Biomass production for bioenergy:
land-use and climate change

Considerations for high latitudes

Prof. Pertti J. Martikainen

Department of Environmental Science
University of Kuopio

FINLAND

OPEN DAYS
Brussels 6 October 2009

Pertti.Martikainen@uku.fi




RENEWABLE ENERGY IN EUROPE

General EU target: 20 % of energy used should be based on renewable
energy sources by 2020

Finland by 2020: 38 % of energy should be renewable
(was 28.5 % in 2005)

Bioenergy based on forest biomass and bioenergy crops (field biomass)
have an important role In the development of renewable energy




~ ISBIOENERGY CLIMATICALLY NEUTRAL?
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negates global warming reduction by
replacing fossil fuels
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Annual balance of greenhouse gases (CO,, CH,, N,O) of ecosystems (with

peat or mineral soils) used for agriculture or forestry in Nordic countries

Gas (gm ™ yr Peat so1ls (agriculture) Mineral so aericuliure

Mean  Min Max n Mean Min Max n
Wet CO; exchange 1790 200 3040 7 741 - - i3
CH, flux 0.123 -0.24 156 15 -0.053 -0.26 0.033 16
N,O flux ﬂ 0.046 550 19 0342 0.050 0.64 26
Total GWP as CO:eq. 2200 -640

Peat soils (forests) B Mineral soils (forests) 9

Mean Min Max n Mean Min Max n
Net CO, exchange -900 - - L -430 -1100 760 16
CH, flux 0.647 -0.869 476 40  -0.262 -0.760 0025 11
N-O flux 0324 >=0.001 4.10 44 0.035 -0.009 0.108 16

Total GWP as COz:eq. -790 -480



An example:
Cultivation of perennial grass (reed canary grass, Phalaris
arundinaceae) for bioenergy on an organic soll

What is the real climatic value of this biomass?
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Components of the reed canary grass life cycle analysis (LCA)
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Shurpali et al. 2009. Life cycle analysis (LCA) of a bioenergy crop cultivation on organic soil (manuscript)

Shurpali et al. 2009. Cultivation of a perennial grass for bioenergy on a boreal organic soil — carbon sink or source? Global Change Biology
Bioenergy, doi:10.1111/j.1757-1707.2009.01003x

Hyvonen et al. 2009- Fluxes of nitrous oxide and methane on an abandoned peat extraction site: Effect of reed canary grass cultivation
Bioresource Technoloay 100: 4723-4730.



What is needed to evaluate how bioenergy reduces the atmospheric
greenhouse gas load from energy production

e Just to know the amount of carbon in harvested biomass is not
enough

* The gas balance of the whole production chain has to be analyzed
(life-cycle)

* The chain starts with the production of biomass (forest biomass ,
agro-biofuels). The basic question is: What are the real greenhouse
gas balances of sites used for biomass production?

- We have to know the CO, exchange between the atmosphere
and vegetation + soil. The carbon reservoir of soil can remain
constant, decrease or increase. If the cultivation increases the
decomposition of soil organic matter, the site can act as a source
of CO, even carbon is bound to biomass.

- What are the emissions of N,O and CH,?

 Climatic impact of bioenergy varies between years depending on the weather
conditions which affect annual gas balances and crop yield
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Issues concerning production and use of bioenergy:

Climate effects

Health effects
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