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Thank you Joe Roise for taking
me to NCSU!

Peter
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• Economics, optimization of industrial 
processes, infrastructure, logistics, 
sustainable energy systems, forest 
resources, global warming, and 
international trade are mostly studied 
as more or less independent topics. 

• It is however obvious that these things 
have very strong links. 
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This Presentation:
• The general problem of optimal carbon policy 

decisions and cost functions in forestry at the stand 
level.

• The general problem of optimal coordination of all 
forests and stands.

• Forests in the world and carbon policy topics in 
Europe, Russia, Canada and China.

• Optimization of a European carbon policy with links
to neighbour regions .  
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Let us go for the optimum!
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Imagine a typical forest stand in 
NC, USA.
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Present value as a function of 
rotation age, t

Maximization:
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Optimal t:
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Cost for deviation, h, from optimal t:
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Cost for deviation, h, from optimal t:
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Cost and marginal cost for 
deviation, h, from optimal t:
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Observations:

• The cost for deviation, h, from the optimal 
t, is a quadratic function of h.

• The marginal cost for deviation, h, from 
the optimal t is a linear function of h.

• The marginal cost for deviation, h, from 
the optimal t is approximately zero for very
small values of h. 
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• Typical case: We are interested to store 
more carbon, Z.

• We assume this relationship to hold
locally:
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Observations:
• The cost for new carbon storage, Z, via 

deviation from the optimal t, is a quadratic
function of Z.

• The marginal cost for new carbon storage, Z, 
is a linear function of Z.

• The marginal cost for new carbon storage, Z, 
is approximately zero for very small values of 
Z. 
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More generally:
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Observations with the general 
present value function :

• The cost for deviation, h, from the optimal t, 
is a quadratic function of h.

• The marginal cost for deviation, h, from the 
optimal t is a linear function of h.

• The marginal cost for deviation, h, from the 
optimal t is approximately zero for very small 
values of h. 
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The case with many stands:

• We want to increase the total storage of  
carbon by the amount Z. 

• We initially assume that, in every stand, 
this relationship holds:

• A deviation, h, from the optimal t, leads to 
increased carbon storage of the amount
kh, where k i a strictly positive konstant.  
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In each stand j:
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Marginally simplified version 
(special case) that can be used to 

give easily understandable
qualitative results:
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Marginally simplified version 
(special case) that can be used to 

give easily understandable
qualitative results:
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Marginally simplified version 
(special case) that can be used to 

give easily understandable
qualitative results:
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Marginally simplified version 
(special case) that can be used to 

give easily understandable
qualitative results:
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The optimal deviation, 
h, in a stand is an 
increasing function of 
the total amount of 
carbon that we want
to store, Z.

(kH = Z, k>0)
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The optimal deviation, 
h, in a particular
stand is a decreasing
function of the 
second derivative
parameter of the 
present value
function in that 
particular stand.
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The optimal deviation, 
h, in a particular stand 
is an increasing
function of the second 
derivative parameter of 
the present value
function in other
stands!
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The optimal decisions in other
stands are affected by the 

properties of the present value
function in this particular stand!
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A more general case:
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Also in the general case:

The optimal deviation, h, in a stand is 
an increasing function of the total 
amount of carbon that we want to store, 
Z.
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Also in the general case:

The optimal deviation, h, in a particular
stand is decreasing function of the 
second derivative parameter of the 
present value function in that 
particular stand.
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Also in the general case:

The optimal deviation, h, in a particular
stand is an increasing function of the 
second derivative parameter of the 
present value function in other stands!
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Let us investigate the World!
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• Existing stocks of global biomass
• Present harvests of global biomass
• International trade:

- volumes and prices of “forest 
biomass”

• Rational sustainable management
• Rational infrastructure investments
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• Economics, optimization of industrial processes, 
infrastructure, logistics, sustainable energy systems, 
forest resources, global warming, and international trade 
are mostly studied as more or less independent topics. 

• It is however obvious that these things have very strong 
links. This lecture focuses on the big picture, painted this 
way: Our planet has a common atmosphere. 

• If, and to what extent, we have global warming problem, 
partly caused by an increasing CO2 level in the 
atmosphere, is and has been intensively debated in 
connection to international negotiations during the latest
period.
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• In any case, some countries and regions of the world, 
have already defined targets with consideration of the 
CO2 issue. For instance, European Union has the target 
to have at least 20% renewable energy in the year 2020.

• The global distribution of forest resources such as 
standing timber and forest land with different properties
can be studied via official statistics published by United 
Nations and different national and regional 
organizations.

• The rationality of existing and potential forest activities, 
such as harvesting and forest investments in different 
parts of the world, can be studied and analysed via cost
and revenue data obtainable from a large number of 
sources, including published reports from forest reserach
organizations.
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• Statistics of relevance to infrastructure and logistics, 
such as capacities and costs in different countries, are 
available from the World Bank.

• It has been found that the “forest production capacity
utilization” levels are very different in different countries. 
In large regions, such as Russian Federation and 
Canada, the harvest levels are several times lower than
what is possible if the production potential of the land is 
fully utilized. This partly depends on limited infrastructure
availablility in these regions.

• The present lecture contains a general analysis of some
of the central decision problems of relevance to 
“Economic optimization of sustainable energy systems 
based on forest resources with consideration of the 
global warming problem, with international perspectives”.
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• An operations research approach to the total 
optimization problem is suggested, that 
maximizes the expected present value and takes
the CO2 considerations into account in different 
forms. 

• In order to generate optimal total results, 
infrastructure investments have to be 
coordinated with forest utilization expansion. 
Furthermore, all other related decisions have to 
be handled in an optimal way. 

• Some examples are given that show that it is 
possible to generate considerable economic
results and simultaneously reach the CO2 
targets.
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• In order to obtain the best possible total 
economic and environmental results, it is 
important to update existing national forest
laws and regulations and to investigate the 
problems without considering national 
boundaries as strict constraints. 

• Economics and environmental issues are 
global topics and have to be treated as 
such, in the interest of general economic
development and the sustainability of life 
on our planet.
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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 and Canada, the potential 
sustainable forest harvesting levels are several 
times higher than present harvesting. 

These biomass resources may be used as a 
sustainable source of energy in large regions of 
the world, such as 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? 
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Existing stocks of global biomass
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Source: The Global Forest Resources Assessment 2005, 
Main Report, FAO Forestry Paper 147
Adaptions by Peter Lohmander.
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Cubic metres to energy:
• 1 million cubic metre (on bark) can give approximately 2 TWh.

• (The number ”2” is a rough approximation for Swedish average
conditions”. Water contents and other properties affect these figures.)

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

Original manuscript with links to all background tables and assumptions:
http://www.lohmander.com/PL_SvSE_090205.pdf
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Energy from different fuels

Stem wood and 
chips

Water 
contents

Energy forest
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Energy unit conversions
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Forest Land Area 2005
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Annual Change in Forest Land Area
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Existing stocks of global biomass
(Focus on the northern hemisphere)
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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)
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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)
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Present harvests of global biomass
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Total Roundwood Harvest (= Production) 2008
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"Fuelwood and Charcoal" divided by "Total Roundwood Harvest" 2008
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International Trade:
Volumes and Prices of “forest biomass”
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Chips Import and Export (Sweden)
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Chips Import Price (Cif) and Export Price (Fob)
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Wood fuel, Price (SEK/MWh), Sweden

Forest chips

Pellets etc.
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(Calculations based on exchange rate 10 SEK/EURO )
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Sustainable management
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Harvest (2008) under bark / Stock (2005 or 2008) over bark 
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Annual Change in Forest Land Area
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Forest Land Area 2005
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Relative Annual Change of Forest Area 2005
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Present harvests of global biomass
(Focus on the northern hemisphere)
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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) 
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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



104



105

116.99

Annual
volume
growth
(increment)



106

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
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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
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Focus on Canada
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http://www.ccfm.org/ci/rprt2005/English/pdf/5.3a.pdf
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http://www.canadaforests.nrcan.gc.ca/articletopic/14

A global endowment
Article Date: 2005-09-01

About 750 000 hectares—or 0.2 percent of the total boreal forest
—are harvested each year.

The part not managed for timber production is either 
unavailable because it has been designated as 
protected areas and reserves, 
or currently considered inaccessible. 

Unlike the forests of the United States, Scandinavia and the 
majority of other nations, 
most of Canada's forests (93 percent) are publicly owned. 
The remaining 7 percent are held by private owners. 
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http://www.sfmcanada.org/english/pdf/SFMBooklet_E_US.pdf
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http://www.sfmcanada.org/english/im-accessbyroad.asp
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Focus on Russian Federation
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Strategic options for the forest sector in 
Russia with focus on economic 

optimization, energy and sustainability
International Seminar: Economics of Forestry and the Forest Sector: Actual Problems 

and Trends, Saint Petersburg, Russia, March 26-27, 2009

Saint-Petersburg State Forest Technical Academy, PROCES – EFI Project Centre 
in Saint Petersburg, International Centre of Forestry and Forest Industry (ICFFI)

Peter Lohmander
Professor of Forest Management and Economic Optimization

SLU, Swedish University of Agricultural Sciences
Umea, Sweden

http://www.Lohmander.com



117

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, maybe ten times! 

The harvest levels of the main wood assortments are only 2-3 
times higher than in Sweden.
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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..
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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 could be ten 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. 
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• 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.
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• 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)
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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. 
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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
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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

3000 km * 
0.005 $/tonkm * 
0.8 ton/m3 
= 12 $/m3

12$/m3 * 
0.773 EURO/$
= 9.28 EURO/m3
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Let us try to hit the optimal 
solution!
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Method:

Multi period 
quadratic programming
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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 decision in that period and 

the decision in earlier periods

1 0( ) ( , , ,., ; ) ,t tt t d d d t    
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The decisions include investments and 
other decisions in infrastructure, forest
industry and energy industry (=x) and 

forestry (=y).

 , ,t t td x y t 
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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  
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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          
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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  
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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)
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1

T

t
t

x M



tx Advancement during period t (km)

M Total advancement limit (km)
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 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
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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
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     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
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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)

4.53.52.5Growth per ha: 
(m3/year)
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Growth assumptions:
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)
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Calculation of the long run sustainable production level



161



162

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
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Growth comments:

• In the area on the map, present growth is 
reported to be about 1.5 m3/year.

• Site index tables in Russia seem to give
potential growth about 3 times higher than
reported growth. 

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

• 3.5 m3/year 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 area of 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 harvests also increase. 
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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. 
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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;
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!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);
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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);
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@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));
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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;
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DATA:
@OLE('internat7.XLS')=x,h,Prof, h_init, 

rate, PresV, toth, tote;
ENDDATA

end
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The Optimal Present Value

(Approximately 164 billion Euro)

1,64032E+11

PresV
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1298,322009

Tote TWh
(energy/year)

649,1610045

Toth M m3 
(harvest/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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Present Value of Obtained Profits
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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;
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!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);
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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);
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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));
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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) > 1050);

toth = @SUM(time(t): h(t))/50;
tote = 2*toth;
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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
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1747,986411
Tote (TWh/year)

873,9932054
Toth (M m3/year)
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Total Advancement
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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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CENTRAL QUESTIONS:

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

In Russian Federation and Canada, the potential sustainable forest 
harvesting levels are several times higher than present harvesting. 

These biomass resources 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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RISK and ADAPTIVE 
OPTIMIZATION
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Thank you for listening!
Questions?

Peter Lohmander
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Thank you Joe Roise for taking
me to NCSU!

Peter
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