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Table S1. HHV, proximate analyses and ultimate analyses of torrefied biomass (dry basis).

Material MJ/kg Proximate Analysis (%) Ultimate Analysis (%) Ref
HHV VM FC ASH C H N [6) S
Acacia mangium (hardwood) 31.70 14.92 80.05 5.03 8358 3.09 084 745 0.01 [19]
Acacia mangium (hardwood) 21.90 70.06 2747 247 5495 547 0.60 3647 0.04 [19]
Ash wood 20.00 7400 2410 190 5190 570 025 4020 0.00 [20]
Ash wood 21.00 6620 3170 210 5540 550 025 36.80 0.00 [20]
Ash wood 24.20 5190 4560 250 6210 510 030 30.10 0.00 [20]
Birch 20.21 88.57 1134 009 4942 638 012 44.07 0.02 [21]
Birch 20.01 87.97 1194 008 4961 616 013 4410 0.02 [21]
Birch 20.78 85.15 1476 009 5125 618 011 4246 0.02 [21]
Birch 20.51 82.64 1727 010 5134 594 013 4259 0.02 [21]
Birch 22.93 7378 2609 013 5692 586 0.09 3713 0.02 [21]
Birch 23.76 88.19 1125 056 4956 6.07 018 43,63 000 [22]
Birch 24.57 83.40 16.04 055 5219 595 023 41.08 000 [22]
Birch 25.33 79.67 19.68 065 5487 576 023 3849 0.00 [22]
Birch 23.68 86.67 1299 034 4921 611 022 4412 0.00 [22]
Birch 24.67 81.37 1841 022 5229 600 026 4124 000 [22]
Birch 25.08 7547 2428 025 5402 582 026 3965 0.00 [22]
Camphorwood 18.90 82.62 1621 117 5042 6.12 041 41.87 0.00 [23]
Camphorwood 20.45 79.20 1936 144 5229 597 030 40.02 000 [23]
Camphorwood 22.35 70.91 2655 254 6037 489 022 3198 0.00 [23]
Cassava rhizome 18.50 70.40 1890 1070 4630 560 088 3640 0.09 [12]
Cassava rhizome 19.18 68.70  20.80 10.50 4930 5.10 096 34.00 0.09 [12]
Cassava rhizome 19.65 6470 2310 1220 49.10 510 094 32,60 0.09 [12]
Cassava rhizome 19.79 65.80 22,60 11.60 50.60 520 097 3150 0.09 [12]
Cassava rhizome 21.12 58.70 2950 11.80 5250 450 1.10 30.00 0.09 [12]
Cedar wood 19.87 81.96 1712 092 5424 571 028 3886 0.00 [23]
Cedar wood 20.61 79.25 1876 199 5235 590 025 3953 0.00 [23]
Cedar wood 23.17 6534 3264 202 5979 517 022 3281 0.00 [23]
Corncob 19.01 74.70 1930 6.00 4820 540 094 3940 0.08 [12]
Corncob 21.28 6420 2830 750 5450 550 120 31.20 0.10 [12]
Corncob 21.45 6190 2990 820 5340 490 120 3220 011 [12]
Corncob 23.83 4940  40.00 10.60 6230 4.60 150 2090 0.10 [12]
Cotton stalk 19.30 74.00 1950 650 4787 584 094 3871 019 [24]
Cotton stalk 19.50 7250 2050 7.00 49.01 563 1.09 3711 022 [24]
Cotton stalk 19.40 7200 2120 6.80 4949 566 1.05 3672 025 [24]
Cotton stalk 21.00 70.00 22.00 800 50.88 567 127 3395 025 [24]
Cotton stalk 20.70 64.00 2700 9.00 5196 555 119 3194 028 [24]
Cotton stalk 21.90 58.50  30.00 11.50 5452 514 135 2717 032 [24]
Cotton stalk 22.00 62.00 28.00 10.00 5328 528 128 2979 030 [24]
Cotton stalk 23.30 53.00 32.00 15.00 5423 495 147 24.06 033 [24]
Cotton stalk 23.10 49.00 38.00 13.00 62.64 491 177 1731 039 [24]
Cotton stalk (dried) 17.09 74.25 1856 719 5192 595 091 34.03 0.00 [25]
Cotton stalk (dried) 18.85 69.76 2032 992 5618 543 083 27.64 0.00 [25]
Cotton stalk (dried) 20.31 56.23 3249 1128 6535 492 096 1749 0.00 [25]
Cotton stalk briquette-bottom 30.54 30.85 59.00 10.15 7866 164 1.11 791 0.54  [26]
Cotton stalk briquette-center 31.47 2391 67.23 887 81.08 201 0.75 6.81 047  [26]
Cotton stalk briquette-top 30.79 39.73 5225 802 7952 260 234 697 0.63 [26]
Cotton stalk particle 29.28 22.32 63.41 1427 6743 135 0.09 1656 030 [26]
Eucalyptus 22.44 66.81 3159 1.60 5688 590 0.00 3562 0.00 [27]
Eucalyptus 23.81 69.78 2822 200 6066 568 000 31.65 0.00 [27]
Eucalyptus 26.70 58.97 3883 220 6787 518 0.00 2455 0.00 [27]
Eucalyptus 20.60 7500 2470 030 5780 490 0.00 37.00 0.00 [28]
Eucalyptus 21.50 7090 2890 020 59.70 470 0.00 3540 0.00 [28]
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Leucaena 24.40 61.80 3670 150 6038 532 099 31.82 0.00 [33]
Loblolly pine chips 22.70 7860 2080 060 5500 594 011 3830 0.00 [34]
Loblolly pine chips 24.00 7640 2280 080 5730 579 014 36.00 0.00 [34]
Loblolly pine chips 26.30 5990 3860 140 6580 487 028 2760 0.00 [34]

Mesquite 20.38 7429 2320 245 5569 561 080 3542 004 [31]

Mesquite 20.81 7303 2449 251 5612 560 085 3489 005 [31]

Miscanthus 18.90 7280 2380 340 4920 580 025 4140 000 [20]
Miscanthus 21.30 6270 3320 400 5460 550 030 3560 0.00 [20]
Miscanthus 24.60 4650 4770 580 6300 500 035 2600 0.00 [20]
Miscanthus 19.90 8330 1570 050 4880 590 020 4470 0.00 [35]
Miscanthus 21.40 8190 1750 070 4960 590 030 4380 0.00 [35]
Miscanthus 25.70 6890 3030 090 6120 530 040 3260 0.00 [35]
Miscanthus 20.30 84.80 1420 090 4960 570 0.10 4320 0.00 [35]
Miscanthus A 21.60 6524 3333 143 5500 572 0.00 3785 0.00 [36]
Miscanthus B 20.60 7820 2047 133 5299 592 000 39.76 0.00 [36]
Miscanthus D 24.50 6160 3645 195 6216 559 0.00 3030 0.00 [36]
Miscanthus giganteus 19.10 82.30 1335 435 4656 586 035 4287 0.00 [37]
Miscanthus giganteus 19.37 81.74 1337 490 4736 573 044 4158 0.00 [37]
Miscanthus giganteus 20.43 81.43 1269 588 4751 540 045 4075 000 [37]
Miscanthus giganteus 19.45 80.35 1479 486 4928 527 050 40.09 0.00 [37]
Miscanthus giganteus 21.81 7984 1441 575 4984 522 059 3859 0.00 [37]
Miscanthus giganteus 21.57 6487 2723 790 52.88 455 055 3412 000 [37]
Oil palm fibre 20.10 6390 2730 890 5280 510 130 3170 020 [28]

Oil palm fibre 21.40 56.60 3240 11.00 5490 500 150 2750 0.10 [28]

Oil palm fibre 23.40 4130 4440 1430 6130 430 1.40 1850 0.20 [28]

Oil palm fibre 23.70 3280 5240 1480 6550 340 190 1420 020 [28]

Oil palm fibre 23.90 29.10 5530 1550 6640 330 1.80 1270 0.10 [28]

Oil palm fibre 20.30 3920 4480 16.00 5690 290 230 21.70 020 [28]

Oil palm fibre 18.90 3390 4620 1990 56.00 230 250 19.00 020 [28]

Oil palm fibre 19.10 3230 4570 2210 5590 210 270 1690 020 [28]

Oil palm fibre 17.50 2940 4410 2660 5330 1.80 330 1470 030 [28]

Oil palm fibre 14.90 2530 3840 3640 5050 200 410 680 020 [28]

Oil palm frond 20.20 7090 2470 450 5270 560 026 3690 007 [12]

Oil palm frond 21.21 6640 2860 500 5520 520 027 3420 008 [12]

Oil palm frond 21.95 6350 3110 540 5640 490 032 3290 007 [12]

Oil palm frond 2248 61.00 3340 560 5840 5.00 036 3060 0.07 [12]

Oil palm frond 24.41 53.00 4060 640 6320 470 035 2530 0.08 [12]

Olive stone (Olive europaea) 22.00 7710 2253 037 5504 580 017 38.60 0.02 [19]
Olive stone (Olive europaea) 33.30 1598 8274 128 8628 332 046 865 001 [19]
Olive stones 20.67 60.78 2317 16.05 40.13 428 193 3761 0.00 [38]

Palm kernel shells 21.53 6740 2480 780 5431 507 046 3236 0.00 [39]
Palm kernel shells 21.89 63.80 2830 790 5535 488 046 3141 0.00 [39]
Palm kernel shells 24.18 51.10 3940 950 60.64 434 054 2498 0.00 [39]
Palm kernel shells 20.92 6891 2559 550 5496 593 0.60 33.01 0.00 [40]
Palm kernel shells 21.38 6145 3173 682 5570 510 0.60 31.78 0.00 [40]
Palm kernel shells 20.99 5472 3727 801 5391 537 0.89 3182 0.00 [40]
Palm kernel shells 21.77 51.11 4024 865 5631 556 078 2870 0.00 [40]
Pine 19.60 79.10 2090 040 5140 6.00 0.10 4250 0.00 [20]

Pine 20.60 7400 2550 050 5460 580 0.10 39.10 0.00 [20]

Pine 22.70 6530 3420 050 5950 550 0.10 3450 0.00 [20]

Pine 20.48 83.87 1602 011 5222 518 055 4194 0.00 [41]

Pine 22.23 7566 2416 018 5733 495 037 3717 0.00 [41]

Pine 22.54 69.53 3021 026 59.03 478 034 3559 0.00 [41]

Pine 29.10 46.23 5332 044 6843 431 035 2647 0.00 [41]

Pine 29.28 4510 5441 049 6920 428 032 2571 0.00 [41]

Pine 29.87 3556 6394 050 7139 380 031 2400 0.00 [41]

Pine shells 23.52 7010 27.88 2,02 5330 539 039 3890 000 [38]

Pinus illiotis (softwood) 21.80 7329 2585 086 5711 576 048 3577 0.02 [19]
Pinus illiotis (softwood) 30.70 2572 7256 172 7824 352 0.60 1592 0.01 [19]
Residue (Eucalyptus saligna) 22.50 69.86 2811 203 5704 564 0.67 3458 0.04 [19]
Residue (Eucalyptus saligna) 32.10 1566 8073 3.61 8531 320 089 697 002 [19]
Residues (Norwegian forest) 20.56 7238 2534 238 5113 593 049 4026 007 [42]
Residues (Norwegian forest) 2291 6431 3284 285 5684 551 0.61 3429 006 [42]
Rice husk 16.63 65.05 19.87 15.09 4238 533 057 3645 0.18 [43]

Rice husk 16.92 60.78 2303 1619 4417 542 0.69 3336 0.17 [43]
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Rice husk 1753 5483 2764 1754 4607 486 070 3068 0.5 [43]

Rice husk 1795 4006 37.68 2226 5015 432 071 2238 018 [43]

Rice husk (raw charred) 1768 1417 4078 4505 4473 180 073 7.69 000 [44]

Rice husk (torrefied 1855 1330 4443 4227 4889 185 086 613 000 [44]
and charred)

Rice husk (torrefied
and washed)
Rice husk (Torrefied) 18.73 59.16 20.66 20.18 4745 426 041 2768 0.03 [44]
Rice husk (torrefied,
washed and charred)
Rice husk (washed and charred) 17.52 15.19 40.81 44.00 4444 181 0.83 892 0.00  [44]

18.53 63.44 1712 1944 4586 589 040 2840 0.02 [44]

18.12 15.94 4224 4182 4596 195 0.75 9.52 0.00  [44]

Rice husk (washed) 1703 7168 1285 1547 3993 643 030 3783 004 [35]
Rice husk briquette 2451 1877 3361 4762 4709 053 006 431 038  [26]
Rice husk particle 2296 2694 2985 4320 4878 113 007 632 049  [26]
Rice straw 1738 6890 1620 1490 4580 550 090 3280 0.09 [12]
Rice straw 1845 6250 1960 1790 4740 490 097 2880 008 [12]
Rice straw 1878 5980 2170 1850 4910 510 098 2620 007 [12]
Rice straw 1889 5890 2220 1890 4690 500 100 2810 007 [12]
Rice straw 2073 4600 3000 2400 5140 440 120 1890 007 [12]
Rice straw 2030 7750 1800 450 5119 604 024 3772 029 [25]
Rice straw 2130 7500 1970 530 5114 589 025 3712 029 [24]
Rice straw 2140 7450 2000 550 5141 571 026 3686 028 [24]
Rice straw 2120 7200 2180 620 5131 577 021 3621 026 [24]
Rice straw 2260 6900 2650 450 5740 563 028 3209 016 [24]
Rice straw 2460 6200 3200 600 5706 558 029 3093 017 [24]
Rice straw 2650 5800 3700 500 57.38 557 029 3164 012 [24]
Rice straw 2850 4400 4800 800 60.08 547 029 2613 012 [24]
Rice straw 2860 4350 4900 750 6614 490 040 2091 013  [24]
Softwood (mixture of spruce, pine ) o0 796r 028 010 5455 629 000 3906 000 [27]
and larch)
Softwood (mixture of spruce, pine ) 33 g7 2163 030 5553 608 000 3809 000 [27]
and larch)
Softwood (mixture of spruce, pine 3 ¢ 151 9509 040 5847 598 000 3516 000 [27]
and larch)
Spruce 2205 7565 2415 020 5533 573 009 3880 000 [45]
Spruce 2235 8256 1736 008 5527 599 007 3867 000 [45]
Spruce 264 8151 1839 010 5575 605 006 3814 000 [45]
Spruce 2081 8572 1417 011 5134 618 007 4242 002 [21]
Spruce 2102 8464 1522 014 5121 639 006 4235 002 [21]
Spruce 2133 8392 1595 012 5255 615 006 4123 002 [21]
Spruce 2151 8187 1804 009 5369 58 006 4036 002 [21]
Spruce 2297 7474 2512 014 5699 587 007 3707 002 [21]
Spruce 2526 8240 1706 054 5379 603 014 3951 000 [22]
Spruce 2605 8076 1872 052 5656 585 016 3690 000 [22]
Spruce 2659 7482 2468 050 5911 552 017 3470 000 [22]
Spruce 2491 8229 1736 035 5299 598 012 4056 000 [22]
Spruce 2589 7879 2100 021 5612 585 014 3769 000 [22]
Spruce 2645 7283 2696 021 5848 560 014 3558 000 [22]
Spruce (Norwegian) 16.55 7519 2433 048 5272 588 0.06 4086 0.03 [42]
Spruce (Norwegian) 19.53 80.21 1937 044 4886 6.08 005 4457 0.03 [42]
Spruce wood 2059 8400 1570 030 5140 590 010 4230 000  [46]
Spruce wood 2142 8030 1930 040 5360 590 010 4000 000  [46]
Spruce wood 2214 7750 2210 040 5520 570 010 3860 000 [46]
Spruce wood 2219 7730 2230 040 5520 560 010 3870 000 [46]
Spruce wood 2233 7620 2340 040 5580 580 010 3790 000 [46]
Spruce wood 2759 5150 4780 070 6920 500 010 2500 000 [46]
Sugar cane 1876 7380 1860 760 4790 560 049 3820 018 [12]
Sugar cane 2001 6670 2380 950 5090 540 030 3370 017 [12]
Sugar cane 2001 6740 2300 9.60 5170 520 034 3300 021 [12]
Sugar cane 2165 5840 3170 990 5650 510 046 2780 023 [12]
Switch grass 2711 6752 2751 498 5621 444 042 3281 114 [47]
Switch grass 2353 7899 1738 363 5087 556 031 3814 148 [47]
Switch grass (densified and 227 6263 3145 591 4901 483 037 3890 099 [47]
torrefied)

Wheat straw 18.10 65.60 2500 940 4740 550 1.00 36.80 0.00 [20]
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Wheat straw 2070  51.80 3590 1240 5290 500 120 2850 0.00 [20]
Wheat straw 2300  39.80 4510 1520 5700 450 140 2190 0.00 [20]
Wheat straw 1940 5550 2422 2028 3508 343 064 4058 000 [38]
Willow 209 7343 2607 050 5532 597 000 3821 000 [27]
Willow 264 7189 2741 070 5650 586 000 3704 000 [27]
Willow 2393 6250 3640 110 5944 574 000 338 000 [27]
Willow A 21.80 7403 2382 215 5529 607 081 3572 0.00 [36]
Willow B 21.00 7743 2104 153 5347 591 075 3830 0.00 [36]
Willow D 2360 6834 2983 184 5919 569 035 3279 000 [36]
Table S2. HHV, proximate analyses and ultimate analyses of raw biomass (dry basis).
. MJ/kg Proximate Analysis (%) Ultimate Analysis (%)
Material HHV VM FC ASH C H N 0 g Ret
Acacia mangium 1950 8394 1494 112 4893 606 043 4344 002  [19]
(Hardwood)
Alabama oak wood waste ~ 19.23 7470 2190 330 4950 570 020 4130 000  [7]
Alfalfa stems 1867 7892 1581 527 4717 599 268 3819 020  [9]
Almond 2001 7683 2154 163 5130 529 066 4090 001 [7]
Almond hulls 1889 7380 2007 613 4753 597 113 3916 006  [9]
Almond shells 1949 7600 2071 329 4930 597 076 4063 004  [9]
Akhrot shell 2001 8055 1865 071 5022 570 000 4337 000  [2]
Ash wood 1810 8210 1620 170 4920 560 020 4330 000  [20]
Bagasse 1733 7378 1495 1127 4480 535 038 3855 001  [2]
Bamboo 1755 7583 2055 362 4384 605 007 4653 000  [48]
Bamboo (Bambusa vulgaris) 14 7986 1819 195 4601 624 018 4563 000  [49]
bottom
Bamboo (Bambusavulgaris) - 1q,7  g114 1743 143 4637 633 018 4570 000  [49]
middle
Bamboo (Bambusavulgaris) - 1a51 go13 1775 212 4579 624 024 4560 000  [49]
mixture
Bamboo (B “fo)”” vulgaris) yga7 7908 1852 240 4535 619 026 4579 000  [49]
Bamboo leaf 1776 7167 831 2002 3981 568 326 3132 000  [50]
Bamboo wood 2055 8680 1124 195 4876 632 020 4277 000  [2]
Banana leaf 1918 8035 934 1031 4454 574 190 3752 000  [50]
Banyan 1846 8021 1864 115 4620 608 008 4653 000  [48]
Biomass mix 1840 6936 1814 1249 4959 579 243 2887 074  [9]
Birch 1994 8946 1026 028 4849 635 011 4460 002  [21]
Birch 1950 8974  9.63 064 4824 615 016 4480 002  [22]
Birch (Norwegian) 2036 8946 1026 028 4894 635 011 4460 002  [51]
Block wood 1826 8332 1459 209 4690 607 095 4399 000  [7]
B-wood 2005 7653 2162 185 5026 691 103 39.66 000  [9]
Cabernet sauvignon 19.03 78.63 19.20 217 46.59 5.85 0.83 44.90 0.04 [7]
Camphorwood 1886 8551 1342 107 4766 602 069 4455 000  [23]
Canyon live oak 1898 8820 1130 050  47.84 580 007 4576 001  [7]
Cassava rhizome 1722 7600 1900 500 4920 670 100 3800 011  [12]
Caster bean cake 19.12 69.80 21.41 8.79 4032 541 722 3825 0.00 [23]
Casuarina equisetifolia leaf 1848 7950 1646 393 4612 690 118 4184 000  [9]
Casuarina wood 1877 7858 1958 183 4850 624 031 4312 000  [2]
Cedar wood 1957 8186 1725 089 4851 586 064 4409 000  [23]
Chaparral wood 1861 7519 1868 613 4690 508 054 4117 003  [2]
Coconut coir 2005 6658 2970 372 5029 505 045 4063 016  [7]
Coconut coir 1908 7923 1785 292 4633 374 146 4556 000  [50]
Coconut coir pitch 1807 6602 2882 516 4336 498 163 4487 000  [2]
Coconut leaf 2083 8075 1292 633 4789 619 166 3793 000  [50]
Coconut shell 2050 7719 2210 071 5022 570 000 4337 000  [2]
Coffee husk 1980 7850 1910 240 4750 640 000 4370 000  [9]
Corn stover 1793 6658 2665 673 4548 552 069 4152 004  [9]
Corn straw 1768 7315 1919 765 4473 587 060 4104 007  [9]
Corncob 1906 8050 1750 200 4970 590 038 4200 003  [12]
Corncob 1851 8010 1780 210 4660 597 049 4484 000  [39]
Corncob 1877 8010 1854 136 4658 587 047 4546 001  [7]
Corncob 1700 8650 1250  1.00  49.00 540 004 4460 000  [7]
Corncob 1876 8825 951 223 4377 467 117 4816 000  [50]
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Cotton gin waste
Cotton residue
Cotton stalk
Cotton stalk
Cotton stalk
Cotton stalk (dried)
Cotton stalk briquette
Cotton stalk particle
Cotton gin trash
Dal lake weed
Douglas fir pellet
Douglass fir
Douglass fir wood
Dried grains-solubles
Esparto plant
Eucalyptus saligna
(hardwood)
Eucalyptus
Eucalyptus
Eucalyptus globulus wood
Eucalyptus grandis
Eucalyptus saw dust
Eucalyptus wood
Grape pomace
Groundnut shell
Hardwood (mixture of oak
and birch)
Hardwood chips
Hazelnut shell
Ipil ipil
Jackfruit leaf
Jawar straw
Jujuba wood
Juniper
Lauan wood
Lawn grass
Leucaena
Leucaena
Loblolly pine
Loblolly pine chips
Macadamia shell
Mango leaf
Mango wood
Marabu
Mast tree leaf
Mesquite
Mulberry stick
Millet grain waste
Millet straw
Miscanthus
Miscanthus
Miscanthus
Miscanthus giganteus
Narrow-leaf cattail
Neem wood
Oak wood (large branch)
Oak wood (medium
branch)

Oak wood (small branch)
Oil palm fiber
Qil palm frond
Oil palm fruit bunch
Olive cake
Olive kernel
Olive kernel

17.48
16.90
16.90
15.83
17.40
16.53
18.64
19.32
16.42
8.89
20.38
22.10
20.38
21.75
19.10

19.60

18.40
20.17
19.23
19.35
18.50
18.64
20.04
19.85

18.17

19.48
19.90
20.22
17.03
17.95
19.77
20.18
20.41
17.66
20.30
20.30
21.77
20.00
21.01
18.83
19.17
20.72
22.37
19.76
18.36
15.21
18.05
17.90
17.47
11.81
18.36
16.27
20.26
19.17

19.24

19.20
17.10
18.21
16.96
21.60
22.40
19.90

83.41
72.80
76.80
65.40
76.10
75.38
79.13
82.34
67.30
47.70
79.93
73.00
87.30
82.50
80.50

82.55

81.10
79.11
81.60
82.55
83.60
75.35
72.60
72.70

82.62

84.74
68.90
79.90
70.05
75.97
83.63
82.85
81.12
74.94
86.10
87.30
65.70
84.60
75.92
73.87
85.64
81.30
84.00
78.22
75.10
77.10
78.28
82.20
87.50
54.40
91.16
79.19
85.86
81.75

80.82

77.45
72.50
79.10
79.00
62.10
65.01
73.62

14.97
20.59
16.80
17.30
18.80
18.09
17.50
15.73
15.10
3.60
19.85
25.80
12.60
13.64
16.80

16.66

18.90
19.29
17.30
16.93
16.20
21.30
21.90
21.60

16.78

14.83
30.00
17.70
13.67
15.15
14.14
15.19
18.61
12.39
13.10
12.20
33.90
14.80
23.68
14.75
11.36
17.20
10.74
19.76
22.80
14.50
16.45
15.10
11.70
5.70
4.36
10.39
12.19
16.18

16.18

18.50
20.50
16.90
16.46
34.60
33.37
24.25

1.61
6.61
6.45
17.30
5.10
6.53
3.37
1.93
17.60
48.70
0.22
1.20
0.10
3.89
2.20

0.79

0.01
1.60
1.10
0.52
0.20
3.35
5.40
5.70

0.70

0.65
1.10
2.40
16.28
8.88
2.32
2.03
0.27
12.67
0.80
0.50
0.40
0.60
0.40
11.38
2.98
1.50
5.26
1.98
2.10
8.40
5.27
2.70
0.80
39.90
4.47
10.42
1.93
2.07

3.00

4.05
7.00
4.00
4.53
2.80
1.70
2.13

42.66
47.30
42.10
39.47
47.07
48.43
49.93
50.72
39.59
19.12
47.90
56.20
50.64
50.24
46.94

49.79

50.79
48.51
48.18
48.33
49.37
46.04
46.45
48.59

46.47

55.04
50.34
48.30
42.33
42.10
47.63
52.36
48.64
37.79
49.70
49.85
56.30
50.50
54.41
43.89
46.24
48.60
50.60
51.60
4423
40.56
43.71
48.40
46.70
30.11
45.50
39.66
48.26
47.56

47.16

48.76
48.27
44.80
45.90
53.70
54.60
52.44

6.05
5.96
5.64
5.07
4.58
6.93
5.73
5.32
5.26
2.00
6.55
5.90
6.18
6.89
6.44

6.02

5.10
6.40
5.92
5.89
6.40
5.82
5.96
5.64

5.86

5.36
5.84
6.80
4.70
5.60
6.12
6.03
6.75
5.46
7.34
7.36
5.60
6.26
4.99
4.57
6.08
6.30
5.93
5.89
6.61
5.26
5.85
5.80
6.00
3.97
591
5.18
6.27
6.67

6.32

6.35
4.46
5.50
5.80
6.70
6.80
6.17

0.18
1.79
0.22
1.20
1.15
0.93
0.27
0.46
2.09
422
0.08
0.00
0.06
4.79
0.86

0.37

0.00
0.00
0.39
0.15
2.02
0.30
217
0.58

0.10

0.01
0.40
0.00
3.12
0.04
0.15
0.30
0.10
2.34
0.69
0.63
0.00
0.09
0.36
1.59
0.28
0.00
2.69
0.73
0.51
0.40
0.01
0.20
0.20
0.84
0.38
0.93
0.08
2.34

2.50

2.70
223
0.31
1.20
0.60
0.80
1.32

49.50
38.42
45.28
37.14
42.10
37.18
39.16
41.50
35.38
25.96
45.57
36.70
43.00
33.42
43.56

42.95

44.10
43.59
44.18
45.13
42.01
44.49
40.03
39.49

46.87

38.95
42.33
42.50
33.57
43.38
43.78
39.30
44.24
41.74
41.47
41.59
37.70
42.60
39.69
38.57
44.42
43.60
35.52
39.76
46.25
45.50
45.16
42.90
45.67
25.18
43.73
43.81
43.46
41.36

41.01

40.38
37.76
45.30
42.60
36.20
36.10
37.85

0.00
0.19
0.28
0.02
0.00
0.00
1.54
0.07
0.00
0.00
0.00
0.00
0.02
0.77
0.00

0.08

0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.28
0.12
0.00
0.00
0.00
0.09

(7]
(%]
[24]
(7]
(%]
[25]
[26]
[26]
(7]
(7]
[52]
(7]
(2]
(%]
(%]

[19]

[28]
[27]
(2]
(71
(71
(71
[30]
(2]

[27]

%1
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Olive kernel shell 21.40 60.50 36.10 3.30 53.20 6.70 0.50 36.30 0.00 [9]
Olive pits 21.59 82.00 16.28 1.72 52.80 6.69 0.45 38.25 0.05 [9]
Olive stone (Olive europaea) 20.50 82.41 17.22 0.37 51.62 597 025 41.78  0.01 [19]
Olive stones 17.54 63.80 21.74 14.46 36.95 4.79 1.63 42.17 0.00 [38]
Paddy straw 14.52 72.70 11.80 15.50 35.97 5.28 0.17 43.08 0.00 [7]
Palm kernel shells 20.42 75.20 18.30 6.50 50.86 5.52 0.37 36.75 0.00 [39]
Palm kernel shells 17.93 75.00 20.58 4.40 51.83 6.28 0.44 37.03 0.00 [40]
Palm kernel shells 20.71 77.28 17.59 5.14 48.34 6.20 2.62 37.44 0.26 [9]
Peach pit 19.42 79.10 19.80 1.10 48.60 6.27 0.47 43.04 0.02 [7]
Peanut shell 18.60 84.90 13.40 1.70 4659 6.00 206 4365 0.00 [9]
Pennisetum 16.98 93.34 0.67 5.99 4374 598 024 4406 000 [55]
Pepper plant 15.39 64.71 20.86 14.44 36.11 426 272 4186 049 [9]
Pine 19.20 86.70 12.90 0.40 51.30 6.00 010 4230 0.00 [20]

Pine 18.44 92.23 7.71 0.05 4673 646 041 4635 0.00  [41]

Pine 18.44 92.23 7.71 0.05 4673 646 041 4635 0.00  [41]

Pine chips 19.79 72.40 21.65 5.95 4966 567 051 3807 0.08 [9]

Pine chips 18.46 85.98 13.76 0.27 4721 6.64 017 4576  0.00  [56]

Pine shells 18.82 68.41 30.08 1.51 47.08 552 030 4560 0.00 [38]
Pinus illiottis (softwood) 20.00 82.10 17.20 0.70 51.10 614 041 4156  0.09 [19]
Pistachio shell 19.26 82.03 16.84 1.13 48.79 591 0.56 43.41 0.01 [7]
Pistachio shell 18.22 81.64 16.95 1.41 50.20 6.32 0.69 41.15 0.22 [9]
Plywood 18.96 82.14 15.77 2.09 48.13 5.87 1.45 42.46 0.00 [2]
Poplar (hybrid) 19.02 84.81 12.49 2.70 50.18 6.06 0.60 4043  0.02 [9]
Rape stalk 18.98 77.27 19.53 3.20 47.53 6.20 0.37 42.46 0.00 [57]
Rape straw 18.34 76.54 18.81 4.65 46.17 6.12 0.46 42.47 0.10 [9]

Red wood 20.72 79.72 19.92 0.36 50.64 598 005 4288 0.03 [7]
Refused derived fuel 19.50 72.00 17.60 10.40 4472 621 069 3836  0.00 [2]
Residue (Eucalyptus saligna) 19.50 80.98 17.76 1.26 49.66 6.09 0.54 42.39 0.06 [19]
Residue (forest) 19.50 79.80 20.00 0.20 53.16 6.25 0.30 40.00 0.09 [9]
Residue (logging chips) 18.79 82.17 16.07 1.77 47.29 6.20 0.42 44.19 0.00 [56]
Residue 1 (forest) 18.80 83.00 15.10 1.90 50.82 5.69 0.00 41.50 0.00 [58]
Residue 2 (forest) 19.00 80.30 15.00 4.70 48.70 5.53 0.00 41.07 0.00 [58]
Residue 3 (forest) 18.70 8240 15.90 1.70 5023 570 0.00 4237 000 [58]
Residue 4 (forest) 19.40 82.90 14.50 2.60 49.87 5.75 0.00 41.78 0.00 [58]
Residue 5 (forest) 18.60 79.30 17.80 2.90 5049 573 000 4088 0.00 [58]
Readuefsoiiz)r wegtan 1952 7474 2294 234 4758 610 048 4362 007  [42]
Rice husk 15.16 64.89 19.83 15.23 42.13 5.40 0.55 36.47 0.17 [43]

Rice husk 16.58 70.60 12.87 16.53 39.37 5.13 0.32 38.59 0.06 [44]

Rice husk 14.69 61.81 16.95 21.24 38.50 5.20 0.45 34.61 0.00 [2]

Rice husk 16.47 61.20 16.30 22.50 38.20 5.60 0.00 33.70 0.00 [9]

Rice husk 17.40 80.45 8.60 10.95 41.20 6.13 0.22 41.11 0.00 [59]

Rice husk bran 15.29 61.83 19.53 18.64 38.92 5.12 0.55 36.77 0.00 [2]
Rice husk briquette 16.01 68.05 16.03 15.92 45.02 4.05 0.61 34.30 0.09 [26]
Rice husk particle 16.36 82.77 5.84 11.39 45.93 5.02 0.38 37.03 0.24 [26]
Rice husk patni-23 15.67 69.30 14.90 15.80 38.92 5.10 217 37.89 0.12 [2]
Rice husks 16.67 68.00 15.40 16.60 41.20 5.25 0.42 36.53 0.00 [39]

Rice straw 17.20 71.80 17.00 11.20 45.30 5.90 0.88 36.60 0.15 [12]

Rice straw 19.00 79.60 15.90 4.09 43.16 5.78 0.22 46.42 0.29 [24]

Rice straw 14.85 65.70 13.91 20.38 35.68 4.62 0.28 39.14 0.00 [2]

Rice straw 15.09 65.47 15.86 18.67 38.24 5.20 0.87 37.26 0.18 [9]

Rice straw 15.07 63.61 6.88 29.51 34.81 441 1.21 30.07 0.00 [50]

Rice straw 17.10 71.70 18.58 9.72 4368 570 097 3972 021  [60]

Rice straw 16.16 88.78 1.43 9.82 4170 560 1.19 4169 000  [55]

Rice straw 18.04 72.54 18.40 9.05 4110 535 1.09 4317 000 [57]

Sal seed husk 20.60 62.54 28.06 9.40 4812 655 000 3593 0.00 [7]
Senna leaves 18.13 57.20 25.50 17.30 3620 472 429 37.49 0.00 [7]
Shea meal 19.80 66.30 28.70 5.00 4856 586 288 3770 0.00 [9]

f i £
Softwood (mixture o 1838 8292 1698 010 4665 589 000 4735 000  [27]
spruce, pine and larch)

Soplillo 22.58 77.80 20.70 1.50 4880 650 0.00 4320 0.00 [9]
Spire-mint 15.53 70.10 11.80 18.10 3723 534 595 3338 0.00 [7]
Spruce 20.42 86.50 13.27 0.23 50.31 624 007 4338 0.00 [45]
Spruce 20.42 86.50 13.27 0.23 50.31 624 007 4338 0.02 [21]

Spruce 20.70 85.18 14.14 0.68 5096 618 0.12 42.06  0.02 [22]
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Spruce (Norwegian)
Spruce (Norwegian)
Spruce wood
Subabul fresh wood
Subabul wood
Sudan grass
Sugar cane
Sugar cane leaves
Sugar cane straw
Sugarcane bagasse
Sugarcane bagasse
Sugarcane bagasse
Sugarcane residue
Sunflower seed shell
Sweet sorghum bagasse
Switch grass
Switch grass
Switch grass (densified
raw)

Tan oak
Tea bush
Tea waste
Vine prunings
Walnut
Water hyacinth
Western hemlock wood
Wet grains
Wheat straw
Wheat straw
Wheat straw
Wheat straw
White fir
Willow
Willow
Willow wood
Wood chips

19.89
19.05
20.29
19.70
19.78
17.39
17.94
17.41
17.19
18.37
17.70
17.32
17.80
17.60
18.68
20.60
18.06

19.14

18.93
19.84
17.10
19.25
19.97
16.65
20.05
21.95
16.80
19.00
17.00
17.99
19.95
19.30
18.45
19.59
19.92

86.50
81.24
85.00
83.60
80.05
72.75
73.80
77.40
76.20
83.66
81.50
82.60
93.60
84.70
79.16
80.63
76.69

80.23

90.60
76.50
85.00
80.80
78.50
76.85
82.93
83.18
76.30
71.24
63.00
82.12
83.17
83.98
83.18
82.22
76.40

13.27
18.38
14.60
15.20
18.30
18.60
17.90
14.90
14.60
13.15
13.30
14.70
3.65

11.70
16.20
15.87
14.34

16.15

9.20
21.80
13.60
16.60
20.80
12.17
14.87
14.28
15.70
12.62
23.50
10.98
16.58
15.12
16.13
16.07
23.50

0.23
0.38
0.40
1.12
1.20
8.65
8.30
7.70
9.20
3.20
5.20
2.70
2.50
3.60
4.64
3.50
8.97

3.62

0.20
1.70
1.40
2.60
0.70
10.98
2.20
2.58
8.00
16.14
13.50
6.90
0.25
0.50
0.69
1.71
0.10

50.31
47.20
50.40
46.24
48.15
44.58
47.40
39.75
43.50
45.48
43.79
47.20
49.19
49.84
41.48
45.71
46.68

45.40

48.67
47.67
48.60
49.48
48.20
37.42
50.40
52.53
45.30
33.04
45.50
42.95
49.00
49.25
45.80
49.90
48.10

6.24
6.21
5.90
5.80
5.87
5.35
5.90
5.55
6.10
5.96
5.96
7.00
6.94
5.98
5.34
6.38
5.82

5.72

6.03
6.13
5.50
5.65
6.25
3.30
5.80
6.60
5.60
4.36
5.10
5.35
5.98
6.07
6.24
5.90
5.99

0.07
0.02
0.10
0.25
0.03
1.21
0.55
0.17
0.00
0.15
1.69
0.00
0.43
0.96
0.27
0.60
0.77

0.28

0.06
1.33
0.50
0.88
1.61
2.04
0.10
5.35
0.90
0.42
1.80
0.00
0.05
0.20
0.09
0.61
0.08

43.38
46.18
43.20
46.59
44.75
40.18
37.70
46.82
41.10
4521
43.36
43.10
40.45
39.62
48.15
4243
37.38

43.80

44.99
43.16
44.00
41.40
43.24
46.27
41.80
32.28
40.20
46.04
34.10
44.99
44.75
44.18
47.20
41.80
45.74

0.02
0.03
0.00
0.00
0.00
0.01
0.15
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.12
1.38
0.19

1.20

0.04
0.00
0.00
0.00
0.00
0.00
0.10
0.66
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.07
0.00

[51]
[42]
[46]
(2]
(7]
(7]
[12]
(7]
(%]
(2]
(%]
(%]
[59]
(%]
[53]
[47]
(%]

[47]

(71
(71
(71
[39]
(71
[50]
(2]
(%1
[20]
[38]
(7
(2]
[
[27]
[48]
(%]
(71
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