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The forests of the world represent a very
Important and large bioenergy feedstock.

Only marginal fractions of the huge potential

bioenergy supply from the forests have been
used until now.
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Harvest (2008) under bark / Stock (2005 or 2008) over bark




Forest area
(Villion hectares)




Forest area (million hectares):

REL
Sweden: 23.000 (SVO, 2009) (1.0)

Russian Federation: 808.790 (FAO, 2005) (35.2)
Canada (nonres.): 260.643 (Canfi2001)(11.3)
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Forest stock (million cubic metres):

REL
Sweden: 3155 (SVO, 2008) (1.0)
Russian Federation: 80 479 (FAO, 2005) (25.5)
Canada: 29384  (Canfi 2001) (9.3)

Canada 32983 (FAO 2005) (10.5)






Forest harvest (million cubic metres, 2008).

REL
Sweden: 69.0 (FAQO, 2008) (1.0)
Russian Federation: 181.4 (FAO, 2008) (2.6)

Canada: 155.5 (FAO, 2008) (2.3)
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Roundwood production by region and country, year 2008

Industrial wood Industrial wood
Region/country coniferous sp. non-coniferous sp.
Sawlogs Sawlogs Fuelwood
and veneer and veneer and Total
Total’ logs Pulp-wood | Total’ logs Pulpwood charcoal | roundwood
million m3 fub
Europe 385.5 2347 129.9 119.1 52,4 57,7 152.5 657.1
Sweden 59.9 32,1 27,6 3.2 0.2 r Ay | 5.9 69.0
Russian Federation 101.2 60,5 28.6 35.5 17,7 14.1 44,7 181.4
Africa 9.3 4,7 4.1 61,0 21.8 123 637.6 707.,9
Asia 93.8 57.4 11.1 149.5 94,2 239 753,7 997.0
Canada 125.,0 116,0 8.6 27,1 13,2 11,9 2,9 155,5
USA 225,0 1372 83.4 1117 51,7 56.1 43,6 380,2
Latin America 86.3 48.5 35.0 110.5 41.0 61.4 285.9 482.7
Oceania 34,7 18.7 8.0 17.6 7,7 9.6 15,9 68.3
Entire world 960 617 280 597 282 233 1 892 3 449

1 Inkl. dvrigt rundvirke (palar, stolpar, gruvstolpar m.m.). Includes other industrial roundwood such as poles, pitprops, posts

efc.

Kalla: FAOSTAT Databas Source: FAOSTAT Database




A simple calculation based on official
statistics shows that the sustainable
forest production potential in Russian
Federation is more than2900 million
cubic metres (over bark) per year.

The harvest(year 2008) was only
181 million cubic metres (under bark).




Distribution of forests hy relative stockmg and site index, 10° ha

Tuble 9

Subjects of BF, Total Site index

sroups of Tain area 11 and higher 111 | v | v Va and lower

forest foruing covered Diistrbution of forest arvea by relattve stocking

speries byforest | 10-08|07-05|04-03(10-0%8|07-05|04-053|10-08(07-05|04-05|10-08|07-05)04-03(10-08|07-05(04-03
wegetation

|Russian Federation
| Comiferous 5043152 91943 1945372 27217 124055 472616 126297 163279 BET026 315883 151480 977779 SlEReE 5199,6| 495862 493485
|Hard deciduous 1746%,5 4348 12364 127,7 4560 21771 568,20 3953 27134 10672 716,10 34877 14747 2943 15411 7993
|Soft decidurs 123187,1| 15071,7 212509 25490 10477,5 238497 48180 60881  16837,1 37099 25240  7850,1 )  19dl.1 958,59 37463 17070
|European-Ural part of the Russian Federation
| Comiferous 22090,6 60425 10183,0 543,35 36089 BTl9E 8745 32561 134939 13341 16251 202822 3576,5 4528 93887 49290
|Hard decidnous 5108,5 4205 11557 930 3489 13571 10,2 1846 8459 90,9 485 2917 38,2 223 83,1 10,2
|5oft decidunus 475798 120418 127991 s61,1 48345 70131 491 18920 33637 3371 58010 13975 3198 2127 113513 8181
| Asian pari of the Russian Federation
|Conifsrous 4162252 3151,4| 92542 21784 B796E  3ES420 119552 13071,8 732087 302522 115229 775157 4832030 47408 392975 444173
|Hard decidnous 12563,0 14,2 0,7 29,7 107,1 g20,0 4574 2107 18675 9783 6678 51760 14365 2720 14580 7893
|5oft decidunms 75607,3  3030,1  B4518 19875 58428 168366 431909 41941 134734 33728 19639 62526 16213] 7562 261500 8RE9
|Forest regions of the Ruszian Federation
| Coniferous 732910 24488 38439 2069 28939 9192 55700 S0%44 126487 12750 15592 198288 35235 4281 92229 4880,7
|Hard deciduous 4763 3.4 14,3 1,0 14,2 1076 15,1 132 2163 28,5 1.5 452 2.2 0,0 46 22
|5oft deeiduoms 30708,0 70840 5322,5 2584 746 49280 3463 17945 28347 2629 5284 12368 280,7 2075 10889 8098
|Non-chernozem zone of the Russian Federation
| Comiferous 240790 48646 8502,2 4455 34123 82225 6116 2058 1333800 15071 16lsl ) 202225 35691 4522 9380 49277
|Hard deciduous £15,.2 21,5 31,5 23,6 228 1482 14,5 2,1 118 0,7 0,0 0.6 0,0 0,0 0,0 0,0
|5oft deciduoms 391339 103890 104081 3950 38977 48925 2906 17551 26546 2395 5422 12730 2828 08,2 10948 g11,0
| Baikal lake hasin
| Comiferous 112310 15,3 54,8 10,5 2587 12748 2633 6862 44929 11110 2056 16893 &11,7 43,4 559,3 174,2
|5oft decidurs 2083,5 12,9 21,0 21 120,0 4477 g60 2393 E97E 111,2 350 162,6 35,3 79 32,8 11,0
| Shoreline around Baikal lake
|Conifsrous 16836 532 13,3 27 £55 2184 41,0 1222 4m34 1123 542 2479 7.0 0,8 1282 70,2
|5oft decidunus 4119 83 8.1 0,7 490 20,8 93 492 56,6 162 130 40,2 11,5 51 20,9 9.0
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1 .o : ! Tuble 9
| 2 | Distribution of forests by relative stocking and site index, 10° ha
3
| 4 | Subjects of BF, Total Site index
| 5 | groupe of main area I1and higher 111 | v | ¥ Va and lower
| B | forest forming covered Distribution of forest area by relative stocking
| 7| species by forest 10-0%|07-05]|04-03(10-08|07-05]|04-03(10-0%8(07-05|04-03|10-08(07-05|04-03|10-08(07-05|04-03
8 wegetation
| 9 |Russian Federation
| 10 | Coniferous 3043158 91943| 19437,2) 27217 124055 472616 126207 163279 867026 315863 131480 977778 518968 51956 486852 493465
|11 |Hard deciduous 17469,5 4348 12384 1297 4560 21771 ss8,2 353 27134 1087,2) 7161 34877 14747 2943 15411 7993
| 12 [Soft deciduous 123187,1| 15071,7 21250,% 25490 104773 238497 48180| 6086l 168371 37099 25240 76501 18411 @689 37463 17070
13
14 |Sum 6449724] 247008 419245  5398,4| 233388 732884 180159| 228093 1062531 38363.4| 163881 1088957 ss3lzE|  s4seE 539736 S18530
15 |Sitesura 720237 114643 1 1654258 180596,4 1122834
16 |Prod a0 50 43 34 20
| 17 | Total Prod 445213,3 A37855.6 744416,1 140273 224566,3
KEl
19
20
| 21 |European-Ural part of the Russian Federation
| 22 | Coniferous 880906 60429 101830 5433 36089 87185 6745 32561 134939 13341 16251 202622 35765 4528 938E7 49290
| 23 |Hard deciduous 51085 4206 11557 98,0 3485 13571 108 1846 8459 50,9 48,5 2917 38,2 223 83,1 10,2
| 24 [Soft decidurus 475758 120416 127991  S61,10  4634,5 70131 4981| 18s2,0 3337 3371 Se00| 13975 31es| 2127 11313 816l
25
| 26 |Sum 1407769 185051 241378 12024 ssez3 17oses  12834] 53327 177035 1721 22337 219514 39945 ss7E 106031 57573
| 27 | Sitesura 438453 26965,5 247983 281196 17043,2
28 |Prod 2.0 6.0 4.5 3.4 2.0
| 29 | Total Prod 324607, 1617930 1115924 95606 6 F4096 4
Ell
| 31 |Asian pari of the Russian Federation
| 32 | Coniferous 4162252 3151,4| 92542 21784 8796 385420 119552 130718 732087 302522 115229 775157 483203 47408 392975 444175
| 33 |Hard deciduous 12363,0 14,2 80,7 29,7 1071 80 4574 21007 18675 9763 6676 31760 14365 2720 14580 7893
| 34 [Soft decidurus 75607,3|  3030,1] 84518 18879 5842,8) 168366 43195 4194l 134734 33728 19639 62526 16213 7562 26150 8885
35
| 56 |Sum soa19s55| 61957 177887 4l9e0| 147465 selese  16732,5| 174766 85496 346013 141544 sssaa3 s1avel|  S7eR0 433705 460957
37 |Sitesura 28178,4 BI677,6 140627,5 1524763 952352
|38 |Prod a0 5.0 4.5 34 20
| 39 | Total Prod 253605 5 SIE065 5 GI2R23 8 5184211 190470,4
40|
41
| 42 |Index {Jonson) I I I v W I II VIII
43 [m3skha,year 10.5 &0 5.0 4.5 34 2.5 18 1z
| 44 |Sowee;
| 45 |httpedhwener, skatteverket sefrattsinfarmation/allmannarad/aldrear 1997 1897 ravs 1997123 4. 18110334 ebeBbcB0005133. html




Rough approximation:

All of the sustainable forest production
potential in Russian Federation

(2900 million cubic metres, over bark,
per year) Is transformed to energy.

(In reality, some fraction will probably
be used for other purposes.)

With 2 TWh/Mm3, we get:

5 800 TWhlyear
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Observations:

100 quadrillion "british
thermal” corresponds to
29 300 TWh.

In 2014, according to
the graph, the global
primary energy
consumption is

160 000 TWh.

The potential energy
production in the Russian
forests (5 800 TWh) is
3.6% of the global
primary energy
consumption in 2014,

or 20% of the primary
energy cnsumption in
China in 2014.

Al : [ < S I ;




Energy consumption in EU

Gross inland consumptionof energy within the EU-28 in 2012 was 1 683
million tonnes of oil equivalent(toe).

» http://epp.eurostat.ec.europa.eu/statistics _explaad/index.php/Consumption of energy

« This correspondsto:19 573 TWh

(= 3.4 times the forest energy potential in Russian
Federation)

1 terawatt hour (TWh) is equal to 85984.522785899 ton of oil equivalent (TOE)
« http://www.conversion-website.com/enerqgy/ton-of-oil-equivale-to-terawatt-hour.html




>

4 39658 (-

e{a", U.S. Energy Information

Administration

¢« Countries

China

Last Updated: February 4, 2014 (Notes)
full report



China's installed electricity capacity by fuel, 2011
installed capacity: 1,073 gigawatts

hydropower Observation:

22%

The graph does
nuclear, 1% not include any
wind, 6% forest fuels.

solar, 0.2%
oil, 3%

natural gas, 3%

N
©1Q’' Source: FACTS Global Energy
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Dr. Evgeny Kuznetsov
Ass. Professor,
Forestry Department,
FTU
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Furthermore,
the "Annual Allowable Cut”
In Russian Federation
IS much lower
than the production potential.

Hence, the
"Production possiblility Utilization Rate”
IS much lower than the
"Annual Allowable Cut Utilization Rate”.



Conclusion:

The sustainable bioenergy supply from the
forests of Russian Federation can increase

very much.



Focus on Canada
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The "Annual Allowable Cut”
In Canada Is much lower
than the production potential.

Hence, the
"Production possibility Utilization Rate”
IS much lower than the
"Annual Allowable Cut Utilization Rate”.



Conclusion:

The sustainable bioenergy supply from the
forests of Canada can increase very much.



General conclusion (Russian Federation and
Canada)

The forests represent a very important and
large bioenergy feedstock.

Only marginal fractions of the huge potential
bioenergy supply from the forests have been
used until now.



The optimal sustainable utilization of the forest
feedstock over time

can not be determined without explicit
consideration of different levels of:

- Infrastructure Investments,
- alternative harvesting methods,

- Joint production of several forest products
- and environmental effects.



The present utilization of forests for energy is much lower
than optimal because of several reasons such as:

Forest machines
In Iran i












Forestry in Sweden




Forestry in Sweden




Forestry with clearcuts in Sweden (10 km S Umea).






Continuous cover forestry in Neuchatel, Switzerland.



Continuous cover forestry in Switzerland and Profe§xod.P. Shitz, ETH.



Forestry In Germany
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Forestry In Germany
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Prices change and the changes can not be perfegbisedicted.



Roundwood
prices in
Germany

The dramatic price

C

rop was a result of

the storm Lothar and

S

the unexpected extra

upply of

windthrown wood.
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Average prices of wood fuel in Sweden, SEK per
MWAh, current prices, exclusive taxes
(1 USD =7 SEK)
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Figur 13.1 Prisutveckling pa sagtimmer av tall och g ran (leveransvirke) i 2013 ars prisniva (justeratm  ed KPI)
Price trends for sawlogs of Scots pine and Norway spruce, delivery logs, in the price level of 2013 (deflated with CPI)
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1Se kapiteltexten
See the chapter text.

Kalla: SDC; Skogsstyrelsen, Enehten for policy och analys
Source: SDC; Swedish Forest Agency, Policy and Analysis Division

2013



The present utilization of forests for energy is much lower
than optimal because of several reasons such as:
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Stochastic dynamic programming is usually the most releant and
flexible optimization method,
since prices, growth, disturbances etc. can not befeetty predicted.

(+



Example of optimal
adaptive forest
feedstock supply
with stochastic
prices

Lohmander, P.,Adaptive
Optimization of Forest
Management in a
Stochastic World, in
Weintraub A. et al
(Editors), Handbook of
Operations Research in
Natural Resources
Springer, Springer
Science, International
Series in Operations
Research and
Management Science,
New York, USA, pp 525-
544, 2007



Examples of stochastic dynamic programming
In optimal forest feedstock problems:
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Optimal total
results in
Sweden for
alternative
stock
level
constraints






Lohmander, P., Methodology for optimization of coodinated
forestry, bioenergy and infrastructure investmentswith focus
on Russian Federation,

Moscow State Forestry University Forest Bulletin,

ISSN 1727-3749, No 84, Issue 1, 2012

EU and Russian Federation with optimal cooperation












Optimal
cooperation
would be very
profitable

and would
simultaneously
Improve the
CO2 situation!



The forest feedstock supply can be optimized!

If you are interested in cooperation,
Please let me know!

Thank you for listening!

Peter Lohmander

ProfessorDr

SLU, Swedenhttp://www.Lohmander.com
Peter@Lohmander.com
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