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Basic Comparisons 

Source: CIA World Factbook

PS… .Total Value of Outstanding Student Loans - $1.5 trillion
U.S. health care cost 2017 - $3.5 trillion

U.S. Household Debt Q:1:18 - $13.2 trillion

World Total Installed Electrical Generating Capacity 6301GW

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 - km2 9,596,960 9,826,675 3,287,263 377,915 357,022 17,098,242

GDP - Purchasing Power Parity ($trillion) 23.1 19.4 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 6,142 4,088 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 3.5 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 42.9 184.5
Coal Consumption - Million Tonnes Oil Equivalent 1920.4 396.3 407.2 119.4 78.3 88.7
Source: CIA World Factbook
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Primary Energy Consumption by Fuel 2017 - Mtoe

Source: BP Statistical Review of World Energy 2018

13,511.2 Mtoe = 555.4 Quads

U.S. = 91.86 Quads

Primary Energy: Consumption by fuel*
2016 2017

Million tonnes oil equivalent Oil Natural 
Gas

Coal Nuclear 
energy

Hydro 
electric

Renew -
ables Total

Oil Natural 
Gas

Coal Nuclear 
energy

Hydro 
electric

Renew - 
ables Total

Percent of 
2017 Total

US 907.6 645.1 340.6 191.9 59.7 83.1 2228.0 913.3 635.8 332.1 191.7 67.1 94.8 2234.9 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 2.5 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 2772.8 20.5%

Brazil 135.7 32.4 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 38.5 9.1 90.1 11.1 9.4 237.9 1.8%
Germany 117.3 73.0 75.8 19.2 4.6 38.3 328.2 119.8 77.5 71.3 17.2 4.5 44.8 335.1 2.5%
Italy 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 10.5 13.3 8.2 15.4 136.7 64.8 27.5 13.4 13.1 4.2 15.7 138.8 1.0%
Turkey 47.1 38.2 38.5 - 15.2 5.4 144.4 48.8 44.4 44.6 - 13.2 6.6 157.7 1.2%
United Kingdom 76.3 69.6 11.2 16.2 1.2 17.6 192.2 76.3 67.7 9.0 15.9 1.3 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 44.5 41.8 0.3 689.6 153.0 365.2 92.3 46.0 41.5 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 1.5 3.5 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 1.5 - - 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 5.4 139.5 52.4 36.0 42.3 - 3.1 5.7 139.4 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 3132.2 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 5.6%
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 3.1 292.2 129.3 42.4 86.3 33.6 0.7 3.6 295.9 2.2%
Taiw an 48.6 17.2 38.6 7.2 1.5 1.0 114.0 49.2 19.1 39.4 5.1 1.2 1.2 115.1 0.9%
Thailand 62.1 43.5 17.7 - 0.8 2.8 126.9 63.9 43.1 18.3 - 1.1 3.4 129.7 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 3073.2 3706.0 591.2 913.3 417.4 13258.5 4621.9 3156.0 3731.5 596.4 918.6 486.8 13511.2
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%
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Largest Proven Crude Oil Reserves

On August 11, 2017 — the day after he spoke 
with McMaster — Trump publicly threatened 
a “military option” for Venezuela while 
talking to reporters at his golf club in 
Bedminster, New Jersey. His comments, 
coming seemingly out of the blue, shocked 
pretty much everyone — not least Venezuela.

https://www.reuters.com/video/2017/08/11/trump-threatens-venezuela-with-military?videoId=372305336
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Oil: Consumption*
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%
Italy 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% 5.2% 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 87105 86515 85587 88535 89561 90509 92088 92986 94843 96488 98186 1.8% 1.2% 100.0%

Grow th rate per annum

Crude Oil Consumption 2017 – 98.2 MMbbl/d

 

Source: BP Statistical Review of World Energy 2018

+1,698 MMbbl/d 
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Oil: Production*
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% 3.5% 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% 1.4% 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% 1.5% 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% 2.1% 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%
                 OPEC 35835 37029 34596 35665 36478 38034 37004 36945 38362 39601 39436 -0.4% 0.9% 42.6%

Grow th rate per annum

Crude Oil Production 2017 – 92.6 MMbbl/d

Source: BP Statistical Review of World Energy 2018



“Practical Strategies for Emerging Energy Technologies”
®basee

WW Oil Supply/Demand

Source: O&G Journal January 2, 2017
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Oil Price – The Supply/Demand Balance

2015 World Oil Production 91.7 MMbbl/d
− U.S.                    12.7
− Saudi Arabia     12.0
− Russia                11.0
− Iran                      3.9

http://www.artberman.com/wp-content/uploads/Chart_Prod-Surp-Def-11-15_NOV-2015.jpg
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2015-2019 Supply-Demand Balance

OPEC Production cut ⁓1.8 mmbbl/d
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Global Liquids Cost Curve - 2015
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Global Liquids Cost Curve - 2016
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Global Liquids Cost Curve - 2020
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Share of World Liquid Supply
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Break-Even Price of Oil Selected Locations
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Coal Consumption 2017– 3732 Mtoe 
•Coal consumption declined by 1.6% in 2017 
•India grew by 4.8%
•China grew by 0.5%
•Asia represents 74.5% of 2017
•China represents 50.7% of consumption in 2017

Source: BP Statistical Review of World Energy 2018

Coal: Consumption*
Growth rate per annum Share

Million tonnes oil equivalent 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 544.6 535.9 471.4 498.8 470.6 416.0 431.8 430.9 372.2 340.6 332.1 -2.2% -4.5% 8.9%
Total North America 586.2 575.5 505.2 536.3 507.1 449.9 465.4 463.2 404.8 371.9 363.8 -1.9% -4.3% 9.7%

Total S. & Cent. America 25.8 28.3 23.1 28.1 30.0 31.6 34.3 35.9 36.2 34.9 32.7 -5.9% 3.7% 0.9%

Germany 86.7 80.1 71.7 77.1 78.3 80.5 82.8 79.6 78.7 75.8 71.3 -5.8% -1.1% 1.9%
Poland 55.9 55.2 51.8 55.1 55.0 51.2 53.4 49.4 48.7 49.5 48.7 -1.4% -1.5% 1.3%
Turkey 29.5 29.6 30.9 31.4 33.9 36.5 31.6 36.1 34.7 38.5 44.6 16.3% 3.9% 1.2%
Total Europe 372.9 349.3 314.3 327.8 340.2 347.3 336.4 319.3 313.1 295.1 296.4 0.7% -2.2% 7.9%

Kazakhstan 31.1 33.8 30.9 33.4 36.3 37.9 37.5 37.0 34.2 33.9 36.2 7.0% 1.8% 1.0%
Russian Federation 93.9 100.7 92.2 90.5 94.0 98.4 90.5 87.6 92.1 89.2 92.3 3.8% -0.8% 2.5%
Ukraine 39.8 41.8 35.9 38.3 41.5 42.5 41.6 35.6 27.3 29.7 24.6 -17.1% -2.9% 0.7%
Total CIS 167.3 179.0 161.5 164.7 174.7 182.1 173.0 163.8 157.3 156.2 157.0 0.8% -0.7% 4.2%

Total Middle East 9.9 9.7 9.6 10.1 10.3 11.9 11.5 11.5 10.7 9.1 8.5 -5.9% -0.8% 0.2%

South Africa 83.7 93.3 93.8 92.8 90.5 88.3 88.4 89.5 83.0 84.7 82.2 -2.7% 0.4% 2.2%
Total Africa 92.0 101.4 101.0 100.1 98.4 96.0 97.2 101.9 94.6 94.9 93.1 -1.7% 0.5% 2.5%

Australia 52.7 54.9 53.1 49.4 48.1 45.1 43.0 42.6 43.9 43.6 42.3 -2.8% -1.9% 1.1%
China 1584.2 1609.3 1685.8 1748.9 1903.9 1927.8 1969.1 1954.5 1914.0 1889.1 1892.6 0.5% 2.6% 50.7%
India 240.0 259.3 280.8 290.4 304.6 330.0 352.8 387.5 395.3 405.6 424.0 4.8% 6.3% 11.4%
Indonesia 36.2 31.5 33.2 39.5 46.9 53.0 57.0 45.1 51.2 53.4 57.2 7.4% 6.3% 1.5%
Japan 117.7 120.3 101.6 115.7 109.6 115.8 121.2 119.1 119.0 118.8 120.5 1.7% 0.6% 3.2%
Malaysia 8.8 9.8 10.6 14.8 14.8 15.9 15.1 15.4 17.4 19.6 20.0 2.5% 10.4% 0.5%
South Korea 59.7 66.1 68.6 75.9 83.6 81.0 81.9 84.6 85.5 81.9 86.3 5.7% 4.1% 2.3%
Taiwan 38.8 37.0 35.2 37.6 38.9 38.0 38.6 39.0 37.8 38.6 39.4 2.5% 0.4% 1.1%
Vietnam 6.3 11.9 11.2 14.6 17.3 16.1 17.2 20.8 26.2 28.3 28.2 ♦ 17.3% 0.8%
Total Asia Pacific 2197.6 2257.5 2332.3 2438.6 2618.3 2675.5 2747.5 2766.5 2748.3 2744.0 2780.0 1.6% 3.1% 74.5%

Total World 3451.8 3500.6 3447.0 3605.6 3778.9 3794.5 3865.3 3862.2 3765.0 3706.0 3731.5 1.0% 1.3% 100.0%
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Coal Production 2017 – 3769 Mtoe

Calorific equivalents
One tonne of oil equivalent equals approximately:
Solid fuels 1.5 tonnes of hard coal

3 tonnes of lignite
Production is ~70% bituminous/30% Lignite

Source: BP Statistical Review of World Energy 2018

Coal: Production*
Share

Million tonnes oil equivalent 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 558.3 566.9 513.7 523.7 528.3 491.9 475.8 482.3 426.9 348.3 371.3 6.9% -4.7% 9.9%
Canada 35.7 35.6 33.1 35.4 35.5 35.5 36.1 35.9 32.3 31.8 31.1 -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 15.5 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 47.5 49.8 51.6 51.4 48.9 46.2 44.3 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 138.4 141.0 139.7 144.1 143.2 146.6 145.3 148.2 142.9 142.4 143.0 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 227.0 234.2 242.5 250.6 245.1 265.9 285.8 305.9 306.4 307.7 297.4 -3.1% 3.4% 7.9%
China 1439.3 1491.8 1537.9 1665.3 1851.7 1873.5 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 21.5 30.3 41.4% 18.2% 0.8%
Vietnam 23.8 22.3 24.7 25.1 26.1 23.6 23.0 23.0 23.3 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 2781.7 2756.7 2639.6 2702.3 2.7% 3.2% 71.7%

Total World 3302.4 3410.8 3409.6 3601.6 3866.6 3909.8 3978.9 3966.4 3862.1 3663.5 3768.6 3.2% 1.5% 100.0%

Grow th rate per annum
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Coal Reserves to Production Ratio - 2017

Source: BP Statistical Review of World Energy 2018

YEARS
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Coal - Regional Consumption 2017 - Mtoe

China  
alone is 

1893 Mtoe
(50.7%)

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.

Source: BP Statistical Review of World Energy 2018

Production by region Consumption by region
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India Coal
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Coal Exports 2016
˗ The United States remained a net exporter of coal in 2016

˗ Exporting 60.3 million short tons = $3.316 billion
˗ Importing   9.8 million short tons = $0.539 billion
˗ Net =$2.777 billion

˗ U.S. coal exports fell for the fourth consecutive year, down 13.7 MMst from 2015, with 2016 exports 
less than half of the record volume of coal exported in 2012 (125.7 MMst). 

˗ Nearly 80% of the coal exported by the United States in 2016 went to 10 countries. 
˗ Declining exports to 9 of those 10 countries accounted for two-thirds of the total drop in U.S. exports.
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Coal Company Bankruptcies
• 44.3% of the coal produced in the U.S. came from 

a company that has filed for bankruptcy court 
protection since 2012. 

• More than 69% of the coal produced in the 
Powder River Basin came from coal companies 
recently filing bankruptcy.

• Three of every four tons mined in Wyoming came 
from a coal company on the bankruptcy list. 

• 28.9% of coal from the Illinois Basin comes from 
a coal company recently filing for bankruptcy 
court protections.

Source: SNL April 13, 2016
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Coal “Flat Lines”
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Natural Gas
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Top 30 Natural Gas Consumers 2017
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Natural Gas Demand 2017 – 3670.4 BCM

Source: BP Statistical Review of World Energy 2018

Natural Gas: Consumption*
Share

Billion cubic metres 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 624.1 628.9 617.6 648.2 658.2 688.1 707.0 722.3 743.6 750.3 739.5 -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 41.3 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 44.5 45.2 37.9 40.8 44.6 44.7 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%
Italy 81.5 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 33.3 32.9 34.5 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 44.1 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 99.2 105.3 111.4 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 72.5 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 28.5 29.1 33.8 35.3 35.4 37.2 40.1 42.1 41.7 41.9 0.6% 4.9% 1.1%
China 71.1 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 42.1 44.0 42.7 42.9 41.4 41.5 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 43.5 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 35.5 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%

Total World 2958.0 3032.1 2947.8 3175.9 3241.0 3327.1 3371.5 3398.7 3474.2 3574.2 3670.4 3.0% 2.3% 100.0%

Grow th rate per annum
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Natural Gas Production 2017 – 3680.4BCM

Source: BP Statistical Review of World Energy 2018

Natural Gas: Production*
Share

Billion cubic metres 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 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 35.5 37.3 37.1 -0.1% -1.8% 1.0%
Trinidad & Tobago 41.0 40.8 42.4 43.5 41.9 41.5 41.7 40.9 38.5 33.5 33.8 1.2% -1.5% 0.9%
Venezuela 37.2 33.4 31.8 30.5 30.2 31.9 30.6 31.8 36.1 38.0 37.4 -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 99.2 105.3 111.4 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 34.4 24.7 35.5 38.6 41.1 34.4 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 96.4 113.5 18.0% 9.0% 3.1%
China 69.8 80.9 85.9 96.5 106.2 111.5 121.8 131.2 135.7 137.9 149.2 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 407.1 426.4 447.5 496.5 500.1 509.4 519.6 539.4 564.0 580.3 607.5 5.0% 4.0% 16.5%

Total World 2941.3 3045.4 2952.8 3169.3 3269.0 3337.1 3376.2 3446.9 3519.4 3549.8 3680.4 4.0% 2.2% 100.0%

Grow th rate per annum
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Natural Gas Reserves

44.7% w/out Qatar
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EIA/ARI Technically Recoverable Shale Resources - 2013 
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Top LNG Producers 2015

http://globalriskinsights.com/wp-content/uploads/2015/10/Worlds-top-LNG-producers.png
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World Change in Gas Production – 2012-2040

566 BCM283 BCM 425 BCM

18.7

16.5

15.4

12.8

12.4

6.5

+82.3 tcf = 2330 BCM
tcf
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Natural Gas Prices – March 2013

Significant 
regional price 
differences exist

Supply:
North America
− Significant shale resource
− Significant associated gas production
Australia & East Africa
− Project cost/timing uncertainties

Demand:
Japan
− Fukushima = Japan 36% WW LNG
− Oil-price-linked formula

China
− Demand Growth
− Oil-price-linked formula

Europe
− Concern over Russian dependency
− Oil-price-linked formula
− UK declining indigenous supply
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Natural Gas Prices 2015

http://globalriskinsights.com/wp-content/uploads/2015/10/Global-gas-prices.png
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World LNG Estimated Landed Prices January 2018
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China Natural Gas

˗ 147 in 2012
˗ Domestic production 106 
˗ Imported 41

147
˗ 529 in 2035

˗ Domestic production 317 
˗ Imported 212

529

3x @3.5% pa
5x @ 12.8% pa

(529/147)1/33 = 4.0% per year
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China Natural Gas

+3X
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China Energy Demand Growth
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Changing LNG Contract Terms – More Flex together 
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India Emerges as Largest Energy Growth Market
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India Natural Gas
− India plans to dramatically increase its LNG import capacity

– Indian gas production meets nearly half of domestic demand
– The country’s domestic natural gas production peaked in 2010 at 44.5 Bm3, 
– Production has declined over the past few years, settling at 29.2 Bm3 in 2015
– India must rely on imports to satisfy demand

− India is expanding import capacity at its LNG terminals, as well as building grassroots facilities and utilizing floating 
storage and regasification unit (FSRU) vessels

– The country has four operational LNG import terminals with a combined installed capacity of 25 MMtpy
– India’s Ministry of Petroleum and Natural Gas announced that LNG import capacity will increase from 25 MMtpy to 50 MMtpy
– Nearly 80% of these new LNG supplies will come from Australia and the US.

− India is also planning to utilize LNG as a bunker fuel and transportation fuel. 
– The country has plans to build four LNG barges along the Ganges River. 
– These barges will provide waterway transport vessels with cleaner-burning LNG, as opposed to diesel fuel. 

− India promoting the use of LNG-fueled vehicles to curb emissions and mitigate its dependence on oil imports
– India’s Petronet is heavily involved in promoting LNG as a transportation fuel
– Plan includes LNG to be used in vehicles, water vessels and trains
– Petronet is also in talks with major Indian fuel retailers to install LNG pumps at their fuel locations.

− LNG-fueled vehicles, in combination with new Bharat Stage 6 fuel regulations, could have a dramatic impact on 
vehicle emissions in the country

– Air pollution has become such a crucial issue that New Delhi and other cities are requiring drivers to use their vehicles only every other day
– The government is investing in the construction of compressed natural gas (CNG) fueling stations in the hope that citizens will switch to the cheaper, 

more fuel-efficient transportation option.
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India – Gas Supply

53               110               146             166              173 BCM
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Gas to Europe - 489 BCM Demand

− Europe/Eurasia Pipeline Imports - 423 BCM
− Russia 189
− Norway 109
− The Netherlands               43
− Algeria 37
− Other Europe/Mideast      50

− Europe/Eurasia LNG Imports - 66 BCM
− Qatar 24
− Algeria 14
− Nigeria 12
− Other 16
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Australia Supply Strategy
97 BCM



“Practical Strategies for Emerging Energy Technologies”
®basee

LNG Increases Global Gas Availability
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Global LNG Growth

Hydrocarbon Processing January 2018

341 BCM

806 BCM

532 BCM

180BCM
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Jensen 2004 Break-even Points
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LNG Value Chain

Wärtsilä Technical Journal October 20, 2016
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Lots of Gas Pipelines

Oil & Gas Journal Feb 5, 2018
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Natural Gas Trade 2017 – 1134.1 BCM

Trade represents approximately 30% of the consumption
Japan, China & Korea represent almost 55% of all LNG Imports

Source: BP Statistical Review of World Energy 2018

Pipeline trade grew    3.7%
LNG trade grew       10.3%
Consumption grew     5.9%

Gas Trade in 2016 and 2017

Billion cubic metres 2016 2017
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 21.1 0.3 79.5 † 24.0 0.4 80.7 † 2.9 0.1 1.2 0.0
Mexico 37.5 5.9 † - 42.1 6.6 † - 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 15.4 13.8 15.4 5.8 (0.8) (1.8) (0.8) (0.6)
France 32.2 9.1 - 1.5 33.5 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
Italy 60.5 5.9 - - 53.8 8.4 - - (6.7) 2.5 0.0 0.0
Netherlands 36.8 1.3 46.8 0.9 40.9 1.6 43.3 0.8 4.1 0.3 (3.6) (0.0)
Norw ay † - 109.4 6.0 † - 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 (1.1) 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 - - 18.4 103.4 0.0 0.0 (0.1) (3.8)
Other Middle East 25.8 13.7 8.0 18.8 22.2 13.0 12.5 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 2.1 0.0 (0.1)
Japan - 113.6 - - - 113.9 - - 0.0 0.4 0.0 0.0
Indonesia - - 8.2 22.2 - - 8.0 21.7 0.0 0.0 (0.2) (0.5)
South Korea - 45.7 - 0.1 - 51.3 - 0.1 0.0 5.6 0.0 (0.0)
Other Asia Pacif ic 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.

2017 vs. 2016
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U.S. Shale Gas

75%

60%
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Production Well Decline Rate

22%

23%
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Reuters Break-even Shale Price

˗ Drilling innovations over the past decade have generated a dizzying reduction in the cost of 
pumping oil from shale formations across the United States

˗ The first time since 2012, shale producers will see a rise in break-even production costs this 
year

˗ The per-barrel costs will rise an average of $1.60 across the shale patch to $36.50
˗ The wellhead price required to generate a profit is about half of what it was in 2010

•Estimated 
•Source Rystad Energy
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Nuclear, Hydro & Geothermal



“Practical Strategies for Emerging Energy Technologies”
®basee

“The Big Picture: Next-Gen Nuclear”
− Compliments of Power magazine April 2014
− 72 mostly advanced nuclear reactions under 

construction
− A total of 68GW (12% of installed base)
− China represents 40% of  the total
− France will cap nuclear capacity at the  current 

63.2GW, forcing closures w/capacity additions
− Currently at 75% share of generation
− Goal is 50% by 2025

Westinghouse 
AP1000® plant

under construction 
in Sanmen, China

Installed Generating Capacity (2012) = 5,550 GW
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Nuclear Power Growth
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French - Nuclear
˗ France’s outlook for  nuclear sector in the next 10 years will be decisive for the country’s capacity to 

meet its climate and energy goals, and – at the same time -- maintain electricity security
˗ Cut the share of nuclear power from 78% of electricity produced today to 50% by 2025, while also 

reducing greenhouse gas emissions by 40% in 2030
˗ The IEA report highlights five avenues to accelerate the energy transition and guide energy 

investment:
˗ Track progress along robust scenarios
˗ Continue with clear and long-term carbon pricing instruments
˗ Take timely decisions on the safe and long-term operation of the nuclear reactors
˗ Further reduce barriers to renewable deployment
˗ Strengthen efforts towards market opening, competition and consumer choice.

˗ France’s Transition Act is a first-class energy and climate framework, based on:
˗ A low-carbon strategy, carbon budgets, and the related investment planning
˗ France leads on carbon pricing with a long-term carbon price trajectory set by law up to 2030.”

˗ France’s nuclear fleet is the world’s second-largest, and has reached a 30-year average lifetime
˗ For now, no decision has been taken in favor of long-term operation pending safety reviews.
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Nuclear & Hydro
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Worldwide Hydro Generation 2017 - TWh
Hydroelectricity: Generation*

Share
Teraw att-hours 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 243.0 251.1 271.5 257.3 316.1 274.0 266.5 255.8 246.5 263.8 296.5 12.7% -0.8% 7.3%
Canada 367.6 377.5 368.7 351.4 375.7 380.3 391.8 382.5 382.2 387.1 396.9 2.8% 0.9% 9.8%
Total North America 638.0 667.8 666.9 645.8 728.1 686.2 686.4 677.1 659.6 681.6 725.1 6.7% 0.2% 17.9%

Argentina 37.7 37.2 40.8 40.5 39.6 36.9 40.7 40.9 41.8 38.3 41.6 8.9% -1.3% 1.0%
Brazil 374.0 369.6 391.0 403.3 428.3 415.3 391.0 373.4 359.7 380.9 369.5 -2.7% 0.9% 9.1%
Colombia 44.2 46.2 40.8 40.6 48.4 47.6 44.4 44.7 44.7 46.8 57.3 22.9% 1.0% 1.4%
Venezuela 83.0 86.7 85.8 76.7 83.2 81.7 83.4 78.7 73.4 66.3 76.7 16.1% -2.0% 1.9%
Total S. & Cent. America 676.2 680.6 697.9 701.2 744.5 730.8 710.3 686.6 671.6 691.3 717.4 4.1% 0.6% 17.7%

France 57.6 63.7 57.0 62.7 44.8 58.7 70.7 62.8 54.4 60.0 49.2 -17.8% 0.6% 1.2%
Norw ay 133.7 139.0 125.3 116.8 120.3 141.7 128.2 135.4 137.3 142.4 141.4 -0.4% 1.8% 3.5%
Sw eden 66.2 69.0 65.4 66.4 67.1 78.9 61.4 63.8 75.3 62.0 64.7 4.7% 0.1% 1.6%
Turkey 35.9 33.3 36.0 51.8 52.3 57.9 59.4 40.6 67.1 67.2 58.4 -12.8% 4.3% 1.4%
Total Europe 553.8 581.5 577.7 636.6 557.9 614.5 647.1 634.8 631.2 645.7 576.2 -10.5% 1.6% 14.2%

Russian Federation 177.0 164.8 174.2 166.5 163.1 163.5 181.2 173.4 168.0 184.8 183.3 -0.5% 0.6% 4.5%
Total CIS 237.5 226.2 233.1 232.6 228.2 228.4 248.5 235.3 226.7 248.9 250.6 0.9% 0.4% 6.2%

Total Middle East 26.7 13.7 12.1 17.4 18.3 21.4 23.4 19.9 16.8 20.2 20.0 -0.6% -3.3% 0.5%

Eastern Africa 46.4 45.8 48.0 54.0 55.5 58.1 61.7 66.0 65.2 63.8 66.5 4.4% 4.1% 1.6%
Total Africa 95.3 97.2 100.0 107.4 110.3 110.9 117.5 123.8 121.0 119.9 128.5 7.4% 2.7% 3.2%

China 485.3 637.0 615.6 711.4 688.0 862.8 909.6 1051.1 1114.5 1153.3 1155.8 0.5% 10.2% 28.5%
India 122.6 115.2 106.3 108.7 131.7 115.8 132.0 139.0 133.3 128.4 135.6 6.0% 1.3% 3.3%
Japan 74.7 74.4 68.8 86.9 80.8 76.1 78.0 80.0 83.8 80.0 79.2 -0.6% -0.9% 2.0%
Vietnam 22.4 26.0 30.0 27.6 40.9 52.8 57.3 61.2 57.0 63.9 70.2 10.1% 12.5% 1.7%
Total Asia Pacific 852.3 996.7 965.8 1094.9 1115.9 1279.1 1364.8 1510.4 1564.6 1628.5 1642.2 1.1% 7.4% 40.4%

Total World 3079.8 3263.6 3253.6 3435.9 3503.2 3671.3 3798.0 3887.9 3891.4 4036.1 4059.9 0.9% 2.9% 100.0%

Grow th rate per annum

2017 WW Electric Generation 25551 TWh
WW Hydro 4060 (15.9%)
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Worldwide Hydro Generation 2017 - Mtoe
Hydroelectricity: Consumption*

Share
Million tonnes oil equivalent 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017

US 55.0 56.8 61.4 58.2 71.5 62.0 60.3 57.9 55.8 59.7 67.1 12.7% -0.8% 7.3%
Canada 83.2 85.4 83.4 79.5 85.0 86.0 88.7 86.6 86.5 87.6 89.8 2.8% 0.9% 9.8%
Total North America 144.4 151.1 150.9 146.1 164.7 155.3 155.3 153.2 149.2 154.2 164.1 6.7% 0.2% 17.9%

Argentina 8.5 8.4 9.2 9.2 9.0 8.3 9.2 9.2 9.5 8.7 9.4 8.9% -1.3% 1.0%
Brazil 84.6 83.6 88.5 91.3 96.9 94.0 88.5 84.5 81.4 86.2 83.6 -2.7% 0.9% 9.1%
Colombia 10.0 10.4 9.2 9.2 11.0 10.8 10.0 10.1 10.1 10.6 13.0 22.9% 1.0% 1.4%
Venezuela 18.8 19.6 19.4 17.3 18.8 18.5 18.9 17.8 16.6 15.0 17.4 16.1% -2.0% 1.9%
Total S. & Cent. America 153.0 154.0 157.9 158.7 168.5 165.4 160.7 155.4 152.0 156.4 162.3 4.1% 0.6% 17.7%

France 13.0 14.4 12.9 14.2 10.1 13.3 16.0 14.2 12.3 13.6 11.1 -17.8% 0.6% 1.2%
Norw ay 30.2 31.5 28.3 26.4 27.2 32.1 29.0 30.6 31.1 32.2 32.0 -0.4% 1.8% 3.5%
Sw eden 15.0 15.6 14.8 15.0 15.2 17.9 13.9 14.4 17.0 14.0 14.6 4.7% 0.1% 1.6%
Turkey 8.1 7.5 8.1 11.7 11.8 13.1 13.4 9.2 15.2 15.2 13.2 -12.8% 4.3% 1.4%
Total Europe 125.3 131.6 130.7 144.0 126.2 139.1 146.4 143.6 142.8 146.1 130.4 -10.5% 1.6% 14.2%

Russian Federation 40.1 37.3 39.4 37.7 36.9 37.0 41.0 39.2 38.0 41.8 41.5 -0.5% 0.6% 4.5%
Total CIS 53.7 51.2 52.7 52.6 51.6 51.7 56.2 53.2 51.3 56.3 56.7 0.9% 0.4% 6.2%

Total Middle East 6.0 3.1 2.7 3.9 4.1 4.8 5.3 4.5 3.8 4.6 4.5 -0.6% -3.3% 0.5%

Eastern Africa 10.5 10.4 10.9 12.2 12.6 13.1 14.0 14.9 14.8 14.4 15.0 4.4% 4.1% 1.6%
Total Africa 21.6 22.0 22.6 24.3 25.0 25.1 26.6 28.0 27.4 27.1 29.1 7.4% 2.7% 3.2%

China 109.8 144.1 139.3 161.0 155.7 195.2 205.8 237.8 252.2 261.0 261.5 0.5% 10.2% 28.5%
India 27.7 26.1 24.1 24.6 29.8 26.2 29.9 31.5 30.2 29.0 30.7 6.0% 1.3% 3.3%
Japan 16.9 16.8 15.6 19.7 18.3 17.2 17.7 18.1 19.0 18.1 17.9 -0.6% -0.9% 2.0%
Vietnam 5.1 5.9 6.8 6.2 9.3 11.9 13.0 13.8 12.9 14.5 15.9 10.1% 12.5% 1.7%
Total Asia Pacific 192.9 225.5 218.5 247.7 252.5 289.4 308.8 341.8 354.0 368.5 371.6 1.1% 7.4% 40.4%

Total World 696.9 738.5 736.2 777.5 792.7 830.7 859.4 879.7 880.5 913.3 918.6 0.9% 2.9% 100.0%

Grow th rate per annum

2017 WW Primary Energy Consumption 13511 Mtoe
WW Hydro 919 Mtoe (6.9%)
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U.S. Hydro Capacity is Very Old

˗ Conventional hydroelectric generators account for 7% of the operating electricity generating capacity 
in the United States and about 6% to 7% of U.S. electricity generation each year.

˗ Hydropower plants account for 99% of all currently operating capacity built before 1930
˗ The 50 oldest electric generating plants in the United States are all hydroelectric generators; each has 

been in service since 1908.
˗ Many reservoirs must balance power output with competing water demand for irrigation, municipal, 

industrial, and other needs, as well as concerns with fish migration.
˗ As a result, hydroelectric facilities often do not run at full output. U.S. hydroelectric capacity factors, 

which measure actual output as a percent of total capacity, average between 30% and 40%. 
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12GW Complimentary Non-Power Dams (NPD)
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Cumulative Geothermal Installed Capacity – 12.6GW
    

Cumulative installed geothermal power capacity* Change 2014
2014 over share

Megaw atts 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total

China 28 28 28 28 24 24 24 24 24 27 27 0.0% 0.2%
Costa Rica 163 163 163 163 163 166 166 208 208 208 208 0.0% 1.7%
El Salvador 151 151 195 195 204 204 204 204 204 204 204 0.0% 1.6%
Iceland 202 202 312 485 576 576 575 665 665 665 665 0.0% 5.3%
Indonesia 807 850 850 980 1052 1189 1193 1209 1339 1339 1401 4.6% 11.1%
Italy 791 791 811 811 811 843 883 883 875 876 916 4.6% 7.3%
Japan 535 534 534 532 532 500 502 502 502 503 539 7.2% 4.3%
Kenya 167 167 167 170 174 174 209 212 217 253 590 133.7% 4.7%
Mexico 960 960 960 960 965 965 965 887 812 834 834 0.0% 6.6%
New  Zealand 370 425 425 443 585 625 723 723 723 971 971 0.0% 7.7%
Philippines 1932 1978 1978 1958 1958 1953 1966 1783 1848 1868 1917 2.6% 15.2%
Russia (Kamchatka) 79 79 79 82 82 82 82 82 82 82 82 0.0% 0.7%
Turkey 20 20 28 28 35 82 94 114 114 226 368 62.6% 2.9%
US 2866 2893 2940 3037 3163 3289 3308 3318 3450 3524 3525 0.0% 28.0%
Total World 9225 9396 9655 10121 10575 10928 11152 11071 11397 11917 12594 5.7% 100.0%

        

    
    

 
 

 
 

 

 

 
Sources: International Geothermal Association, ThinkGeoEnergy, and national sources 
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Renewables
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Renewables Growth
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Renewables Levelized Cost 2010 & 2014

$0.14/kWh

$0.05/kWh
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Renewables Outlook
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Increase in Renewables led by China and OECD
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China’s Solar Curb
China's suspension of approval for new subsidized grid-scale photovoltaic (PV) solar projects has 
led to sharply reduced forecasts for global capacity expansion in 2018. 
− The government's decision, at the end of May, came into effect in June and effectively means only 

projects subject to competitive bidding will be sanctioned in 2018, while feed-in tariffs have also 
been cut.

− The rationale for the move is familiar, echoing similar moves in Spain and Germany, the countries 
that led the solar drive in Europe. 

− A combination of attractive subsidies and falling installation costs led to more projects being built than those 
governments had envisaged, or grids could cope with, forcing an overhaul of the market.

− In China, there has been the added problem that some big solar projects are being built in remote regions of the 
country, which are a long way from the country's most energy-hungry population centers.

− Money is being poured into improving the long-distance transmission network, but much work still needs to 
be done.

− As a result of the edict, global capacity forecasts for the year have been slashed.
− Wood Mackenzie's GTM Research has reduced its estimate of fresh Chinese PV demand in 2018 to 28.2 

gigawatts (GW) from a previously anticipated 48.2GW.
− Accordingly, the firm's global PV demand forecast for 2018 has been cut to 85.2 GW from 103.5 GW.

Petroleum Economist August 10, 2018

http://www.ndrc.gov.cn/gzdt/201806/t20180601_888639.html
https://www.woodmac.com/our-expertise/capabilities/power-and-renewables/gtm-research/
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German States to Put Brakes On Green Energy
The German chancellor, Angela Merkel, has hammered out a deal with state premiers on 
the latest reform to Germany’s renewable energy law aimed at curbing the costs and 
controlling the speed of the roll-out of green power sources.

− Generous green subsidies have led to a boom in renewable energy
− That rapid expansion has pushed up electricity costs and placed a strain on its grid.

− Cap the expansion of onshore wind power at 2.8 GW in capacity per year
− Limited of new capacity will be permitted in north Germany to avoid overburdening the grid

− The latest reforms are aimed at slowing the growth in renewables, which accounted for around a 
third of Germany’s electricity last year, up from 28% in 2014.

− The government will have to put the brakes on growth to avoid overshooting production target of 40-
45%  renewables of total electricity by 2025

− One of the biggest sticking points in the talks was a plan to limit the amount of onshore wind, with 
critics saying this would endanger Germany’s long-term energy goals and put jobs in the sector at 
risk.

− The government and states failed to agree on upper limits for biomass, which is important in the 
southern state of Bavaria, but are expected to be able to clear up this point.

− The draft law is due to come into force at the start of 2017.
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The World Continues to Electrify
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China’s Energy Needs Forecast

Note Slide 10

10Gt

9Gt
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India Emerges as Largest Energy Growth Market
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EU Leads Transition to Lower Carbon Economy
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U.S. Extends Leads in O&G Production
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Regional Differences in Fuel Mix
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Africa’s Increasing Role
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Bloomberg Energy News – (1)
− “We claim solar and wind have already won the race…”

– well situated and equipped wind farms and solar parks are already as cheap as, or cheaper than, fossil fuel 
alternatives, almost everywhere.

− China to Dominate Energy Storage
– The key to renewables is being able to store the electricity generated so it can be utilized during the times when 

solar panels and wind turbines are not providing enough to meet demand. Falling prices for lithium ion batteries 
will help put that last piece of the renewable energy revolution in place.

– “Today we can identify 131 GWh of lithium ion battery manufacturing capacity worldwide. The bulk of that is in 
Asia, and almost 60% is in China. By 2021, we expect that GWh number to more than triple, with China 
controlling around 73%. It is clear that China is positioning itself to dominate the global battery market just as it 
cornered the market for PV technology.

– “Following the experience curve, we expect batteries to fall another 54% to $96/kWh in 2025, and 67% to 
$70/kWh by 2030. However there will probably be some bumps along the way – for instance, lithium and cobalt 
prices have tripled in the past 18 months and are set to slow down cost declines in the near term.”

− More Gas-Fired Peaker Plants
– Henbest and his team see more open cycle gas-fired peaker plants becoming part of the energy mix with “730 GW 

of peakers added worldwide between 2025 and 2050.” 
– The losers will be the combined cycle gas turbine facilities that provide baseload power.
– As renewables and battery storage increasingly serve the need for baseload power, those CCGT plants will become 

too expensive to operate.
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Bloomberg Energy News – (2)
− More Electric Cars and More Air Conditioning

– BNEF sees the number of electric cars climbing to 60 million vehicles by 2040. It also expects the demand for 
air conditioning to grow significantly in emerging markets like southeast Asia, India, and South America. 

– Electricity for charging electric cars will grow to 9% of worldwide demand but will be much higher in some 
countries

− BNEF sees a major shift ahead in how consumers use electricity. It expects both commercial 
users of air conditioning and most EV drivers to shift their usage to times of the day when 
power from solar panels is abundant, further lessening the need for baseload power during the 
daytime.

– “We’re already seeing special time-of-use tariffs emerge for EV owners in the U.S. and Europe, and we 
expect this trend to continue. The relative predictability and super-low marginal cost of electricity from PV 
suggests that much of this dynamic EV demand might flow toward the middle of the day.

– “More generally, we think that growing flexibility in demand will fundamentally change the gross load shape. 
No longer will supply have to dispatch and ramp to meet changes in demand, but demand itself will shift to 
meet cheap renewables generation, helping wind and solar to achieve higher shares of the electricity mix.

– ‘By 2050, we’re painting a picture of an electricity system utterly reshaped around cheap wind, solar and 
batteries. These technologies provide bulk electricity and are supported by thermal plants that run at low 
overall capacity factors, but can be dispatched when needed.”
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Bloomberg Energy News – (3)
− Coal is the Biggest Loser

– Coal accounts for 37% of global energy production today. BNEF sees that falling to just 11% by 2050. It will 
peak in China by 2025 as the Chinese continue their quest to replace coal-fired plants in order to clean up the 
skies above. The peak in India is projected for 2033. In the US and Europe, renewables are already shouldering 
coal aside thanks to the cost advantage.

– “In short, coal loses the market for bulk electricity to cheaper renewables, and the market for round-the-clock 
availability to more flexible gas, which better complements variable wind and solar.”

− Renewables Are Not Enough
– All that good news and rosy projections notwithstanding, BNEF admits carbon emissions are not likely to fall 

far enough fast enough to meet the goal of limiting a rise in average global temperatures to less than 2º Celsius.
– “The demise of coal and growth of renewables lowers the carbon intensity of electricity generation all over the 

world. Power sector emissions peak in 2027, the same year as coal-fired electricity generation, before falling at 
2% per year to 2050.

– However, none of this happens fast enough, and the power sector remains on track to outstrip a two-degree 
emissions trajectory by some margin. 

– Even in the unlikely event the world agreed to a coal moratorium and shuttered all plants by 2035, the 
additional gas needed to ensure system security would still produce too many emissions.”

– What is needed, BNEF says is “the next phase of low carbon technology that can offer a zero emissions 
substitute for gas to balance the system and bridge the seasonality gap.” 

– Unfortunately, BNEF’s crystal ball contains no clues as to what that low carbon technology might be. Keep 
following CleanTechnica as we continue following developments that may suggest an answer to that question.
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The Long View

Source: ? The Internet
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EIA Annual Energy Outlook 2018 

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

Values from EIA WW 
Annual Energy 

Outlook 2017 (slide 19)

The U.S. is on the 
6℃ trajectory

9.8GT (3℃)?

5.0GT (4℃)?
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U.S. 2017 Energy Flow – 97.7 Quads

33.6%

68.27%

31.73%

21.0%

49.2%

65.0%

65.1%

Electricity = 37.20 (33.6%)
Residential = 10.70 (65.1%)

Commercial/Industrial = 34.19 (53.3%)
Transportation = 28.10 (21.0%)
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EIA WW Annual Energy Outlook 2017 Reference Case includes CPP

34519.2 MMt = 34.5 Gt
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