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Имеются хорошее
перспективы значительного
увеличения объемов
лесосырья разного
ассортимента, например
круглого леса. 
Независимо от распределения
между лесопилками, ЦБК и
энергетическими компаниями. 
Изучаются общие пути
оптимизации
скоординированного
расширения мощностей
поставщиков лесосырья и
биоэнергии и инфроструктуры.
Рассматриваются
альтернативные динамические
модели.

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.
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Выводятся оптимальные
решения для различных
случаев и делаются
предварительные выводы по
поводу значительного
расширения промышленных
мощностей разного рода
использующих лесосырье, что
в свою очередь, ведет к
увеличению занятости во всех
заинтересованных лесных
регионах в рассматриваемом
временном периоде
планирования.

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.
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Общая экономическая
стоимость, текущая
дисконтированная
стоимость всех операций в
лесном хозяйстве, затраты
на производство
лесопродуктов и энергии
значительно
увеличиваются если
вырубка и расширение
объемов сырья
производятся в рамках
предлагаемых
оптимизационных
моделей.

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.
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Кроме того за последние годы, 
доминирующей темой во всех
СМИ и на конференциях стали
комплексные проблемы
связанные с: глобальным
потеплением, парниковым
эффектом и уровнем запаса
углерода в лесах. 
При оптимизации использования
промышленных лесов, леса
способны удерживать больше
СО2 и таким образом мы можем
решить проблему глобального
потепления. 
Когда мы вырубаем лес и
используем пиломатериалы, для
постройки деревянных домов, 
мостов и других конструкций, 
накопленный в древесине углерод
остается в конструкциях.

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.
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Более того, при вырубке
освобождается место под
новые плантации, которая в
свою очередь, может
абсорбировать больше
углерода из атмосферы.
Если мы не будем
использовать неприрывное
неистощительное
лесопользование, 
то рано или поздно чистый
рост леса прекращается, что
ведет к прекращению
поглощения СО2 из
атмосферы.

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.
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EU has the target of 20% renewable energy in the 
year 2020. http://ec.europa.eu/energy/index_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. 

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

12

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 för svensk skogsenergi, Nordisk Energi, Nr. 2, 2009
http://www.lohmander.com/Information/ne1.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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Forest area (million hectares):

• Sweden: 23.000  (SVO, 2009)
• Russian Federation: 808.790  (FAO, 2005) 
• Canada: non res. =   260.643. (Canfi 2001)

18

19

Forest stock (million cubic 
metres):

Sweden: 3 155 (SVO, 2008)
Russian Federation: 80 479  (FAO, 2005) 
Canada: 29 384 (Canfi 2001)
Canada 32 983 (FAO 2005)

20



6

21

Total Roundwood Harvest (= Production) 2008
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Source: FAOSTAT
Adaptions by Peter Lohmander.
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"Fuelwood and Charcoal" divided by "Total Roundwood Harvest" 2008
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Chips Import and Export (Sweden)
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Chips Import Price (Cif) and Export Price (Fob)

0

100

200

300

400

500

600

1998 2000 2002 2004 2006 2008 2010

Year

SE
K

/m
3 

so
lid

Chips Import Price
Chips Export Price

Source:"Foreign Trade", Statistics Sweden; Sweden´s statistical databases
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27Exchange rate: Approximately 10 SEK/EURO 28

Wood fuel, Price (SEK/MWh), Sweden

Forest chips

Pellets etc.
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*
31 EURO

20 EURO

(Calculations based on exchange rate 10 SEK/EURO )
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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”. 30

31

Forest harvest (million cubic 
metres) (FAO, 2005):

• Sweden: 92.8 (Roundwood + pulpwood) 

• Russian Federation: 236 (Roundwood + 
pulpwood) 

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

32

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://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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Source:
http://www.iiasa.ac.at/Research/FOR/forest_cdrom/english/for_fund_en.html
(From Roslesinforg, 2003, VNIILM, 2003) 34

Calculation of the long run sustainable production level

35

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

36
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116.99

Annual
volume
growth
(increment)

38

Forest production potential 
(using Russian figures per 

hectare) (million cubic metres 
per year):

• Sweden: 23.000*3.608 = 83 (Observed growth = 117, 
SVO, 2009)

• Russian Federation: 808.790 000*3.608 = 2 918

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

39 40
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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

42The Siberian Larch (Larix sibirica)

43 44



12

45The Siberian Pine (Pinus sibirica) 46Siberian Fir (Abies sibirica)

47

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.

48

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..



13

49

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.
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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. 

51

• 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.

52

• 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.
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Infrastructure investments 
(in optimal combination with harvesting and transport)

54

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. 

55 56
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http://www.internationaltransportforum.org/Pub/pdf/10KeyStat2009.pdf

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

58

Source:
The World Bank, World Bank Railway Database, 2010
• http://siteresources.worldbank.org/EXTRAILWAYS/Resources/515244-1268663980770/6863841-

1276539314873/railways_database_2007.xls

Railroad Freight Revenue (Russia)
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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

60

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
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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 + 0.00692 d
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)

62

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 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.)

63

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 RUB/m3) – 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

64
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Method:

Multi period 
quadratic programming

72

MODEL 1:

1 ,...,
max ( )

T

rt

d d t

e t 
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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

1 0( ) ( , , ,., ; ) ,t tt t d d d t    

74

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

forestry (=y).

 , ,t t td x y t 

75 76

In each period, the forestry
activities are constrained by the 

infrastructure boundary

,t ty x t 
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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”.

0, 0, 1( , ; ) ,t t t th h y y t  

78

The volume of ”later harvests”
during a particular period can be 

described as a function of the 
earlier changes of the 

”harvesting boundaries”.

, , 1 2 2 1 1( , , , ,., , ; ) , ,n t n t t s t s t s t s t ns t nsh h y y y y y y t n          

79

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

infrastructure boundary.

1( , ; ) ,t t t tinv inv x x t  

80

In a particular period, the 
capacities of railroads, roads 

and different kinds of industries
are functions of the 

infrastructure boundary

( ; ) ,t t trail rail x t  

( ; ) ,t t troad road x t  

( ; ) ,t t tindc indc x t  
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Model 2:

1( ,..., ) 1
max ( ) (.)

T

T
rt

t t tx x t
e P h h C



  
 Total present value (M EURO)

t Period (year)

T Time horizon (year)

tx Advancement during period t (km)

r Rate of interest

th Harvest volume during period t (M m3)

( )t tP h Net price = Price minus variable 
harvesting costs per cubic metre 
(EURO/m3)

(.)C Costs of infrastructure investments 
and other costs not included in 

( )t tP h

( )t tP h
(M EURO)

82

1

T

t
t

x M



tx Advancement during period t (km)

M Total advancement limit (km)

83

 1 1,...,t th v x t t  
 1 2 1,..., 2t t t th v x v x t t t     

 1 2 2 2 2 1,...,t t t t t th v x v x v x t t T       

th Harvest volume during period t (M m3)

1v

2v
Harvest volume per advancement distance during the first harvest (M m3/km)

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

t Harvest interval (years)

1 " _ "h h init

84

1v Harvest volume per advancement distance during the first harvest
(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
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2v Harvest volume per advancement distance during the second 
(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

86

     11 1 1,..., 1t

t

hdhm dhp t T
h
 

      
 

   1 1 0 1,..., 1t th dhp h t T     

   11 0 1,..., 1t tdhm h h t T    

dhp

dhm

Highest acceptable relative increase, per period, of th

Highest acceptable relative decrease, per period, of th

87

A concrete example
Area = 3000 km * 1000 km = 300 M ha

1 3501 050750Total growth and 
possible
sustainable
harvest:
(M m3/year)

2 7002 1001 500Total growth and 
possible
sustainable
harvest:
(TWh/year)

4.53.52.5Growth per ha: 
(m3/year)

88

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://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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(Pinus silvestris, Scots Pine)
(Pinus contorta, Contorta Pine)

Site index, Pinus silvestris

Results from forest plantation experiments

91

Pinus contorta 31 years, 

204 m3/ha, Strömsund, Sweden, 2010-09-03

92

Harvester in Pinus contorta thinning operation, Strömsund, 

Sweden, 2010-09-03
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93

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

94

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

95

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

96

Production example without thinnings
Pinus contorta, average conditions, Jämtland, 
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
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Production example with thinnings
Pinus contorta, average conditions, Jämtland, 
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

98

99

1,623768949144,148778931,312779,5219282,3Tomsk oblast

1,465860812140,210646994,719059,0864610,5Irkutsk oblast

1,426284701141,640063978,57795,655038,1Krasnoyarsk Kray

3,384334786208,11125756,68410,771973,8Moscow oblast

1,12553557693,01518321993,8282130,1882975,2Russian Federation

incperham3perhaspecies, M m3

forming

of major forest

average incrementLand

Total StockForest Region

© VNIILM, 2003.© Roslesinforg, 2003

Original data sources: 

Prepared by Peter Lohmander 2010-08-22

Partial Russian Forest Data Table

100

Growth comments:
• In the area on the map, present growth is reported to be 

about 1.5 m3/year.
• OBS: The reported growth is not real growth. The 

figures are derived via average stock level changes
between age class averages, from production
functions, according to an initiated source.  

• Site index tables in Russia seem to give potential growth
much higher than than reported growth. 

• Growth potential on average forest land is 3.6 m3/year
according to site index tables.

• 3.5 m3/year (and 300 M ha) would give sustainable
growth and harvest of 1 050 M m3/year
(or 2 100 TWh/year) 
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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. 

102

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. 

103

Numerical optimization
(VERSION 1)

! INTERNAT7.lng;
! Peter Lohmander 2010_08_23;

MODEL:

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

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

104

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

IMPP = 50;
!Harvest 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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!Investment in reforestation, precommercial thinnings, 
fertilization, maintenance and new investments in 
roads etc are about 45% of harvest costs in Sweden 
(2006);

IMC = HARVC/2;
!Transport 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(dNETPdh);

106

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

max = PresV;

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

107

@for(time(t)| t#LE#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));

108

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)| t#LT#50 : h(t+1) > 0.98*h(t));
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!Sustainable harvesting constraint;
@for(time(t)| t#GT#30 : h(t) > 750);

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

110

DATA:
@OLE('internat7.XLS')=x,h,Prof, h_init, 

rate, PresV, toth, tote;
ENDDATA

end

111

The Optimal Present Value

(Approximately 164 billion Euro)

1,64032E+11

PresV

112

1298,322009

Tote TWh
(energy/year)

649,1610045

Toth M m3 
(harvest/year)
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CENTRAL QUESTION:

Where can Europe find 2 563 TWh of 
”new” renewable energy ?
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Energy Contents of Harvest
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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)
! INTERNAT7.lng;
! Peter Lohmander 2010_08_23;

MODEL:

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

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

122

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

IMPP = 50;
!Harvest cost (including terrain

transport), 6.7 EURO/m3 (final fellings) 
(Sweden 2006), 13.1 EURO/m3 
(thinnings).

(Exchange rate = 10 SEK/EURO);
HARVC = 10;

123

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

IMC = HARVC/2;
!Transport 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(dNETPdh);

124

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

max = PresV;

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

126

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)| t#LT#50 : h(t+1) > 0.98*h(t));

127

!Sustainable harvesting constraint;
@for(time(t)| t#GT#30 : h(t) > 1050);

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

128

DATA:
@OLE('internat7.XLS')=x,h,Prof, h_init, 

rate, PresV, toth, tote;
ENDDATA

end
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The Optimal Present Value

(Approximately 198 billion Euro)

1,97976E+11

PresV

130

1747,986411
Tote (TWh/year)

873,9932054
Toth (M m3/year)
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Harvest Volume
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CENTRAL QUESTION:

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

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

140

There are enormous options in the 
Russian forest sector if we optimize the 

dependent activities!
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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!

142

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. 
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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

144

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.
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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. 

146

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


