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Appendix A Productions and products of Finnish pulp and paper industry

Production rates and products are gathered for every mill included in this study. They are presented
in Table S1. Most of the production rates have been found from Finnish Forest Industries’
environmental reports [1]. Production rates in years with inadequate data were estimated utilizing
available data.

Table S1. Products and production rates of Finnish pulp and paper mills [1-23].

Mill  Product 2010 2011 2012 2013 2014 2015 2016 2017
Mill A Other paper 68 75 73 72 68 68 63 63
Mill A Recycled pulp 32 32 34 3 38 38 36 36
Mill B Other paper 70 61 60 71 69 73 73 73
Mill C Other paper 71 61 55 60 51 0 0 0
Mill D Chemical pulp 594 603 606 604 595 595 619 619
Mill E Paperboard 356 341 343 373 368 368 411 411
Mill E Chemical pulp 534 532 539 564 552 552 604 604
Mill F BCTMP 259 246 273 287 303 303 311 311
Mill G BCTMP 247 212 251 296 305 305 327 327
Mill H Paperboard 240 207 261 228 249 249 227 227
MillH Groundwood 77 74 55 34 32 32 20 0
Mill I Other paper (tissue) 125 124 116 113 113 113 111 111
Mill I Recycled pulp 47 47 45 30 25 25 28 28
Mill J Chemical pulp 544 567 573 612 607 607 585 585

Mill K Paperboard 267 193 227 251 260 260 266 266
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Mill AL Chemical pulp 0 0 0 0 0 0 0 975

Appendix B Energy consumption of Finnish pulp and paper industry

Table S2 and Table S3 present gathered specific electricity and heat consumption values. Values are
for the whole mill and different products are not taken into account. Annual consumptions are
calculated utilizing specific energy consumption (SEC) values and annual production rates (Table S1).
Possible changes on SEC values due to mills’ modifications are not included in Tables S2 and S3.

Table S2. Electricity consumption of Finnish pulp and paper mills [6-35].

Mill 2011 2012 2013 2014 2015 2016 2017
Mill A SEC [MWh/t] 193 193 193 193 193 193 193
Mill A Annual consumption [GWh/a] 145 141 139 131 131 122 122
Mill B SEC [MWh/t] 111 111 111 111 111 111 111
Mill B Annual consumption [GWh/a] 68 67 79 77 81 81 81

Mill C SEC [MWh/t] 172 172 172 172 172 172 172
Mill C Annual consumption [GWh/a] 105 95 103 88 0 0 0

Mill D SEC [MWh/t] 062 062 062 062 062 062 0.62
Mill D Annual consumption [GWh/a] 374 376 374 369 369 384 384
Mill E SEC [MWHh/t] 069 0.69 069 0.69 069 069 0.69
Mill E Annual consumption [GWh/a] 369 374 391 383 383 419 419
Mill F SEC [MWh/t] 281 281 281 281 281 281 281
Mill F Annual consumption [GWh/a] 691 767 806 851 851 874 874
Mill G SEC [MWh/t] 271 271 271 271 271 271 271
Mill G Annual consumption [GWh/a] 575 680 802 827 827 886 886
Mill H SEC [MWh/t] 1.81 181 181 1.81 181 1.81 1.81
Mill H Annual consumption [GWh/a] 375 472 413 451 451 411 411
Mill I SEC [MWHh/t] 293 293 293 293 293 293 293
Mill I Annual consumption [GWh/a] 363 340 331 331 331 325 325
Mill J SEC [MWh/t] 070 070 070 070 070 070 0.70
Mill J Annual consumption [GWh/a] 397 401 428 425 425 410 410
Mill K SEC [MWh/t] 087 087 087 087 087 087 0.87
Mill K Annual consumption [GWh/a] 168 197 218 226 226 231 231
Mill L SEC [MWHh/t] 074 074 074 074 074 074 074
Mill L Annual consumption [GWh/a] 135 142 136 144 144 154 154
Mill M SEC [MWh/t] 059 059 059 059 059 059 0.59
Mill M Annual consumption [GWh/a] 297 306 304 297 297 301 0

Mill M SEC [MWh/t] 0.80 080 08 0.80 080 0.80 0.80
Mill M Annual consumption [GWh/a] 164 162 177 182 182 175 175
Mill M SEC [MWh/t] 1.00 100 100 1.00 1.00 1.00 1.00
Mill M Annual consumption [GWh/a] 136 0 0 0 0 0 0

Mill N SEC [MWh/t] 170 170 170 170 170 170 1.70
Mill N Annual consumption [GWh/a] 721 0 0 0 0 0 0

Mill O SEC [MWHh/t] 145 145 145 145 145 145 145
Mill O Annual consumption [GWh/a] 125 120 128 123 123 113 113
Mill P SEC [MWh/t] 037 037 037 037 037 037 037
Mill P Annual consumption [GWh/a] 44 43 43 43 43 44 44

Mill Q SEC [MWHh/t] 053 053 053 053 053 053 0.53

Mill Q Annual consumption [GWh/a] 63 60 60 60 60 61 61
Mill R SEC [MWHh/t] 072 072 072 072 072 072 0.72
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Table S3. Heat consumption of Finnish pulp and paper mills [6-35].

Mill 2011 2012 2013 2014 2015 2016 2017
Mill A SEC [MWh/t] 234 234 234 234 234 234 234
Mill A Annual consumption [GWh/a] 176 171 168 159 159 147 147
Mill B SEC [MWh/t] 241 241 241 241 241 241 241
Mill B Annual consumption [GWh/a] 147 145 171 166 176 176 176
Mill C SEC [MWh/t] 274 274 274 274 274 274 274
Mill C Annual consumption [GWh/a] 167 151 164 140 0 0 0
Mill D SEC [MWh/t] 42 4.2 4.2 42 4.2 4.2 4.2
Mill D Annual consumption [GWh/a] 2533 2545 2537 2499 2499 2600 2600
Mill E SEC [MWh/t] 45 45 45 45 45 45 45
Mill E Annual consumption [GWh/a] 1535 1544 1679 1656 1656 1850 1850
Mill F SEC [MWh/t] 044 044 044 044 044 044 044
Mill F Annual consumption [GWh/a] 108 120 126 133 133 137 137
Mill G SEC [MWh/t] 045 045 045 045 045 045 045
Mill G Annual consumption [GWh/a] 95 113 133 137 137 147 147
MillH  SEC [MWh/t] 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Mill H Annual consumption [GWh/a] 269 339 296 324 324 295 295
Mill I SEC [MWh/t] 579 579 579 579 579 579 5.79
Mill I Annual consumption [GWh/a] 718 672 654 654 654 643 643
Mill ] SEC [MWh/t] 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Mill J Annual consumption [GWh/a] 1758 1776 1897 1882 1882 1814 1814
Mill K SEC [MWh/t] 122 122 122 122 122 122 122
Mill K Annual consumption [GWh/a] 235 277 306 317 317 325 325
Mill L SEC [MWh/t] 151 151 151 151 151 151 151
Mill L Annual consumption [GWh/a] 276 290 278 294 294 314 314
MillM  SEC [MWh/t] 314 314 314 314 314 314 314
MillM  Annual consumption [GWh/a] 1579 1630 1620 1583 1583 1601 0
MillM  SEC [MWh/t] 156 156 156 156 156 156 156
MillM  Annual consumption [GWh/a] 319 314 344 353 353 341 341
MillM  SEC [MWh/t] 133 133 133 133 133 133 133
MillM  Annual consumption [GWh/a] 181 0 0 0 0 0 0
MillN  SEC [MWHh/t] 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Mill N Annual consumption [GWh/a] 636 0 0 0 0 0 0
Mill O SEC [MWh/t] 1.76 176 176 176 176 176 176
Mill O Annual consumption [GWh/a] 151 146 155 150 150 137 137
Mill P SEC [MWh/t] 016 016 016 0.16 0.16 0.16 0.16
Mill P Annual consumption [GWh/a] 19 18 19 19 19 19 19
Mill Q SEC [MWh/t] 127 127 127 127 127 127 127
Mill Q Annual consumption [GWh/a] 144 150 144 144 145 145 147
Mill R SEC [MWh/t] 264 264 264 264 264 264 264
Mill R Annual consumption [GWh/a] 655 618 684 678 678 702 702
Mill S SEC [MWh/t] 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Mill S Annual consumption [GWh/a] 746 754 713 653 715 658 658
Mill T SEC [MWh/t] 0.06 006 006 006 006 0.06 0.06
Mill T Annual consumption [GWh/a] 4 5 4 5 5 5 5
Mill U SEC [MWh/t] 132 132 132 132 132 132 132
Mill U Annual consumption [GWh/a] 747 741 797 800 800 851 851

Mill V SEC [MWh/t] 353 353 353 353 353 353 353



Mill V Annual consumption [GWh/a] 1638 1479 1581 1511 1511 1624 1624

MillW  SEC [MWh/t] 264 264 264 264 264 264 264
Mill W Annual consumption [GWh/a] 644 676 697 681 681 673 673
Mill X SEC [MWh/t] 474 474 474 474 474 474 474
Mill X Annual consumption [GWh/a] 4332 4422 4607 4735 4735 4877 4877
Mill X SEC [MWh/t] -0.57 -0.57 -0.57 -0.57 -0.57 -0.57 -0.57
Mill X Annual consumption [GWh/a] -57 57 57 57 57 57 57
Mill'Y SEC [MWh/t] 512 512 512 512 512 512 5.12
Mill Y Annual consumption [GWh/a] 768 799 783 696 722 640 640
Mill'Y SEC [MWh/t] 1.89 189 189 189 189 189 1.89
Mill Y Annual consumption [GWh/a] 266 284 270 261 270 270 270
Mill Z SEC [MWh/t] 212 212 212 212 212 212 212
Mill Z Annual consumption [GWh/a] 2054 2052 1961 1944 1944 1923 1923
Mill AA  SEC [MWh/t] 435 435 435 435 435 435 435
Mill AA  Annual consumption [GWh/a] 1101 1118 1140 1127 1140 1161 1161
Mill AA  SEC [MWh/t] -0.67 -0.67 -0.67 -0.67 -0.67 -0.67 -0.67
Mill AA Annual consumption [GWh/a] 0 0 0 0 0 0 0
Mill AB  SEC [MWh/t] 621 621 621 621 621 621 6.21
Mill AB  Annual consumption [GWh/a] 2770 2757 2062 1888 1906 1906 1906
Mill AB  SEC [MWh/t] 1.15 115 115 115 115 115 115
Mill AB  Annual consumption [GWh/a] 460 460 460 460 460 460 460
Mill AC SEC [MWh/t] 323 323 323 323 323 323 323
Mill AC  Annual consumption [GWh/a] 1095 1131 1131 1131 1131 1198 1198
Mill AD SEC [MWh/t] 276 276 276 276 276 276 276
Mill AD  Annual consumption [GWh/a] 309 312 309 298 298 290 290
Mill AE  SEC [MWh/t] 034 034 034 034 034 034 034
Mill AE  Annual consumption [GWh/a] 958 932 801 773 773 654 654
Mill AF  SEC [MWh/t] 115 115 115 115 115 115 115
Mill AF  Annual consumption [GWh/a] 712 697 738 720 720 756 756
Mill AG SEC [MWh/t] 5 5 5 5 5 5 5
Mill AG  Annual consumption [GWh/a] 2400 2470 2125 2105 883 883 1525
Mill AH SEC [MWh/t] 424 424 424 424 424 424 424
Mill AH Annual consumption [GWh/a] 2862 3002 2934 3032 2648 2593 3108
Mill Al  SEC [MWh/t] 401 401 4.01 4.01 4.01 4.01 4.01
Mill AI  Annual consumption [GWh/a] 2253 2244 2437 2419 2419 2548 2548
Mill A]  SEC [MWh/t] 136 136 136 136 136 136 136
Mill A]  Annual consumption [GWh/a] 1349 1353 1202 1077 1077 1110 1110
Mill A]  SEC [MWh/t] 069 069 069 069 069 069 0.69
Mill A]  Annual consumption [GWh/a] 345 333 303 279 279 301 301
Mill AK  SEC [MWh/t] 181 181 181 181 181 181 181
Mill AK  Annual consumption [GWh/a] 543 543 543 543 543 543 543
Mill AL SEC [MWh/t] 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Mill AL Annual consumption [GWh/a] 0 0 0 0 0 0 2730

Appendix C Specific energy consumption of Finnish pulp and paper industry

Specific electricity and heat consumption values of different products in Table S4 and Table S5 are
calculated utilizing values in previous tables (Tables S1-3) and coefficients from [36]. Mills are divided
into categories based on their products.



Table S4. Specific electricity consumption of Finnish pulp and paper production.

Electricity consumption Electricity consumption
Mill [MWh/t] Mill [MWh/t]
Chemical pulp Paperboard
Mill D 0.62 Mill E 0.56
Mill E 0.71 Mill H 0.80
Mill J 0.70 Mill K 0.46*
Mill M 0.59 Mill L 0.74
Mill V 0.73 Mill M 0.80
Mill X 0.58* Mill O 0.60
Mill'Y 0.66 Mill P 0.37
Mill Z 0.59 Mill R 0.31
Mill AA 0.59 Mill T 0.20
Mill AB 0.53 Mill W 0.31
Mill AC 0.84 Mill X 0.67
Mill AG 0.77 Mill Y 0.60*
Mill AH 0.58* Mill AA 0.48*
Mill Al 0.60
Mill AL 0.63 Magazine paper
Mill N 0.78
Semi-chemical pulp Mill S 0.89
Mill R 0.41 Mill U 0.61
Mill W 0.41 Mill AB 0.68
Mill AE 1.19
Groundwood Mill AF 1.02
Mill H 1.50 Mill AG 0.80
Mill N 2.02 Mill AJ 0.81
Mill O 1.63
Mill K 1.11 Fine paper
Mill S 2.14 Mill M 1.00
Mill Z 0.76
Refiner Mill AH 0.66
Mill U 1.53
Mill Y 1.79 Other paper
Mill AE 2.61 Mill A 1.53
Mill AF 1.68 Mill B 1.11
Mill C 1.72
Chemi-mechanical pulp Mill I 2.42
Mill F 2.81 Mill Y 0.69
Mill G 2.71 Mill AD 1.25
Mill X 0.62 Mill Al 0.63
Mill AK 1.44
Recycled pulp
Mill A 0.86
Mill I 1.36
Mill Q 0.53

*Mills have gone through significant modifications and consequently SEC values have changed during reviewed period.
Electricity consumptions before modifications in mills K, Y, AA, AH and X were 0.47 MWh/t, 0.67 MWh/t, 0.60 MWh/t, 0.69
MWHh/t and 0.67 MWHh/t, respectively.



Table S5. Specific heat consumption of Finnish pulp and paper production.

Heat consumption Heat consumption
Mill [MWh/t] Mill [MWh/t]
Chemical pulp Paperboard
Mill D 4.20 Mill E 1.37
Mill E 3.01 Mill H 1.30
Mill J 3.10 Mill K 1.50*
Mill M 3.14 Mill L 1.51
Mill V 3.53 Mill M 1.56
Mill X 3.41 Mill O 1.76
Mill'Y 3.79 Mill R 1.53
Mill Z 2.70 Mill T 0.06
Mill AA 4.03 Mill W 1.53
Mill AB 4.29 Mill X 1.55
Mill AC 3.23 Mill'Y 1.45*
Mill AG 3.00 Mill AA 1.54*
Mill AH 2.26%
Mill Al 2.92
Mill AL 2.80 Magazine paper
Mill N 1.50
Semi-chemical pulp Mill S 1.20
Mill R 1.11 Mill U 1.31
Mill W 1.10 Mill AB 1.88
Mill AE 1.42
Groundwood Mill AF 1.70
Mill H 0.00 Mill AG 1.23
Mill N 0.00 Mill AJ 1.36
Mill O 0.00
Mill K 0.00 Fine paper
Mill S 0.00 Mill M 1.33
Mill U 0.00 Mill Z 1.18
Mill AH 1.44
Refiner
Mill Y -0.81 Other paper
Mill AE -0.74 Mill A 2.31
Mill AF -0.80 Mill B 2.41
Mill C 2.74
Chemi-mechanical pulp Mill I 5.73
Mill F 0.44 Mill'Y 2.38
Mill G 0.45 Mill AD 2.76
Mill X -0.57 Mill Al 1.33
Mill AK 1.81
Recycled pulp
Mill A 0.06
Mill I 0.15
Mill Q 1.27

*Mills have gone through significant modifications and consequently SEC values have changed during reviewed period. Heat
consumptions before modifications in mills K, Y, AA and AH were 1.50 MWh/t, 1.53 MWh/t, 1.63 MWh/t and 2.8 MWhtt,
respectively.



Appendix D Mechanical forest industry in Finland
Production rates of mechanical forest industry products are presented in Table S6.

Table S6. Production rates of mechanical forest industry products [37].

Product [1000 m?] 2010 2011 2012 2013 2014 2015 2016 2017

Sawnwood 9600 9700 9440 10440 10920 10640 11410 11900
Panels 1250 1255 1267 1339 1358 1314 1304 1300
Total 10850 10955 10707 11779 12278 11954 12714 13200

There is no data available about electricity consumption of mechanical forest industry. Specific
electricity consumption values were estimated, and the total consumptions were calculated utilizing
production rates. Estimated SEC values for sawnwood, chipboards, plywoods and fiberboards were
0.075 MWh/1000 m3, 0.160 MWh/1000 m?, 0.175 kWh/1000 m? and 0.500 kWh/1000 m?, respectively. [36]
It was assumed that 80% of produced panels were plywoods, 15% fiberboards and 5% chipboards.
Estimations based on previous project [38]. Table S7 presents the calculated electricity consumptions of
mechanical forest industry products.

Table S7. Electricity consumption of mechanical forest industry products [36-38].

Electricity

consumption, [GWh] 2010 2011 2012 2013 2014 2015 2016 2017
Sawnwood 720 728 708 783 819 798 856 893
Panels 236 237 239 253 256 248 246 246
Total 956 965 947 1036 1075 1046 1102 1138

Appendix E Bioproducts in Finland
Estimated production rates of bioproducts are presented in Table S8.

Table S8. Production rates of bioproducts [37,39-41].

Product 2010 2011 2012 2013 2014 2015 2016 2017
Wood fuels (s) [1000 m3] 6705 7252 7695 7660 7832 7964 7107 7964
Wood fuels (1) [1000 t] 0 0 0 50 150 150 150 160

There is no data available about electricity consumption of bioproducts manufacturing. Specific
electricity consumption values were estimated, and the total consumptions were calculated utilizing
production rates. Estimated SEC values for solid wood fuels and liquid wood fuels were 0.25
MWh/1000 m?® and 1.33 MWh/t, respectively [38]. It was estimated that 58% of solid biofuels were chips,
39% residues and 3% pellets [38]. Used densities for chips, residues and pellets were 228 kg/m?, 196
kg/m3and 600 kg/m?, respectively [42]. Calculated energy consumption values are presented in Table
S9.

Table S9. Electricity consumption of bioproducts [38,43]

Electricity
consumption [GWh] 2010 2011 2012 2013 2014 2015 2016 2017

Bioproducts 382 413 439 503 646 653 605 667




Appendix F Electricity consumption of Finnish forest industry

Electricity consumption of Finnish forest industry is presented in Figure S1. It is assumed that the total
consumption includes pulp and paper industry, mechanical forest industry and bioproducts
manufacturing. Pulp and paper industry consume the major share of the total consumed electricity due
to high production rate and energy intensity. Electricity consumption statistics including only pulp and

paper industry are not available. Therefore, the consumption must be calculated. The most accurate
way for defining electricity consumption of pulp and paper industry is to subtract electricity
consumptions of mechanical forest industry and bioproducts manufacturing from the total
consumption.
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Figure S1. Electricity consumption of Finnish forest industry in 2010s. Data from [43].
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