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 In the production of district heating, electricagd many other energy outputs, we may use fossi fu
and renewable inputs, in different combinationse dptimal input mix is a function of technological
options, prices of different inputs and costs téralative levels of environmental consequences.

* Even with presentl existin? technology in combimedt and power plants, it is usually possible to
_redutce the amount of fossil fuels such as coaktmgly increase the level of forest based energy
inputs.

* In large parts of the world, such as Russian Féidargorest stocks are close to dynamic equiliana
the sense that the net growth (and net carbon episklose to zero. If these forests will be partl
harvested, the net growth and CO2 uptake can iserea

* In Norway and UK, CCS has been applied and a cowgiairattractive option during many years and
the physical potential is large. With increasingoca taxes in all parts of the world, such develeptn
could be expected everywhere.

» With increasing levels of forest inputs in combioatwith CCS, it is possible to reduce the COZhia t
atmosphere and the global warming problem can bbeged. Furthermore, international trade in forest
based energy can improve international relatie@monal development and environmental conditions.



* In the production of district heating, electricity
and many other energy outputs, we may usessi|
fuels and renewable Inputs, In different
combinations

* The optimal input mix is a function of
technological options, prices of different inputs
and costs of alternative levels of environmental
conseguences.



et us define a modethat includes the most
important parts of the global problem!

* Include alternative energy sourceand CO2 effects
* Include relevant production options
« Make it possible to derive policy conclusions in a transparent way

OBSERVATION:
More details can easily be included in the model. Then, however,

a transparent analysis and presentation are no longer possible.
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This presentation focuses on problem definition
and a transparent derivation and summary of
central results.

A complete mathematical analysis with a more
detailed model is of course also possible but
would take much more time.
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The optimal level of CCS

decreases If we put more weight on
the costs of operations.

Increases If the marginal cost of
global warming increases.

Increases if the technical efficiency
of CCS increases.
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If the total energy consumption

INncreases
7 &&
 the optimal level of fossil energy input ] && &&# +
Increases.
7 &&
. _the optimal level of forest energy input — 23 &&# +
Increases.
07 && &&
e the marginal cost of energy input increases. ____
9 gy Inp 2% &&# +
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If the marginal cost of
global warming
Increases

the optimal level of fossil
energy input decreases.

the optimal level of forest
energy Input increases.

the marginal cost of energy
Input increases.
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If the costs of operations
are considered more
Important

the optimal level of fossil energy
Input increases (now) and
decreases (later)

the optimal level of forest energy
Input decreases (nowand
Increases (later).

the marginal cost of energy input
Increases.
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If the CO2 emissions from fossil
energy operations (per unit)
Increases, ( Increases over time
since you have to extract from deeper
levels and in more remote places.)

the optimal level of fossil energy
Input decreases.

the optimal level of forest energy
Input increases.

the marginal cost of energy input
Increases.
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If the CO2 emissions from forest
operations (per unit) decrease, ( may
decrease thanks to more rallways In
remote areas etc.)

the optimal level of fossil energy input
decreases.

the optimal level of forest energy input
Increases.

the marginal cost of energy input
decreases.




Now, we Investigate
the real world!




First, let us look at the
"total energy supply”
In a small country, Sweden:



Two sources of energy supply in Sweden
Bioenergy= Green
Wind power = Blue
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Three sources of energy supply in Sweden
Oil = Black
Coal = Grey
Natural Gas = Purple
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Three sources of energy supply in Sweden
Nuclear energy(Gross value) = Red
Bioenergy= Green

Hydro energy (Gross value) = Dark Blue
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Now, let us look at the
"total energy supply”
In combined heat and power plants
In Sweden:
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Handeld CHP
Norrképing, Sweden

Pictures by
Peter Lohmander
2008-12-11
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The increasing use of bioenergy and
decreasing use of coal and oil can be

explained by the increasing tax on fossil
fuels ("CO2 taxation”).



Summary of the CO2 tax policy in Sweden from the
International Institute for Sustainable Development
http://www.lisd.org/greenbud/sweden.htm
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Can we increase the bioenergy supply from forests
without negative effects on the CO2 net uptake?

e In large parts of the world, such as Russian
Federation, forest stocks are close to dynamic
equilibria, In the sense that the net growth (and net
carbon uptake) Is close to zero.

o If these forests will be partly harvested, the net
growth and CO2 uptake can increase
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Conclusion:

Yes, we can increase the bioenergy supply
from the forests very much without negative
effects on the CO2 net uptake!
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Conclusion:

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

very much.



Focus on Canada
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Conclusion:

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



Maybe CCS
(Carbon Capture and Storagg
IS also a useful component in our problem?

Carbon dioxide uptake by forests,
: biomass plantatons and degraded

mine lands that are restored
Dispersed CO: ﬁ)

Capture and
separation

Carbon-based
production

(e.g. fuels, power, |

wood, plastics)
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 In Norway (Statoil) and UK (British Petroleum) , CCS
(Carbon Capture and Storagg has been applied and a
commercially attractive option during many years and
the physical potential is large.

. BY C +* $ C8 $

e With increasing carbon taxesin all parts of the world,
such developments could be expected everywhere.
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With increasing levels of forest inputs in combination with
CCS, it is possible to reduce the CO2 in the atmosphere
and the global warming problem can be managed.

« Lohmander, P., Economic forest production with consideration of tk forest and energy industries,
E.ON International Bioenergy Conference, Malmo, Sweden, 2008-10-30
http://www.lohmander.com/eon081030/eon081030.ppt

* Lohmander, P., Oé)timal dynamic control of the forest resource wh changing energy demand functions
and valuation of CO2 storage, UEZ2008.fr, The European Forest-based SectBip-Responses to
Address New Climate and Energy Challenges? Nancy, France, Noveenl®-8, 2008
http://www.lohmander.com/Nancy08/Nancy08.ppt

» Lohmander, P., The Economics of Forest Biomass and a Rational Europe@arbon Policy, NCSU,
North Carolina State University, Pulp and Paper Laboratory, March 22,2012
http://www.lohmander.com/PLNCSU120322.ppt

p:/lwww.lohmander.com pdf
ntp:// www.lonmander.com/PLNCSUZ01 2. pdr
nttp://www.lonmander.com/PLNCSUZ012.docC




International trade in forest based energ¥ can impove international relations,
regional development and environmental conditions.

The “2020” targets of EU with resB_ect to renewablenergy, can be met, in an
Ie:ccc>jnorrt1_|(:ally favorable way, with bioenergy from thdorests of Russian
ederation.

Lohmander, P., Methodology for optimization of coodinated forestry, bloenerg%/ and infrastructure
investments with focus on Russian Federation, MosaoState Forestry University Forest Bulletin,
ISSN 1727-3749, No 84, Issue 1, 2012

http://www.lohmander.com/PLMosc12.pdf

ﬁffp:77www.Ioﬁmanaer.com7PER0201262.doc

nttp:// www.Lohmander.com/PLRUZ010.pdt o _
hitp://lwww.lesaevrasii.ru/wp-content/uploads/oficidnye-dokumenty/sbornik le 2010.pdf

Lohmander, P., Economic optimization of sustainablenergy systems based on forest
resources with consideration of the global warmingproblem: International perspectives,
BIT’s 2nd World Congress on Bioenergy, Xi‘an, China April 25-28, 2012
http://www.Lohmander.com/WorldCongress12 PL.pdf
http://www.Lohmander.com/WorldCongress1lZ2 PL.docC
nttp://www.Lohmander.com/PLWCBELZ.ppt




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

Moscow State Forestry University Forest Bulletin,

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

With increasing levels of forest inputs in combinah with CCS, itis
possible to reduce the CO2 in the atmosphere areldlobal warming
problem can be managed.

Furthermore, international trade in forest based ergy can improve
International relations, regional development anavaronmental
conditions.

All suggestions concerning future cooperation projs are welcome!

Thank you!

Peter Lohmander
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