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There are very good
options to strongly
increase the industrial
utilization of raw materials
from the forests, such as
stem wood and other
assortments, irrespective
of how these assortments
are distributed between
saw mills, pulp mills and
companies in the energy
industry.

UmetoTcsa xopouwee
nepcneKTUBbI 3HAYUTENbHOIO
yBenuyeHus o6beMoB
necocbipbs pa3HoOro
accopTUMeHTa, Hanpumep
Kpyrnoro neca.
HesaBucumo ot pacnpepenenus
mexay neconunkamu, LIBK n
3HepreTMYecKMMMU KOMNaHUAMM.
Usyyarotcs obme nyTtu
onTUMMU3auumu
CKOOPAUHUPOBAHHOIO
paclUMpeHns MOLLHOCTeN
NOCTaBLUUKOB J1eCOChIpbs U
Ono3aHeprum n MHOPOCTPYKTYPbI.
PaccmaTpuBatoTcs
anbTepHaTUBHbIE AUHaMUYeckue
Mogenm.

The general structure of the
optimization problem of coordinated
expansion of sustainable forest and
bio energy supply chains,
infrastructure and industrial plants is
studied.

Alternative dynamic models are
described. Optimal solutions are
derived for alternative cases and
preliminary conclusions are made.
Capacities of industries of different
kinds, using raw materials from the
forests, should be strongly
expanded.

This also leads to increased
employment in all concerned regions
over an infinite horizon.

BbiBOAATCA ONTUManbHble
peLUeHus ANs pasnUYHbIX
cnyvaeB v genawTcs
npeaBapuTenbHble BbLIBOAbI MO
noeoAy 3HaUUTENbLHOro
pacluMpeHusi NPOMbILEHHbIX
MOLUHOCTEN pa3Horo poaa
MCNONb3YIOLWMX NecoCbipbe, YTO
B CBOIO ouyepeab, BedeT K
YBENUYEHMIO 3aHATOCTU BO BCEX
3aMHTepPeCOBaHHbIX NIECHbIX
peruoHax B paccmaTpuBaeMom
BpeMeHHOM nepuoge
NNaHMpoBaHuA.




The total economic
value, the present
value of all activities
in forestry, the forest
products industry and
the energy industry,
increases strongly if
harvesting and
capacity expansion
develop in the ways
derived and
suggested by the
optimization models.

O6Lwan akKoHoMU4YeckKas
CTOMMOCTb, TeKyLlasi
OUCKOHTUpPOBaHHasi

CTOMMOCTb BCeX onepaum7| B

fleCHOM X03AINCTBe, 3aTpaThbl
Ha NPOU3BOACTBO
neconpoayKTOB U aHeprum
3HauMTenbLHO
yBenu4MBalTCs ecnm
BbIpyOKa u paclumpeHue
06bEeMOB Cblpbsi
Npou3BOAATCA B paMKax
npepnaraembix
ONTUMM3ALMOHHbIX
moaenen.

Furthermore, the complex problems
of the global system with green
house gases and global warming
and the level of the carbon stock in
the forests, has become a
dominating topic in all media and
conferences during the latest years.
With increasing utilization of the
production potential of the forests,
the forests can capture more CO2
from the atmosphere and we may
solve the global warming problem.
When we harvest a forest and use
the timber to build wooden houses,
bridges and other constructions, the
carbon that was originally captured
by and stored in the forest is moved
to the constructions.

Kpome Toro 3a nocnenHue roasbl,
AOMUHMpYIOLLEN TEMOW BO BCEX
CMMW v Ha KOHpepeHUUAxX cTanum
KOMMeKCHble Npo6nembl
CcBsi3aHHble C: rno6anbHbIM
noTenneHMeM, NapHUKOBbLIM
adpchbekTOoM M ypoBHEM 3anaca
yrnepoga B necax.

Mpu onTMMM3auumn ncnonb3oBaHUs
NPOMBILUNEHHbIX NeCoB, neca
CnocoGHbI yaepxuBaTb 6onbLie
CO2 1 TakMM 06pa3oM Mbl MOXEM
pelwnTb Npobnemy rnob6ansHoro
noTenneHus.

Koraa mbl Bbipy6aem nec n
ucnonb3yem nunomarepuansl, Ans
NOCTPOMNKU AePEBAHHbLIX AOMOB,
MOCTOB M APYrUX KOHCTPYKLINNA,
HaKOMMEeHHbIN B ApeBecuHe yrnepos
ocTaeTcsi B KOHCTPYKLIUAX.

When we harvest the forest, the
forest land is released and can
be used for a new plantation.
This new plantation can absorb
even more CO2 from the
atmosphere.

In case we do not use the old
forest and harvest it, the forest

net growth sooner or later stops.

Then, the forest does not
contribute to the net uptake of
CO2 anymore.

Bonee Toro, npu Bbipy6ke
ocBoboxaaeTcsi MecTo nog
HOBble NnaHTaumMm, koTopas B
CBOIO ouepeab, MOXeT
abcopb6upoBaThb 6onblue
yrnepopaa us atmocdepbl.
Ecnu mMbI He 6yaem
M“cnonb3oBaTb HENPUPbIBHOE
HeucTowmTenbHoe
necononb3oBaHue,

TO PaHO UIN NMO34HO YUCTbIN
pOCT neca npekpaijaeTcs, 4To
BeAeT K NpeKpalleHuo
nornowexHna CO2 ns
aTMocdepbl.

IMPORTANT OBSERVATIONS

EU has the target of 20% renewable energy in the
year 2020. nhttp:/ec.europa.eulenergylindex_en.htm

In Russian Federation, the potential sustainable
forest harvesting level is many times higher

than present harvesting.

These biomass resources may be used as a
sustainable source of energy in central Europe.




Gross Inland Consumption
2007 (Mtoe)

Natural gas

ALL FUELS

http:/ec.europa.eu/energy/publications/statistics/doc/2010_energy_transport_figures.pdf

Conversion Factors

ENERGY
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1806.4 Mtoe * 11.630 TWh/Mtoe = 21 008 TWh
(20% - 7.8%) of 21 008 TWh = 2 563 TWh
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CENTRAL QUESTIONS:
* Where can Europe find 2 563 TWh of
"new” renewable energy ?
* Would it be profitable to deliver this
renewable energy to Europe?

Cubic metres to energy:

1 million cubic metres (on bark) can give
approximately 2 TWh.

The number ”2” is a rough approximation for average conditions” with 50% water
contents. Water contents and other properties affect these figures.

References:

Lohmander, P., Stor potential fér svensk skogsenergi, Nordisk Energi, Nr. 2, 2009
http://www.lohmander.com/Information/nel.jpg
http://www.lohmander.com/Information/ne2.jpg
http://www.lohmander.com/Information/ne3.jpg
http://www.lohmander.com/PL_SvSE_090205.pdf
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Ten countries with largest forest area 2005
(million ha)
Russian Federation 809
Brazil 478
B canada 310
B United States 303
China 197 =
B Australia 164 M Boreal Forest
Intemnational Boundaries
M Democratic Republic of the Congo 134 7 2
Indonesia 88
W Feru 69
B india 68
B oOthers 1333
© FAD 2006
13 14

Forest area
(Million hectares




Forest area (million hectares):

* Sweden: 23.000 (SVO, 2009)
* Russian Federation: 808.790 (FAO, 2005)
» Canada: nonres. = 260.643. (Canfi 2001)
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Forest stock (million cubic

metres):
Sweden: 3155 (SVO, 2008)
Russian Federation: 80 479 (FAO, 2005)
Canada: 29 384 (Canfi 2001)

Canada 32983  (FAO 2005)

19




Total Roundwood Harvest (= Production) 2008
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Source: FAOSTAT 21
Adaptions by Peter Lohmander.

Roundwood production by region and country, year 2008

"Fuelwood and Charcoal” divided by "Total Roundwood Harvest" 2008
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Source: FAOSTAT 23
Adaptions by Peter Lohmander.

Incluutrial woad Indussrial wood
Region comnmry ife P mar-coniferais .
Sawlogs Sawlogs Fuetwood
and veneor and veneor and Total
Toeal" logs Pilp-mood_| Totall logs Pulpwsod _charcsal | reundwood
million wd fub
Europe 3855 347 129.9 119.1 524 5.7 1525 6571
Sweden 599 31 76 a2 0.2 2,7 59 62,0
Russian Federation 101,2 6,5 28.6 355 17.7 14,1 447 1814
Africa 9.3 47 4.1 GLO I8 123 7.9
Asla 03.8 574 1.1 149.5 94,2 239 997.0
Canada 1250 116,00 8.6 13,2 119 1555
UsA 21250 1372 834 117 SL.7 56.1 380.2
Latin America 86.3 485 50 110.5 4L0 61.4 4827
Oceania 47 8.7 8.0 17.6 7.7 9.6 68,3
Entirve world D60 61 280 282 233 1892 3449
T A marhv (P, SEar, QrSRaIpas ) = oo such 23 P
22
Export and import of roundwood, chips, particles and wood residues, year 2008
Export Tmpaort
C Non Chips, p: & C Non-coniferons  Chips, particles &
Reglon/'conntry species species wood residues species species wood residues
Tropical Other Tropical Other
1 000 m3f
ub
5 P
Europe 50 657 61 41 25 536 31953 865 T86 29 532
Sweden 2334 o 15 854 3377 5 3402 1716
11
Russian Fed. 25034 o 750 3081 2 o (] s
Advica 202 2012 301 5393 280 132 342 19
13
Asla 454 T 446 a0 4 509 31158 9936 131 27 469
North America 10379 7 2652 o1n 4207 6 1816 4879
Canada 2550 5 174 2775 doas 1 1573 ago
UsA 2 2478 6 346 1171 s 253 o088
Latin America 3 519 19065 9315 353 14 84 53
Oceania 787 1724 1184 10190 9 F & L]
13 i
G0 607 13470 403 62075 68 961 10 954 175 62 159
24




Chips Import and Export (Sweden)

Chips Import Price (Cif) and Export Price (Fob)
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Source:"Foreign Trade", Statistics Sweden; Sweden’s statistical databases
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Source:"Foreign Trade", Statistics Sweden; Sweden’s statistical databases
Foreign trade in wood residues, sawdust etc. (Sweden)
Import Export
Year
Value  Average
antity Value (Cil Average price  Quantity Fob rice
1000 SEK/m*
1000 1000 SEK SEK/m’ fub 1000 SEK Tub
m* f ub m* f ub
2000 331 156 592 473 53 20260 80
2001 266 190 511 510 s 51781 417
2002 377 203 896 241 137 63083 459
2003 567 163394 641 81 48081 %7
2004 736 197 918 241 191 91067 478
2005 505 411 3335 11 31 189809 609
2006 1018 644 689 613 /0 202666 ™
2007 87 600 619 659 24 153389 656
2008 1016 731 449 710 14 193696 903
2009+
Wood residues’ 601 276 201 459 19 20188 1063
Sawdust? 47 14 941 317 52 61141 1176
Pellets® 939 717 016 775 143 130 666 912
Nettowmpnt murke sl med sncuctechen. Ner pade (miv: 2y idicaie: nef fmpoe )
3 Lppphe! sdemedovisas frin 2009 Tidigare uppgifier npick i tram-fall mm Fr.om 2009 ar jemftrelse med tidigare dr & rebevant Foe yhterkigare
.n.ammm se kapitelsesten
s Wi incl inna wood residuas 22 From 00 amwand somparisan with previous years ane mor
1. Triavall' weod ressdees e rafers i JONCN ulluﬂ.l!{i? Shgipin’ sredas avier rafer o KON vun mr S0 5040 peSene avar roter 0 v S40L1900
e e T e Exchange rate: Approximately 10 SEK/EURO

dmabazss

Wood fuel, Price (SEK/MWh), Sweden

Tabell 1 Tridbrinsle, kronor MWh fritt forbrukare, lépande pnser exklusive B
Period 2006 | 2007 | 2008 2000 2009:2 [ 2000:3 | 2009:4 | 2010:1

[ [ [ [ [ Hel [ Noma™ |Mellersa™ | sadea™ | [ | I |
| | | | sverige |

e e S N N I B N T
Vimeverk 210 | 244 | 271 | 298 | 316 308 290 | 282 | 305 309 | 30 |+
|Skogatlis: | Forest chips | | | | | 20 EURO
Industri 19 | 128 | 146 | 176 - - - 188 | 186 199"
Vimneverk 146 | 158 [ 167 | 181 187 186 171 178 | 195 1997 |
:Bipl'nduklor: | | | | | | | |

Industr 12153 [ 160 | 172 T T R 179 167 | 189 184°
Vimneverk 1286 [ 134 [ 157 | 170 | 178 172 155 167 166 | 180

:Rﬂurlri'l: | | | | | | | |
Vinmeverk 78| 64 | 69 | T8 35 77 85 0 20 92 101%

1) Den re;
och BD b

la redovisningen o

Prishlad 1/2010. P) Preliminir uppgift

fattar endast vinmeverken. Observer a
D.E.S.T. U, W och X lan. 4) Ovraga landet.

sonema &1 mera osikra &n medelpriset for riket 2) Y, Z. AC
erlaget for ant redovisa. R) Uppgifien bar reviderats sedan

(Calculations based on exchange rate 10 SEK/EURO )
28




Harvest (2008) under bark / Stock (2005 or 2008) over bark
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P.S. This graph is based on the simplifying assumption that the stock in "Latin America” = the stock in
“South America”.
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Forest harvest (million cubic
metres) (FAO, 2005):

* Sweden: 92.8 (Roundwood + pulpwood)

* Russian Federation: 236 (Roundwood +
pulpwood)

e Canada: 223.5 (Industrial roundwood
219.5 + woodfuel 4)

31

Growth potential:
Russian site index tables show
that the potential sustainable
growth and harvest are several
times higher than the reported
growth.

* Total growth potential 2919 million cubic metres on 645 million
hectares (the best soils) gives 4.53 m3/ha.

« Total growth potential 2919 million cubic metres per 809 million
hectares (total forest area) gives 3.608 m3/ha.

*  http:/lwww.lc .com/RuMa09/Loh der Presentation.ppt
«  http://Iwww.iiasa.ac.at/Research/FOR/forest i fund_en.html

32




Table §

on of the Tong run sustainable production lével” Tabie 8

Distribution of fosests by relative stocking and site indes, 10° ha

1 Distibution of farests by relative stacking and vite mdesz, 10° ha
Sdojects of B, Site e
g of main 1T ared ligher I i I [ I T T arwd s St ey
fusest formerg I Dastritation of Soteat area by selatsre siociing T et iager I [H] I v I [] o ey
sy I|u.ut|J'r.u.\]u_- [E] :[ua.u.'|1u.w'.u;.t. [] .u3||o.oz[ .'.u.\|oa.u2'|u.t£|u?.us] N D
1 1 1 1] 's_:-..n.']n.‘.nz||n.cs[:‘.:us_o-n
Ruasian Frdrration 1 1

Cosifirra TR amsin 1T 313 [S4RN SIS WA GG 4BSEA3 avMnd
AME  1THA ez [CF B MELT  14TEI 43 13411 k) S0aL38 Falp| 130033 sae14 e
TR T kg amal e E T T 0 Tinad a4 2
Furopean Ural part of the Ruscian Federation Ll L
aia Bs Wl g ol E TN T P E ; ] T Tonl S| tem iemaT DI HE
80 UGE M8 85 WS RS Wi ;) Ml o2 Jasex ,I vy
A 11 wE1 Ima) 167 34 # A aizr 101 wiel
iskan part of the Hussian Federation sasase
Conterens a2 s w1 e 105552 A wINs aens
[ man W2 m1 om0 457, ma ump M3 i
D p—— T3 W01 BSLE 19898 43159 2 15D EES

Farrai rrginns of the Russian Federation

TR MaEE 3OS ey L3 nay 48307 k] L] 141 ) FE-TI )
AT 54 183 10 an an a2 .0 1nog 1846 L L3 oy L:%} 2
o0 A0 3RS 2 A 1 A ] Lt Lot 00 AT NS L
P cheraaem anne of fhe Rustias Frderatisn — .
SO apteg| B3 i3 FTIRE ATy FOTIRTT) |:\:_1| T g =oT awia WM @na seeaa 5]
13 g (%] oo [T [ 2_; 'B&l;ﬁ xar.?.j m‘:_:
Et 17551 WAL s 22 w2 1054 8 LN 5 i 9“_" 7
05 a7 63,3 GBE2 LR o=t A4 3 1742 ;‘
1 B0 G55 m GITE 350 i3 us 11,0 o 5 a3 = 4 3 3 3
R Coerw Oty TEAZ NMA S MM 12E T I ATE WEns st
horeline around Ballal lake . . - 33 | Had decadacns 1210 0, 7w 00 ELE I TE I T T T
le3s 52 135 27 £S5 s an 1z2 ans =2 e 0 nE 132 m2a M Selt decadarn TIOTY  w0,| 1E 1910 Se1A  leEMA 4l9a]  1MaTIA FLSEI -1 3 TH: M40 LT
ans £3 al 07 “o 3B 3 492 BEE 1m0 02 1.5 51 05 0 5
W v a3 SURT 1THeT A 1605 WIS THMS  ESARS M013] T B SIITRI] SR AR
3 [Sowm Pk 1acez7, 3! 15343634
3 Ped 2.0 49 24
H Teed Pred prorie) et siaan b
Source: ]
. . ptl
http://www .iiasa.ac.at/Research/FOR/forest_cdrom/english/for_fund_en.html FHICT—— ]. ] o w W |
H 43 mbskhayear 105 L11] £0 45 a4 s 13 12
(From Roslesinforg, 2003, VNIILM, 2003) 33 o

Russian site index tables give:

« Total growth potential 2919 million cubic metres on
645 million hectares (the best soils) gives
4.53 m3/ha.

« Total growth potential 2919 million cubic metres

per 809 million hectares (total forest area) gives 3.608
m3/ha.

«  http://www.lohmander.com/RuMa09/Lohmander_Presentation.ppt
*  http://www.iiasa.ac.at/Research/FOR/forest_cdrom/english/for_fund_en.html
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Ty 2004, Inkbaries

B g e Forest production potential
= S (using Russian figures per
o o hectare) (million cubic metres
= £ Annual per year):
= = volume - Sweden: 23.000*3.608 = 83 (Observed growth = 117,
" = % growth SVO, 2009)
= o (increment)

I — —— - — * Russian Federation: 808.790 000*3.608 = 2 918

e Canada: (non reserved land): 260.642*3.608 = 940

38




Harvest in relation to observed
growth (or in relation to potential
growth):

Sweden (estimated): 92.8/83 = 1.12
Sweden (observed): 92.8/117 = 0.793
Russian Federation: 236/2918 = 0.0809
Canada: 223.5/940 = 0.238

41

The Siberian Larch (Larix sibirica)

11



The Siberian Pine (Pinus sibirica) *

A

Siberian Fir (Abies sibirica) “°

No country has a larger forest than Russia.
The growing stock is 25.5 times larger in Russia than in Sweden.
The growing stock is 37.3 times larger in Russia than in Finland.

The sustainable long run utilization of the Russian forest could
increase very much, more than ten times!

The harvest levels of the main wood assortments are only 2-3
times higher than in Sweden.

47

According to FAO (2005):

¢ The growing stock in Russia (in the land class

“forest”) is 80 479 million cubic metres over bark.
The growing stock in Russia that is defined as
“Commercial growing stock” is 39 630 million
cubic metres over bark.

Comment by Peter Lohmander: It is however
very important to be aware that the size of
the stock that is “commercial” depends on
the prices in the product markets and
production factor markets, the availability of
infrastructure such as railroads and roads
etc..

48
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Russia has enormous forest resources,
clearly illustrated by the very large
growing stock.

The sustainable, long run, utilization of
the forest resource could be very much
higher.

Maybe the long run sustainable round
wood harvest is ten (or more!) times
higher than today.

49

With suitable time consistent contracts, foreign
capital and labour and Russian capital and
labour would benefit from participating in these
operations in the form of a joint venture.

An increased use of the Russian resources can
lead to improved economic results for Russia
and possible cooperating countries, increased
production of electrical power and other energy
products, increased employment and general
regional development in large areas of Russia
and environmental improvements with respect
to the CO2 - global warming issue.

50

» Since the relative prices of different
production factors, inputs, are not the same
in Russia and Sweden, we can be almost
sure that the optimal combination of such
inputs should be different.

* It is very likely that the optimal forest
regeneration methods are different, that the
optimal numbers of seedlings per hectare are
different, that the optimal species mixes are
different etc..

* The optimal harvest schedules and use of
the forest resources should be expected to
be quite different in Russia and Sweden.

51

« It is not possible to calculate the
rational use of the forest resources
without a dynamic optimization
framework in which also the
investments in infrastructure, forest
industry and energy industry are
integrated as endogenous variables.

52
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Infrastructure investments
(in optimal combination with harvesting and transport)

53

The general structure of dynamic
quadratic programming models for
optimal coordinated expansion of
sustainable forest and bio energy
supply chains, infrastructure and
industrial plants will be studied.

Alternative dynamic quadratic
programming models will be described.

Typical dynamic solutions will be derived
for a region in low resolution.

54

TPAHCCHBMPCKAA MATHCTPANL
HARYYAE GCHOBHIE THRHIHTHIIE AHRAN Poccim

56
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OBSERVATION: 1000 M m3 * 0.8 ton/m3 * 3000 km = 2 400 000 M ton-km

Railroad Freight Revenue (Russia)
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Source:
The World Bank, World Bank Railway Database, 2010

http://siteresources.worldbank org/EXTRAILWAY 15244- 70/6863841- 58
1276539314873/railways_database_2007.xIs

Railroad freight cost calculation
(based on the World Bank Railway Database)
3000 km *
0.005 $/tonkm *
0.8 ton/m3
=12 $/m3
12$/m3 *
0.773 EURO/$
=9.28 EURO/m3

Alternative delivery cost calculation (with function

estimation by Peter Lohmander)

"The delivery cost of energy wood by
railway varied from 28.9 to 43.5 €/m3.”

About 70% of the energy wood was from harvesting, consisting of non-industrial
roundwood, unused branches and tops, defective wood resulting from logging,
spruce stumps removed after final felling, and 30% from sawmills and plywood
mills, i.e., chips, sawdust and bark.

...maximum distance as 2110 km to the border station.

Source of the empirical investigation:
Gerasimov, Y., Karjalainen, T., Estimation of supply and delivery cost of energy

wood from Northwest Russia, 2009
http://www.metla.fi/julkaisut/workingpapers/2009/mwp123.htm

60
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Alternative delivery cost calculation and cost
function per m3 continued

Assumption: Transport distances vary from 0 to 2110 km.
Energy contents: 2 MWh/m3
(43.5€-28.9€) /(2110 km) = 0.00692 €/km

Alternative delivery cost function:
C =28.9+0.00692d

C = Delivery cost (€/m3)

d = Transport distance (km)

Example:
d=3000 km gives
C =28.9 + 0.00692*3000 = 49.66 €/m3 (or 24.83 €/MWh)

61

Observations:

A. The cost of stem wood harvesting and terrain transport is not
the same as the cost of collecting stumps, chipping branches
and tops etc..

B. The transport cost is not the same for stem wood as for chips
from branches, tops and stumps.

Alternative delivery cost function:
C =28.9+0.00692 d

C = Delivery cost (€/m3)

d = Transport distance (km)

(About 70% of the energy wood was from harvesting, consisting of non-industrial roundwood, unused
branches and to?s, defective wood resulting from logging, spruce stumps removed after final felling, and
30% from sawmills and plywood mills, i.e., chips, sawdust and bark.)

62

Observations:

C. The cost of "stem wood harvesting and terrain
transport” differs very much between companies
and technologies. In the Republic of Karelia, the
costs were found in this interval:

3.41 €/m3 (134 rRuBim3) — 9.39 €/m3 (369 RUB/m3)

(Exchange rate, 2010-09-08: 39.31 RUB/ € )
Source (empirical investigation): Syunev et al, Comparision of wood harvesting methods in the

Republic of Karelia, 2009
http://www.metla.fi/julkaisut/workingpapers/2009/mwp120.htm

63
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X(t)

Y(t)

n this region, the forest has not yet
heen reached by useful infrastructure

[Infrastructure boundary
i =

Infra Forestry
structure

67

68
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69

70

Method:

Multi period
quadratic programming

71

MODEL 1:

maxH Ze 7 (t)

dy oo

72
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The profit in a particular period is a
function of the decisions in that period
and the decisions in earlier periods

z(t)=~(,d.,d ,,..d,;e) , WVt

73

The decisions include investments and
other decisions in infrastructure, forest
industry and energy industry (=x) and
forestry (=y).

dt :{Xt’yt} , V1

74

n this region, the forest has not vet

been reached by useful infrastructure

nfrastructure boundary

Harvesting boundary

X(t) a
Y(t) -

Infra
structure

Forestry

In each period, the forestry
activities are constrained by the
infrastructure boundary

Yy <=X , Vi

76
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The volume of "first harvest”
during a particular period can be
described as a function of the
change of the "harvesting
boundary”.

hO,t — hO,t (yt J yt_l; .) y Vt

7

hn,t = hn,t(yt—s’ yt—s—l’ yt—ZS' yt—Zs—l"’ yt—ns’ yt—ns—l;.) '

The volume of ”later harvests”
during a particular period can be
described as a function of the
earlier changes of the
”harvesting boundaries”.

78

vt,n

Investments (of different kinds)
during a particular period are
functions of the change of the

infrastructure boundary.

Inv, =inv,(x,,X_;;®) , WVt

79

In a particular period, the
capacities of railroads, roads
and different kinds of industries
are functions of the
infrastructure boundary

rail, = rail (x,;8) , Vt
road, =road,(x,;e) , WVt
indc, =indc,(x;;e) , Wt

80
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Model 2:
max T1="e"R (h)h —C()

(g er) t=1

Total present value (M EURO . .
H P R(h) ( ) ht Harvest volume during period t (M m3)

t Period (year)
Pt (ht) Net price = Price minus variable

T  Time horizon (year) harvesting costs per cubic metre
(EURO/m3)
Xt Advancement during period t (km)
Costs of infrastructure investments
r Rate of interest C () and other costs not included in P, (hl)
(M EURO)

81

Xt Advancement during period t (km)

M Total advancement limit (km)

82

h =vx teil.. At

h =ViX +V,X_  te{At+1..,2At}
h =ViX Vo Xy +VoX oy tEe{2At+1..,T}
b ="h_init"

ht Harvest volume during period t (M m3) At Harvest interval (years)
Vl Harvest volume per advancement distance during the first harvest (M m3/km)

V Harvest volume per advancement distance during the second
2 (or later) harvest (M m3/km) 83

Harvest volume per advancement distance during the first harvest
1 (M m3/km).

Examples:

Distance from west to east = 3000 km.
1 km*3000km = 3000 km*km = 300 000 ha

"First harvest” / km 50 m3/ha * 300 000 ha/km
=15 M m3/km
or
=100 m3/ha * 300 000 ha/km
= 30 M m3/km 84
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V Harvest volume per advancement distance during the second
2 (or later) harvest (M m3/km).

Example:
Distance from west to east = 3000 km.
1 km*3000km = 3000 km*km = 300 000 ha

"Second (or later) harvest” / km =50 m3/ha * 300 000 ha/km
=15 M m3/km

85

(1-dhm) < % <(L+dnp) tefl..T 1)

h.—(1+dhp)h <0 te{l..T-1
(1-dhm)h —h,, <0 te{l,..T-1}

dhp Highest acceptable relative increase, per period, of ht

dhm Highest acceptable relative decrease, per period, of h[

86

A concrete example

Area = 3000 km * 1000 km = 300 M ha

Growth per ha: 2.5 3.5 4.5
(m3/year)

Total growth and | 750 1 050 1 350

possible
sustainable
harvest:

(M m3/year)
Total growth and |4 500 2100 2700

possible
sustainable
harvest:

(TWhlyear)

87

Growth comment:
Russian site index tables show
that the potential sustainable
growth and harvest are several
times higher than the reported
growth.

* Total growth potential 2919 million cubic metres on 645 million
hectares (the best soils) gives 4.53 m3/ha.

« Total growth potential 2919 million cubic metres per 809 million
hectares (total forest area) gives 3.608 m3/ha.

*  http:/lwww.lc com/RuMa09/Lohi der Presentation.ppt
«  http://Iwww.iiasa.ac.at/Research/FOR/forest I fund_en.html

88
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Bonitet (mhatie)

odli
gonitet 0

ngsforsoken
r tall oc

Odlingsforsdken
Bonitet for tall och contorta

‘ R from forest experiments ‘
14 _|__ 29 PRI = = o LA
| = bontall (Pinus silvestris, Scots Pine)
12 4 TEw bonﬁ ~ (Pinus contorta, Contorta Pine)
|
g
X |
& |
:ﬁ B
E ol
=
5 |
2 4 i
2t
0 -

SITall (m)  Site index, Pinus silvestris

Harvester in Pinus contorta thinning operation, Strémsund,

Sweden, 2010-09-03
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Forwarder in Pinus contorta thinning operation,
Stromsund, Sweden, 2010-09-03

93

Pinus contorta, planted 82 years ago.
Total production until age 75: 505 m3sk.
Average production: 6.73 m3sk/ha,year
Source: SCA, Korseleberget, 2010-09-03

© A ik

95

First thinning result, Pinus contorta, Stromsund, Sweden,
2010-09-03

Production example without thinnings

Pinus contorta, average conditions, Jamtland,
Sweden, from Magnus Andersson, SCA, during
excursion 2010-09-03

* Year 0: Plantation of 2200
seedlings per hectare

* Year 55: Harvest of 450
m3sk per hectare

» Average production:
8.18 m3sk/ha,year

96
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Production example with thinnings

Pinus contorta, average conditions, Jamtland,
Sweden from Magnus Andersson, SCA, during
excursion 2010-09-03

* Year 0: Plantation of 2200
seedlings per hectare

* Year 31: Thinning 42 m3sk
per hectare

* Year 41: Thinning 80 m3sk
per hectare

* Year 65: Harvest 375 m3sk
per hectare

» Average production:

7.65 m3sk/ha,year

97

Partial Russian Forest Data Table
Prepared by Peter Lohmander 2010-08-22 .
oy Growth comments:
© Roslesinforg, 2003 © VNIILM, 2003.
oo e e * Inthe area on the map, present growth is reported to be
N about 1.5 m3/year.
I » OBS: The reported growth is not real growth. The
Russian Federation 8829752 82130,1 st :393 82 :;3::::321 :":::;::575 fl g u reS are er I Ved Vi a averag e Sto C k | evel C h an g es
Moscow oblast 19738 410,77 6,68 208,1112575  3,384334786 bEtween age Class averag eS ’from prOdUCtlon
KrasnoyarskKray 550381 77956 785 141,6400639 1,426284701 functions , acco rdin g to an initiated source.
s o R LR + Site index tables in Russia seem to give potential growth
Tomsk oblast 192823  2779,52 31,31  144,1487789  1,623768949

much higher than than reported growth.

« Growth potential on average forest land is 3.6 m3/year

according to site index tables.
Aggregated information has been prepared by State Enterprise “Reslesinforg” (author team V.F.

| Sshnow . e, « 3.5 m3/year (and 300 M ha) would give sustainable
e o o et st o o9 sty 6 st et ot B growth and harvest of 1 050 M m3/year
been published in V.F. Fomchenkov et al., Forest Fund of Russia (data of State Forest Account, (or 2 100 TWh/year)

state by January 1, 2003), Reference Book, Moscow, VMILM (Al-Russia Research Insstute of
Forestry and Mechanizasion), 840 pp. [in Russian]
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Optimization
(Continuous cover or final fellings with reforestation.
Irrespective of method, the harvest volumes per hectar are
given with respect to the advancement. The growth
assumption made here is far below the production
potential.)

Growth per ha = 2.5 m3/year

* First harvest = 50 m3/ha

* Later harvests (20 year intervals)= 2.5*20
=50 m3/ha

Observation:

It is possible to increase the growth
considerably. Then, the optimal
sustainable harvest also increases.

Costs and profits etc.

* The profit will probably be higher than the
calculated profit .

Reason:

* The costs of harvest operations, road
investments etc. are assumed to be the same as
in Sweden. This probably overestimates these
costs considerably. Average wages are
considerably lower in Russian federation but on
the other hand, the labour efficiency is higher in
Sweden in many cases.

102

Numerical optimization
(VERSION 1)

I INTERNAT7.Ing;
! Peter Lohmander 2010_08_23;

MODEL:

SETS:
time/1..50/:x,h,Prof,d;
ENDSETS

rate = .05;
h_init = 100;
h(1) = h_init;

103

llImport price in Europe (Chips import
price, Sweden, 2009), 50 EURO per m3;

IMPP = 50;

IHarvest cost (including terrain
transport), 6.7 EURO/m3 (final fellings)
(Sweden 2006), 13.1 EURO/m3
(thinnings).

(Exchange rate = 10 SEK/EURO);

HARVC = 10;

104
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linvestment in reforestation, precommercial thinnings,
fertilization, maintenance and new investments in
roads etc are about 45% of harvest costs in Sweden
(2006);

IMC = HARVC/2;

ITransport cost (mainly railroad transport) from road or
railroad in central Russian Federation to central
Europe.

Railroad transport cost:

3000 km * 0.005 $/tonkm * 0.8 ton/m3 = 12$/m3 =
9.28 EURO/m3. ;

TRPC = 15;

NETP = IMPP - HARVC - IMC - TRPC;

dNETPdh = -.004;
@FREE(INETPdh);

105

@FOR(time(t): d(t)=@exp(-rate*t));
max = PresV;

@for(time(t): Prof(t) = (NETP +
dNETPdh*h(t))*h(t)*1000000);

106

@for(time(t)| tHLE#20 : h(t) = 15*x(t));

@for(time(t)| t#GT#20 #AND# t#LE#40 :
h(t) = 15*x(t) + 15*x(t-20));

@for(time(t)| t#GT#40 #AND# t#LE#60 :
h(t) = 15*x(t) + 15*x(t-20) + 15*x(t-40));

107

PresV = @sum(time(t): d(t)*Prof(t));

[totd] @sum(time(t):x(t)) <= 1000;

@for(time(t)| tLT#50 : h(t+1) < 1.2*h(t));

@for(time(t)| tALT#50 : h(t+1) > 0.98*h(t));

108
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ISustainable harvesting constraint;
@for(time(t)| t#HGT#30 : h(t) > 750);

toth = @SUM(time(t): h(t))/50;
tote = 2*toth;

109

DATA:
@OLE('internat7.XLS")=x,h,Prof, h_init,
rate, PresV, toth, tote;

The Optimal Present Value

PresV

1,64032E+11

(Approximately 164 billion Euro)

111

ENDDATA
end
Toth M m3
(harvest/year)
649,1610045 |
Tote TWh
(energylyear)

| 1298,322009 |

112
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Advancement
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CENTRAL QUESTION:

Where can Europe find 2 563 TWh of
"new” renewable energy ?

116
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CENTRAL QUESTIONS:

Would it be profitable to deliver this
renewable energy to Europe?
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Numerical optimization
(VERSION 2)
(Growth = 3.5 m3/year)

I INTERNAT7.Ing;
! Peter Lohmander 2010_08_23;

MODEL:

SETS:
time/1..50/:x,h,Prof,d;
ENDSETS

rate =.05;

h_init = 100;
h(1) = h_init;

121

llImport price in Europe (Chips import
price, Sweden, 2009), 50 EURO per m3;

IMPP = 50;

IHarvest cost (including terrain
transport), 6.7 EURO/m3 (final fellings)
(Sweden 2006), 13.1 EURO/m3
(thinnings).

(Exchange rate = 10 SEK/EURO);

HARVC = 10;
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linvestment in reforestation, precommercial thinnings,
fertilization, maintenance and new investments in
roads etc are about 45% of harvest costs in Sweden
(2006);

IMC = HARVC/2;

ITransport cost (mainly railroad transport) from road or
railroad in central Russian Federation to central
Europe.

Railroad transport cost:

3000 km * 0.005 $/tonkm * 0.8 ton/m3 = 12$/m3 =
9.28 EURO/m3. ;

TRPC = 15;

NETP = IMPP - HARVC - IMC - TRPC;

dNETPdh = -.004;
@FREE(INETPdh);
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@FOR(time(t): d(t)=@exp(-rate*t));
max = PresV;

@for(time(t): Prof(t) = (NETP +
dNETPdh*h(t))*h(t)*1000000);

124
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@for(time(t)] tHLE#20 : h(t) = 21*x(t));

@for(time(t)| t#GT#20 #AND# t#LE#40 :
h(t) = 21%x(t) + 21*x(t-20));

@for(time(t)| t#GT#40 #AND# t#LE#60 :
h(t) = 21*x(t) + 21*x(t-20) + 21*x(t-40));

125

PresV = @sum(time(t): d(t)*Prof(t));
[totd] @sum(time(t):x(t)) <= 1000;
@for(time(t)| t#LT#50 : h(t+1) < 1.2*h(t));

@for(time(t)| tALT#50 : h(t+1) > 0.98*h(t));
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ISustainable harvesting constraint;
@for(time(t)| t#GT#30 : h(t) > 1050);

toth = @SUM(time(t): h(t))/50;
tote = 2*toth;

127

DATA:

@OLE('internat7.XLS")=x,h,Prof, h_init,
rate, PresV, toth, tote;

ENDDATA

end

128
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The Optimal Present Value

PresV

1,97976E+11

(Approximately 198 billion Euro)

129

Toth (M m3/year)
873,9932054

Tote (TWhlyear)
1747,986411
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Harvest Volume

CENTRAL QUESTION:

Where can Europe find 2 563 TWh of
"new” renewable energy ?
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CENTRAL QUESTIONS:

Would it be profitable to deliver this
renewable energy to Europe?
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Profit

Billion EURC
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Billion EURC

Present Value of Obtained Profits
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Observation

If the growth would be

4,271666 m3/year,

Then, 2 563 TWh

would be possible to deliver,

each year, for ever, from this area.
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There are enormous options in the
Russian forest sector if we optimize the
dependent activities!

140
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GENERAL SUGGESTIONS:

Investigate, in detail, the most rational ways to improve
the total solution.

Some of the important parts to investigate are growth
under different treatments and costs of harvesting
and transport (including infrastructure investments
and maintenance) under different designs of the total
operation.

Then: Follow the optimized plan!

This way, Europe will get the desired amount of
renewable energy, the world climate improves and
considerable profits are generated!

141

Conclusions

In Russian Federation, the potential sustainable forest harvesting
level is more than ten times higher than present harvesting.

The forest resource may be used as a sustainable source of
energy in large regions of the world, such as central Europe.
EU has the target of 20% renewable energy in the year 2020.

The general structure of dynamic quadratic programming models
for optimal coordinated expansion of sustainable forest and bio
energy supply chains, infrastructure and industrial plants has
been studied.

Alternative dynamic quadratic programming models have been
described.

Typical dynamic solutions have been derived for a region in low
resolution.
142

A global project

Rational and sustainable international policy
for the forest sector

- with consideration of energy, global warming,
risk, and regional development

Coordinator:

Professor Dr. Peter Lohmander, SLU, SE-901 83
Umea, Sweden, Peter@Lohmander.com

143

Objectives:

» The project should develop a rational
and sustainable international policy for
the forest sector with consideration of
energy, global warming, risk, and regional
development.

» Specific national issues and conditions
should be considered in this process.

144
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Regions and Partners

» The project organization design process is
still going on. Regional coordinators have
already been defined for most parts of our
planet.

145

Project plan

A preliminary project plan with national
perspectives on the global project can be
downloaded here:

http://www.lohmander.com/ip090805.pdf

Observation: The time plan will be updated.
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Thank you for listening!
Questions?
Peter Lohmander
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