540 1510 -2.0% -2.5% 1.6%
Angola 1876 1754 1812 1670 1734 1738 1701 1796 1745 1676 1534 -8.5% 0.1% 1.6%
Egypt 715 730 725 714 715 710 714 726 691 660 670 1.4% -0.6% 0.7%
Libya 1875 1739 1799 516 1539 1048 518 437 412 929 1010 8.7% -6.9% 1.1%
Nigeria 2172 2211 2533 2461 2412 2279 2276 2201 1900 1991 2051 3.0% -1.0% 2.2%
Total Africa 10299 9923 10227 8520 9270 8607 8216 8133 7643 8133 8193 0.7% -2.3% 8.6%
China 3814 3805 4077 4074 4155 4216 4246 4309 3999 3846 3798 -1.3% 0.3% 4.0%
India 818 838 901 937 926 926 905 893 874 884 869 -1.7% 1.2% 0.9%
Indonesia 1006 994 1003 952 917 883 847 838 876 838 808 -3.5% -1.5% 0.9%
Malaysia 727 688 733 659 663 627 649 696 704 683 682 -0.1% -0.6% 0.7%
Total Asia Pacific 8095 8055 8463 8324 8411 8287 8313 8399 8044 7774 7633 -1.8% -0.2% 8.1%
Total World 83069 83255 84009 86228 86647 88736 91547 92502 1.2%
OPEC 37290 34999 35894 36724 38292 37293 37228 38601 39736 39673 39338 -0.8% 09%  41.5%
45779 46412 47361 47285 47936 49354 51508 52946 52086 52828 55380 4.8%, 1.3% 585%
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Natural Gas Demand 2018 (+5.3%) — 3848.9 BCM

Grow th rate per annum Share
Billion cubic metres 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
Canada 89.3 86.6 88.3 97.5 97.2 104.3 109.6 109.8 105.9 109.7 115.7 5.5% 1.9% 3.0%
Mexico 60.0 65.2 66.0 70.8 73.7 77.8 78.8 80.8 83.0 86.4 89.5 3.6% 4.2% 2.3%
us 628.9 617.6 648.2 658.2 688.1 707.0 722.3 743.6 749.1 739.4 817.1 I 10.5% 1.7% 21.2%
Total North America 778.2 769.4 802.5 826.6 859.0 889.1 910.7 934.1 938.0 935.5 10223 9.3% 1.9% 26.6%
Argentina 43.2 41.8 421 43.8 45.7 46.0 46.2 46.7 48.2 48.3 48.7 0.8% 1.2% 1.3%
Total S. & Cent. America 138.1 132.9 143.7 148.7 157.7 163.5 168.5 174.7 171.6 172.6 168.4 -2.5% 2.3% 4.4%
France 46.4 447 49.6 43.0 44.4 451 37.9 40.8 445 448 42.7 -4.6% 3 1.1%
Germany 89.5 84.4 88.1 80.9 81.1 85.0 73.9 77.0 84.9 89.7 88.3 -1.6% 0.1% 2.3%
ltaly 80.9 74.3 79.1 74.2 71.4 66.7 59.0 64.3 67.5 71.6 69.2 -3.3% -1.3% 1.8%
Turkey 35.3 33.7 35.8 41.8 433 440 46.6 46.0 445 51.6 47.3 -8.3% 4.3% 1.2%
United Kingdom 97.8 91.2 98.5 81.9 76.9 76.3 70.1 72.0 81.2 78.8 78.9 0.1% -1.9% 2.0%
Total Europe 625.6 577.1 622.6 580.1 565.4 554.4 500.0 508.8 537.6 560.4 549.0 -2.1% -1.0% 14.3%
Russian Federation 422.7 397.8 423.9 435.6 428.6 424.9 4222 408.7 420.6 431.1 454.5 5.4% 0.1% 11.8%
Uzbekistan 441 441 44.0 474 46.2 46.2 48.5 46.3 433 431 42.6 -1.2% -0.8% 1.1%
Total CIS 521.3 499.9 531.3 549.5 545.2 537.3 539.9 530.0 537.7 549.3 580.8 5.7% 0.3% 15.1%
Iran 125.8 134.8 144.4 153.2 152.5 153.8 173.4 184.0 196.3 209.9 2256 7.4% 5.9% 5.9%
Qatar 20.7 21.3 254 28.7 33.6 35.6 38.6 425 40.4 431 41.9 -2.8% 8.4% 1.1%
Saudi Arabia 76.4 745 83.3 87.6 94.4 95.0 97.3 99.2 105.3 109.3 112.1 2.6% 4.4% 2.9%
United Arab Emirates 58.0 57.6 59.3 61.6 63.9 64.7 63.4 715 72.7 74.4 76.6 2.9% 4.5% 2.0%
Total Middle East 337.1 347.3 380.1 398.1 410.8 423.3 4475 478.3 500.9 527.0 553.1 4.9% 5.6% 14.4%
Algeria 24.4 26.2 253 26.8 29.9 321 36.1 37.9 38.6 38.9 42.7 9.9% 5.2% 1.1%
Egypt 39.3 40.9 434 47.8 50.6 495 46.2 46.0 49.4 55.9 59.6 6.5% 4.2% 1.5%
Total Africa 94.8 95.6 98.9 107.2 115.1 116.6 119.9 128.1 135.0 140.8 150.0 6.6% 4.5% 3.9%
Australia 285 29.1 33.8 35.3 354 37.2 40.1 421 41.7 41.2 41.4 0.4% 3.6% 1.1%
China 81.9 90.2 108.9 135.2 150.9 171.9 188.4 194.7 209.4 2404 283.0 17.7% 13.0% 7.40/4_
India 40.0 49.1 59.0 60.3 55.7 49.0 48.5 47.8 50.8 53.7 58.1 8.1% 3.3% 1.5%
Indonesia 39.7 421 44.0 427 42.9 414 415 41.0 39.1 38.5 39.0 1.1% 1.1% 1.0%
Japan 99.1 92.5 99.9 112.0 123.2 1235 124.8 118.7 116.4 117.0 115.7 -1.1% 2.1% 3.0%
Malaysia 43.5 40.0 38.0 38.3 42.0 44.6 44.7 43.9 42.4 41.8 41.3 -1.2% 0.3% 1.1%
Pakistan 34.6 34.7 35.3 35.3 36.6 35.6 35.0 36.5 38.7 40.7 43.6 7.0% 1.9% 1.1%
South Korea 37.3 355 45.0 48.4 52.5 55.0 50.0 45.6 47.6 49.8 55.9 12.4% 3.2% 1.5%
Thailand 36.9 38.1 43.2 443 48.6 48.9 49.9 51.0 50.6 50.1 49.9 -0.3% 3.6% 1.3%
Total Asia Pacific 503.7 515.6 577.6 623.1 664.3 685.5 706.2 712.5 729.3 768.3 825.3 7.4% 5.0% 21.4%

2.2%  100.0%

2998.8 2937.8 3156.7 3233.3 33175 3369.8 3392.6 3466.5 3550.2 3654.0
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Natural Gas Production 2018 (+5.2%) — 3867.9BCM

Grow th rate per annum Share
Billion cubic metres 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
Canada 166.5 155.1 149.6 151.1 150.3 151.9 159.0 160.8 171.8 177.6 184.7 4.0% 0.2% 4.8%
Mexico 47.2 52.6 51.2 52.1 50.9 52.5 51.3 47.9 43.7 38.3 37.4 -2.4% -2.0% 1.0%
us 546.1 557.6 575.2 617.4 649.1 655.7 704.7 740.3 727.4 745.8 831.8 [ 11.5% 3.6% 21.5%
Total North America 759.8 765.2 775.9 820.5 850.3 860.1 915.0 949.0 942.8 961.6  1053.9 9.6% 2.6% 27.2%
Argentina 42.8 40.3 39.0 37.7 36.7 34.6 345 35.5 37.3 37.1 39.4 6.1% -1.6% 1.0%
Trinidad & Tobago 374 38.6 40.3 38.7 385 38.7 38.1 36.0 31.3 31.9 34.0 6.6% -1.7% 0.9%
Venezuela 334 31.8 30.5 30.2 31.9 30.6 31.8 36.1 37.2 38.6 33.2 -13.9% 0.4% 0.9%
Total S. & Cent. America 157.9 152.3 160.4 164.1 170.6 173.8 176.0 178.0 176.7 180.3 176.7 -2.0% 1.4% 4.6%
Norw ay 99.4 103.6 106.4 100.5 113.9 107.9 108.0 116.2 115.9 123.2 120.6 -2.1% 3.2% 3.1%
United Kingdom 72.8 61.2 57.9 46.1 39.2 37.0 374 40.7 41.7 41.9 40.6 -3.1% -5.7% 1.0%
Total Europe 321.0 304.1 310.7 285.5 288.1 280.6 267.5 261.7 260.5 263.2 250.7 -4.8% -1.5% 6.5%
Russian Federation 611.5 536.2 598.4 616.8 601.9 614.5 591.2 584.4 589.3 635.6 669.5 5.3% 0.6% 17.3%
Turkmenistan 61.6 33.3 40.1 56.3 59.0 59.0 63.5 65.9 63.2 58.7 61.5 4.8% -0.5% 1.6%
Uzbekistan 61.0 58.4 57.1 56.6 56.5 55.9 56.3 53.6 53.1 53.4 56.6 6.1% -1.0% 1.5%
Total CIS 768.6 663.2 732.7 766.2 754.3 768.5 751.4 745.0 747.2 789.1 831.1 5.3% 0.5% 21.5%
Iran 123.6 135.7 143.9 151.0 156.9 157.5 175.5 183.5 199.3 220.2 239.5 8.8% 6.4% 6.2%
Qatar 79.7 92.4 123.1 150.4 162.5 168.2 169.6 175.0 173.8 172.4 175.5 1.8% 10.2% 4.5%
Saudi Arabia 76.4 74.5 83.3 87.6 94.4 95.0 97.3 99.2 105.3 109.3 112.1 2.6% 4.4% 2.9%
United Arab Emirates 49.0 47.6 50.0 51.0 52.9 53.2 52.9 58.7 60.3 62.0 64.7 4.4% 2.4% 1.7%
Total Middle East 392.3 413.8 474.7 520.0 545.5 562.9 582.7 600.3 624.1 650.4 687.3 5.7% 6.0% 17.8%
Algeria 82.6 76.6 77.4 79.6 78.4 79.3 80.2 814 91.4 93.0 92.3 -0.7% 1.3% 2.4%
Egypt 56.8 60.3 59.0 59.1 58.6 54.0 47.0 42.6 40.3 48.8 58.6 20.0% -0.9% 1.5%
Nigeria 32.8 23.2 30.9 36.4 39.2 33.1 40.0 48.0 46.2 48.1 49.2 2.4% 3.6% 1.3%
Total Africa 203.8 192.1 202.3 201.7 206.8 198.3 198.6 203.6 208.8 225.7 236.6 4.8% 1.4% 6.1%
Australia 41.7 46.7 54.0 55.7 59.5 61.8 66.6 76.0 96.4 112.8 130.1 15.3% 10.2% 3.4%
China 80.9 85.9 96.5 106.2 1115 121.8 131.2 135.7 137.9 149.2 161.5 8.3% 7.9% 4.2%
Indonesia 74.8 78.0 87.0 82.7 78.3 77.6 76.4 76.2 75.1 72.9 73.2 0.4% * 1.9%
Malaysia 69.2 66.9 65.8 67.0 69.3 72.9 72.0 73.9 72.4 74.5 72.5 -2.6% 1.0% 1.9%
Thailand 29.8 32.0 37.5 38.3 42.9 433 43.6 41.2 404 38.7 37.7 -2.6% 3.7% 1.0%
Total Asia Pacific 426.3 447.9 494.3 499.1 508.4 518.9 539.8 564.1 581.6 607.5 631.7 4.0% 4.1% 16.3%

2938.6 3151.0 3257.0 3323.8 3363.1 3431.1 35017 35417 3677.7 2.3%

Total World 3029.8
a .
2 e

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



Pipeline trade grew 3.7%

LNG Imports 2018 — 431BCM Consumption rew 5.9%

Grow th rate per annum Share

Billion cubic metres 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018  2007-17 2018
Mexico 3.8 3.7 6.1 3.8 4.9 7.8 9.3 6.8 5.6 6.6 6.9 4.2% 11.3% 1.6%
Total North America 13.5 17.3 20.2 16.8 11.4 11.4 115 10.0 8.3 9.2 9.6 5.0% -9.1% 2.2%
Total S. & Cent. America 1.8 3.5 9.2 9.9 14.6 18.1 19.6 18.9 15.2 13.5 14.5 7.6% 27.9% 3.4%
France 12.8 13.3 14.7 14.4 9.8 8.3 6.9 6.4 9.1 10.9 13.1 20.8% -1.9% 3.1%
ltaly 1.6 3.0 9.3 9.1 7.1 5.8 4.5 59 59 8.2 8.0 -1.8% 12.4% 1.9%
Spain 29.8 275 28.2 23.9 21.4 15.7 16.2 13.7 13.8 16.6 15.0 -9.2% -4.1% 3.5%
Turkey 5.6 6.0 7.8 5.9 7.6 5.9 7.1 75 7.6 10.9 11.5 6.1% 6.8% 2.7%
United Kingdom 0.8 10.1 18.8 24.7 139 9.2 11.2 13.7 10.8 7.2 7.3 1.5% 18.3% 1.7%
Other EU 3.7 3.7 3.9 4.9 4.4 3.7 3.3 5.2 6.9 10.2 12.8 25.3% 10.8% 3.0%
Total Europe 57.4 70.5 89.1 89.2 68.2 51.8 52.1 56.0 56.5 65.3 715 9.6% 1.8% 16.6%
Kuw ait - 0.9 2.8 3.0 2.8 2.3 3.6 4.3 4.7 4.8 4.3 -10.0% n/a 1.0%
Total Middle East & Africa - 0.9 3.0 4.4 4.2 4.3 5.3 13.7 24.5 21.4 12.5 -41.3% n/a 2.9%
China 4.6 8.0 13.0 16.9 20.1 251 27.3 27.0 36.8 52.9 735 38.8% 29.3%
India 11.3 13.0 11.5 17.4 18.4 18.0 19.1 20.0 24.3 26.1 30.6 17.0% 9.6% 7.1%
Japan 95.4 88.9 96.4 108.6 119.8 120.4 121.8 115.9 113.6 113.9 113.0 -0.9% 2.2%
Pakistan - - - - - - - 15 4.0 6.1 9.4 54.2% n/a 2.2%
Singapore - - - - - 13 2.6 3.0 3.2 4.1 4.5 8.6% n/a 1.0%
South Korea 38.3 35.3 45.0 47.7 49.7 55.3 51.8 45.8 46.3 51.4 60.2 17.1% 3.6%
Taiw an 12.6 12.4 15.0 16.3 17.1 17.2 18.6 19.6 20.4 22.7 22.8 0.5% 7.1% 5.3%
Thailand - - - 1.1 14 2.0 1.9 3.6 3.9 5.2 6.2 19.1% n/a 1.4%
Total Asia Pacific 162.2 157.5 180.9 207.9 226.6 241.2 245.2 238.5 253.9 284.6 322.8 13.4% 6.3% 74.9%

Total World

LNG Trade represents approximately 11% of the consumption
Japan, China & Korea represent almost 55% of all LNG Imports
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Nuclear Generation 1965-2018 - TWh

Growth rate per annum Share
Terawatt-hours 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
Canada 0.1 1.0 11.8 35.7 60.5 72.5 97.2 72.3 91.4 90.0 92.9 94.2 102.7 106.5 101.1 100.4 100.4 100.0 -0.4% 0.8% 3.7%
us 3.8 23.0 181.6 264.3 403.9 607.2 708.8 793.6 823.1 849.4 831.8 809.8 830.5 839.1 839.1 848.1 847.3 849.6 0.3% * 31.4%
Total North America 4.0 240 1934 300.1 4644 6826 8145 8741 9253 9453 9348 9128 9451 9553 9518 959.1 958.6  963.2 0.5% 0.1% 35.7%
Total S. & Cent. America - A 2.3 2.3 9.1 9.5 9.6 12.2 16.7 21.7 22.1 22.4 21.7 20.9 21.8 24.1 21.8 22.5 3.1% 1.1% 0.8%
Belgium - 0.1 6.8 12.5 34.6 42.7 41.4 48.2 47.6 47.9 48.2 40.3 42.6 33.7 26.1 43.5 42.2 285 -32.6% -1.3% 1.1%
Czech Republic - - - - 2.4 12.6 12.2 13.6 24.7 28.0 28.3 30.3 30.7 30.3 26.8 241 28.3 29.9 5.6% 0.8% 1.1%
France 1.1 5.7 18.2 61.3 2241 314.1 377.2 415.2 451.5 428.5 442.4 425.4 423.7 436.5 437.4 403.2 398.4 413.2 3.7% -1.0% 15.3%
Germany 0.1 6.5 24.1 55.6 138.7 1525 1541  169.6 163.0 140.6  108.0 99.5 97.3 97.1 91.8 84.6 76.3 76.1 -0.3% -5.9% 2.8%
Spain - 0.9 7.5 5.2 28.0 54.3 55.5 62.2 57.5 61.6 57.7 61.5 56.7 57.3 57.3 58.6 58.1 55.6 -4.2% 0.5% 2.1%
Sweden A 0.1 12.0 26.5 58.6 68.2 69.9 57.3 72.7 57.7 60.5 64.0 66.5 64.9 56.3 63.1 65.7 68.6 4.4% -0.2% 2.5%
Switzerland - 25 7.4 13.6 224 235 24.7 26.3 23.2 26.5 26.9 25.6 26.2 27.8 23.3 21.3 20.5 257 25.2% -3.0% 1.0%
Ukraine - - - - 53.3 76.2 70.5 77.3 88.8 89.2 90.2 90.1 83.2 88.4 87.6 81.0 85.6 84.4 -1.4% -0.8% 3.1%
United Kingdom 15.1 26.0 30.3 37.0 61.1 65.8 89.0 85.1 81.6 62.1 69.0 70.4 70.6 63.7 70.3 717 70.3 65.1 -7.5% 1.1% 2.4%
Total Europe 19.9 45.4 115.6 238.2 695.6 894.4 977.0 1048.8 1110.2 1032.0 1024.2 998.4 986.5 992.7 968.3 942.2 936.1 937.5 0.1% -1.2% 34.7%
Russian Federation n/a n/a n/a n/a 99.3 118.3 99.5 130.7 149.4 170.4 172.9 177.5 172.5 180.8 195.5 196.6 203.1 204.5 0.7% 2.4% 7.6%
Total CIS 1.9 44 28.6 739 1046 1183 99.9 1327 1522 1729 1755 1798 1749  183.2 198.3  199.0  205.8  206.6 0.4% 2.4% 7.6%
Iran - - - - - - - - - - 0.1 15 4.3 4.1 35 6.6 7.1 7.0 -1.0% * 0.3%
Total Middle East - - - - - - - - - - 0.1 15 4.3 4.1 3.5 6.6 7.1 7.0 -1.0% + 0.3%
Total Africa - - - - 5.3 8.4 11.3 13.0 11.3 13.5 12.9 13.0 14.1 13.8 12.2 15.9 15.8 111 -29.6% 3.4% 0.4%
China - - - - - - 12.8 16.7 53.1 73.9 86.4 97.4 1116 1325 170.8 2133 2481 2944 18.6% 14.9% 10.9%
India - 1.3 2.1 2.4 45 6.4 7.6 15.8 17.8 23.1 32.2 33.1 33.3 34.7 38.3 37.9 37.4 39.1 4.4% 7.7% 1.4%
Japan n 3.3 21.7 82.6 159.6 194.6 286.9 319.1 293.0 292.4 162.9 18.0 14.6 - 4.5 17.7 29.1 49.1 68.9% -20.2% 1.8%
South Korea = = = 3.5 16.7 52.9 67.0 109.0 146.8 148.6 154.7 150.3 138.8 156.4 164.8 162.0 148.4 1335 -10.1% 0.4% 4.9%
Taiwan - - - 8.2 28.7 32.9 35.3 38.5 40.0 41.6 42.1 40.4 41.6 42.4 36.5 31.7 22.4 27.7 23.3% -5.7% 1.0%
Total Asia Pacific N 4.6 24.5 96.8 209.9 287.1 410.2 500.0 553.3 581.9 482.2 344.6 345.2 370.7 419.7 468.3 493.8 553.6 12.1% -1.0% 20.5%

— China 2007-17 CAGR 14.9%; 2018 +18.6%
— Iran shown for reference only
— U.S. more or less constant for 30 years

No Growth Between 2005-2018

base,
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*Coal consumption increased by 14% in 2018
eIndia grew by 5.7%

Coal Consumption 2018— 3772 MLOE | ainremerent ra3%of 2018

*China represents 50.5% of consumption in 2018

Grow th rate per annum Share
Million tonnes oil equivalent 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2007-17 2018
us 535.9 471.4 498.8 470.6 416.0 431.8 430.9 372.2 340.6 331.3 317.0 -4.3% -4.9% 8.4%
Total North America 575.5 505.2 536.3 507.5 449.9 465.4 463.2 404.8 371.7 365.1 343.3 -6.0% -4.6%) 9.1%
Total S. & Cent. America 27.7 23.3 28.3 30.2 31.7 34.6 36.4 35.8 35.5 34.8 36.0 3.7% 2.9% 1.0%
Germany 80.1 71.7 77.1 78.3 80.5 82.8 79.6 78.7 76.5 715 66.4 -7.2% -1.9% 1.8%
Poland 55.2 51.8 55.1 55.0 51.2 53.4 49.4 48.7 49.5 49.8 50.5 1.5% -1.2% 1.3%
Turkey 29.6 30.9 31.4 33.9 36.5 31.6 36.1 34.7 38.5 39.5 42.3 7.2% 3.0% 1.1%
Total Europe 391.2 350.4 366.3 381.8 390.2 377.6 354.5 339.2 326.8 315.5 307.1 -2.7% -2.6% 8.1%
Kazakhstan 33.8 30.9 334 36.3 37.9 375 37.0 34.2 33.9 36.4 40.8 12.2% 1.6% 1.1%
Russian Federation 100.7 92.2 90.5 94.0 98.4 90.5 87.6 92.1 89.3 83.9 88.0 4.9% -1.1% 2.3%
Total CIS 137.2 125.6 126.4 133.2 139.6 131.4 128.3 130.0 128.3 126.4 134.9 6.7% -0.1% 3.6%
Total Middle East 9.7 9.6 10.1 10.3 11.9 11.2 11.2 10.5 9.7 8.2 7.9 -2.7% -1.9% 0.2%
South Africa 93.3 93.8 92.8 90.5 88.3 88.4 89.5 85.2 86.9 84.3 86.0 2.0% 0.1% 2.3%
Total Africa 101.4 101.0 100.1 98.4 96.0 97.2 101.9 97.7 99.1 97.6 101.4 3.9% 0.6% 2.7%
Australia 58.2 56.3 52.2 50.9 47.8 45.4 45.0 46.5 46.5 45.1 44.3 -1.8% -2.1% 1.2%
China 1609.3 1685.8 1748.9 19039 1927.8 1969.1 19545 1914.0 1889.1 1890.4 1906.7 0.9% 1.8% 50.5%
India 259.3 280.8 290.4 304.6 330.0 352.8 387.5 395.3 400.4 415.9 452.2 8.7% 5.7% 12.0%
Indonesia 315 33.2 39.5 46.9 53.0 57.0 45.1 51.2 53.4 57.2 61.6 7.7% 4.7% 1.6%
Japan 120.3 101.6 115.7 109.6 115.8 121.2 119.1 119.3 118.8 119.9 117.5 -2.1% 0.2% 3.1%
South Korea 66.1 68.6 77.1 83.7 80.6 81.5 84.4 85.4 81.5 86.2 88.2 2.4% 3.7% 2.3%
Taiw an 37.0 35.2 37.6 38.9 38.0 38.6 39.0 37.8 38.6 394 39.3 -0.3% 0.2% 1.0%
Total Asia Pacific 2260.8 2335.5 2442.6 2621.1 2677.8 2749.7 2768.6 2751.0 2738.9 2770.8 2841.3 2.5% 2.3% 75.3%

3503.4 3450.6 3610.1 37825 3797.2 3867.0 3864.2 3769.0 3710.0 37184 37721 0.7%  100.0%
base,
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AEO2019 Cost & Performance New Generating Tech

Base
overnight Project Techno- Total  Variable Fixed
First Lead cost contin- logical overnight O&M5 &M Final
available Size time (2018 gency  optimism Costse (2018 [20185/ Heat rate® heat rate
Technology yeart  (MW) [years) S/EW) factor? factor® (2018 5/kW)  S5/MWh) KW fyr) (Btu/kKWh) {Btu/KWh)
Coal with 30% carbon
sequestration (CCS) 2022 650 4 4,713 1.07 103 5,160 7.31 72.12 9,750 9,221
Coal with 50% CCS 2022 650 4 5,212 1.07 1.03 5,716 9.89 83.75 11,650 9,257 36.9%
Conv gas/oil combined cycle
{CC) 2021 702 3 952 1.05 1.00 589 3.61 11.33 6,600 6,350 53.7%
Adv gasjoil CC 2021 1,100 3 736 1.08 1.00 794 2.06 10.30 6,300 6,200
Adv CC with CCS 2021 340 3 1,963 1.08 1.04 2,205 7.34 3443 7,525 7493 455%
Internal combustion engine 2020 85 2 1,306 1.05 1.00 1,371 6.03 7.11 8,500 8,160
Conv combustion turbine? 2020 100 2 1,072 1.05 1.00 1,126 3.61 18.03 9,840 9,600 3550,
Adv combustion turbine 2020 237 2 658 1.05 1.00 691 11.02 7.01 9,800 8,550 39.9%
Fuel cells 2021 10 3 6,250 1.05 1.10 7,197 46.56 0.00 9,500 8,960
Adv nuclear 2022 2,234 [ 5,224 1.10 1.05 6,034 2.37 103.31 10,461 10,461 32.6%
Distributed generation —
base 2021 2 3 1,501 1.05 1.00 1,576 2.40 18.50 B,958 8,500
Distributed generation —
peak 2020 1 2 1,804 1.05 1.00 1,894 2.40 18.50 9,948 9,880
Battery storage 2019 30 1 1,857 1.05 1.00 1,950 7.26 36.32 NA MNA
Biomass 2022 50 4 3,642 1.07 1.00 3,200 5.70 114 .39 13,500 13,500
GeothermalE= 2022 50 4 2,654 1.05 1.00 2,787 0.00 122.28 NA MNA
MSW - landfill gas 2021 50 3 8,313 1.07 1.00 8,895 9.47 42538 18,000 18,000
Converntional hydropower® 2022 500 4 2,680 1.10 1.00 2,948 136 4085 MA MA
Winde 2021 100 3 1,518 1.07 1.00 1,624 0.00 48.42 NA MNA
Wind offshores 2022 400 4 4 758 1.10 125 6,542 0.00 20.14 NA MNA
Solar thermal® 2021 100 3 4011 1.07 1.00 4291 0.00 72.84 NA MNA
Solar PV - tracking® 0.2 2020 150 2 1,876 1.05 1.00 1,269 0.00 22.46 NA MNA
2 1,698 1.05 1.00 1,783 0.00 22.46 NA MNA

Solar PV — fixed tilts8-2 2020 150

base,
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AEO2019 Cost & Performance New Generating Tech

1 Represents the first year that a new unit could become operational.

2 AACE International (the Association for the Advancement of Cost Engineering) has defined contingency as, “An amount added to an estimate to allow for items, conditions, or
events for which the state, occurrence, or effect is uncertain and that experience shows will likely result, in aggregate, in additional costs.”

3 The technological optimism factor is applied to the first four units of 2 new, unpraoven design; it reflects the demonstratad tendency to underestimate actual costs for a first-of-
a-kind umit.

# Owernight capital cost includes contingency factors and excludes regional multipliers (except as noted for wind and solar PV) and learning effects. Interest charges are also
excluded. The capital costs represent current costs for plants that would come onling in 2019,

7 0&M = Operations and maintenance.

£ The nuclear average heat rate is the weighted average tested heat rate for nuclear units as reported on the Form EIA-860, Annual Electric Generator Report. No heat rate is
reported for battery storage because it is not a primary conversion technology; conversion losses are accounted for when the electricity is first generated; electricity-to-storage
losses are accounted for through the additional demand for electricity required to meet load. For hydropower, wind, solar, and geothermal technologies, no heat rate is
reported because the power is generated without fuel combustion and no set Btu conversion factors exist. The model calculates the average heat rate for fossil generation in
each year for purposes of reporting primary energy consumption displaced for these resources.

7 Conventional combustion turbine units can be built by the model before 2020, if necessary, to meet a region's resen'e margin.

£ Capital costs are shown before investmenit tax credits are applied.

% Because geathermal and hydropower cost and perfarmance characteristics are specific for each site, the table entries show the cost of the least expensive plant that could be
built in the Northwest Power Pool region, where maost of the proposed sites are located.

¥ Wind and both solar PV tachnologies’ total overnight cost shown in the table shows the average input value across all 22 electricity market regions, as weighted by the
respective capacity of that type installed during 2017 in each region to account for the substantial regional variation in wind and solar costs (as shown in Table 3). The input
value used for wind in AEQ2019 was 51,920 per kilowatt (kW), solar PV with tracking was 52, 160/kW, and solar PV fixed tilt was 52,024, representing the cost of building a plant
excluding regional factors. Region-specific factors contributing to the substantial regional variation in cost include differences in typical project size across regions, accessibility
of resources, and variation in labor and other construction costs through the country.

1 Costs and capacities are expressed in terms of net AC power available to the grid for the installed capacity.

Source: Input costs other than Advanced Combined Cycle are consistent with those used in AEQ2018, and they are primarily based on a feport provided by external
consultants. The base costs shown above reflect calculated learning cost reductions based on recent builds that occurred since the cost report was provided. The cost
differential between the two PV technologies was based on Lawrence Berkeley National Lab's Utility-5Scale Solar Report. Hydropower site costs for non-powered dams were
updated for AEQ2018 using data from Oak Ridge National Lab. Costs for advanced CC were updated for AEO2019 based on a PJM Interconnection Cost of New Entry report and
ElA analysis of reported costs.

base,

“Practical Strategies for Emerging Energy Technologies”



The Big Picture: World Industrial Power Prices
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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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McKinsey — Five Key LNG Themes Uncovered
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Global LNG-price indicators have partially converged with the differentials
among Asia, Europe, and the United States, falling to the smallest they have
been in longer than a decade.

Asia is leading a third wave of market liberalization after those in the United
States and Europe, likely bringing fundamental changes to Asian markets.

Long-term contract-pricing mechanisms are evolving in indexation and slope as
gas and oil markets diverge, placing pressure on buyers to reshape their contract
portfolios, with up to $15 billion per year at stake.

Substantial new investment is necessary to deliver the infrastructure required to
meet demand growth.

Traditional, bilateral business models for LNG are being challenged today, and
new business models with an increased focus on commercial and trading
capabilities are emerging.
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