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Lithium-ion battery(Wikipedia)

Invention and development
1985 — Akira Yoshino assembled a prototype cell using carbonaceous material into which
lithium ions could be inserted as one electrode, and lithium cobalt oxide (LiCoO2) as the

other. This dramatically improved safety. LiCoO2 enabled industrial-scale production and

enabled the commercial lithium-ion battery.

1989 — Goodenough and Arumugam Manthiram showed that positive electrodes containing
polyanions, e.g., sulfates, produce higher voltages than oxides due to the induction effect of
the polyanion.

1996 — Akshaya Padhi, KS Nanjundawamy and Goodenough identified LiFePO4 (LFP) as a
cathode material.

1998 — C. S. Johnson, J. T. Vaughey, M. M. Thackeray, T. E. Bofinger, and S. A. Hackney
report the discovery of lithium-rich NMC cathode materials.

2005 - Y Song, PY Zavalij, and M. Stanley Whittingham report a new two-electron vanadium
phosphate cathode material with high energy density

2016 — Z. Qi, and Gary Koenig reported a scalable method to produce sub-micrometer sized

LiCoO2 using a template-based approach.

Commercial production
2012 — John Goodenough, Rachid Yazami and Akira Yoshino received the 2012 IEEE Medal

for Environmental and Safety Technologies for developing the lithium ion battery.



2014 — commercial batteries from Amprius Corp. reached 650 Wh/L (a 20% increase), using
a silicon anode and were delivered to customers.[64] The National Academy of Engineering
recognized John Goodenough, Yoshio Nishi, Rachid Yazami and Akira Yoshino for their
pioneering efforts in the field.

As of 2016, global lithium-ion battery production capacity was 28 gigawatt-hours, with 16.4
GWh in China.
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1986 | 323,010 35976| 8,369 - - - 278,665
1987 422,880 34,348 10,414 - - - 378,118
1988 544,336 36,156(15,052 - - - 493,126
1989 583,007 35404 15336 - - - 532,267
1990 665917 37,127 18,832 - - - 609,898
1991 B11,102 34,499 21,324 - - - 755,279
1992 802,040 32,009(23,407 - - - 744 624
1993 917,565 30,791 1,955 26,937 68,737 - 789,145
1994 1,119,284 30,305| 1,955 27,062 193,863 - 866,090

1995 1,249,599 30,404 2,039 24,137 301,386 29,722 861,911
1996 1,235,740 29,950 | 2,278 20,258 358,079 113,808(711,367
1997 1,528,254 20,998 2420 19,774 579,980 189,407 706,675
1998 | 1,556,263 | 29,435 2,300 16,660 647,566 261,944|598,349
1999 1,886,178 29,920 2,295 14,699 868,848 374,383 596,033
2000 2,154,685 (30,836| 2,699 15426 1,010,581 479,991 615,152
2001 1,688,026 29586 2,915 11,834 655,047 456,513 532,131
2002 1,655,470 |29,431| 2,581 9443 549,535 571,344(493,136
2003 1,608,237 28,924 2,484 8,043 387,045 780,921 400,820
2004 1,588,302 29,234 2,604 7338 319,113 £28,332[401,681
2005 1,664,045 29681 2,982 4,120 320,716 926,502 380,035
2006 | 1,758,864 [30,071| 2,859 4,666 330,513 1,072,501 318,254
2007 1,798,073 29,993 2,913 4630 351,848 1,137,100 271,589
2008 1,931,671 26,899 2968 4,350 407,705|1,256,111(233,638
2009 1,628,383 20,534 4,127 3,601 362,474 1,082,974 154,583
2010 2,020,356 | 23,648 4,601 3,560 4491221317 624(221,.801

2011 1,847,264 22,933 8,215 -| 410,446 1,218,342 187,328
2012 | 1,634,608 |24,448| 8,343 -| 453,185 970,268 178,384
2013 1,479,371 24,107 8,065 -| 455,132 844,622 147,445
2014 1,520,426 24,053 8,142 -1 432,936| 955644 99,651
2015 1,591,560 23,633 7,684 -| 434,397 1,031,850 94,005
2016 1,852,555 | 23,855 7,637 -| 478,210|1,277,108| 65,745
2017 1,874,157 24,814 7,721 -| 471,105|1,320,502 50,015
2018 1,884,078 (24,904 7,394 -| 476,441 1,332,424 42,915
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