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Nomenestomen.................

FZK IMK — Atmospheric Environmental Research  (IFU)

Reactive trace gases Climate relevant trace gases

Interactions of C- and N-trace gases between biosphere and
atmosphere and their impact on environment and climate
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Our concept..... Greenhouse

From process
understanding

Laboratory Field

To model development
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BIOMASS POTENTIAL - OVERVIEW

Energy plants Residues & Byproducts Waste

Source: DBFZ, Kaltschmitt, Thran, 2007
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BIOMASS POTENTIAL — AIMS OF GERMANY

Determined aims for Germany 2010 2020
Proportion of renewable energy of total primary energy 4.2% 10%
Proportion of renewable electric power of total electricity 12.5% 20%

Proportion of green fuel of total fuel consumption 6.25%

6.25% (2014)

Aims till 2020 according to the German
government policy statement from 26-04-2007
Renewable total 20%
Renewable electricity 27%
Biofuels 17%
Heat 14%
Enhanced power efficiency 20%

Contribution of Alpine / Mountain regions?
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CO, AVOIDANCE versus CO, AVOIDANCE COSTS

CO,equi avoidance costs (€t CO,eqy™)

Ethanol Biogas (power)
(wheat) Biogas (feeding)
Biogas (power & heat)
Biodiesel
Biogas (fuel) s & stream
. Wood chips cogeneration plant)
Crop chips eration plant)

Crop chips(gas & stream

cogeneration plant) Wood chips (fir

CO,equi avoidance (t CO,, hat)

Source: WBA 2007, NABU-UBA 2008
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TRENDS OF WOODY BIOMASS CONSUMPTION

Woody fuel consumption in Germany in 2006 (8,2 Mio. t)

Old wood =51 %
Mixed wood =40 %
Landscape work and forest wood =9 %
Widely utilized !
Trends:
« Old wood is the major fuel used in actual compustion
plants.

* Mixed wood & forest wood mostly used in small power
plants and cogeneration plants

New biomass potential only when cultivation of fast growing tree
species becomes enforced (short rotation coppice, ,Alley cropping“
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DISTRIBUTION OF NATURAL AND MANAGED POPLAR FORESTS
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Estimated potential of ,bioenergy trees' in Alpine /Mountain regions ?

Source: modified after Int. Poplar Commission 2006
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NETTO ENERGY BALANCE OF BIOFUELS

NEB DOES'NT TAKE INTO ACOUNT
GHG AND OTHER TRACE GAS

EMISSIONS

Source: Hill et al. (2006) PNAS
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SUSTAINABLE PRODUCTION OF BIOMASS AND BIOFUELS

Reduction of trace gas emissions with
respect to land use change and GHG

emissions
,Food vs. Fuel* /Jeconomic
topics

IMPORTANT ASPECTS OF
A SUSTAINABLE
BIOMASS PRODUCTIO

Protection of
natural habitats and
biodiversity

Sustainable land use
management

Compliance of social
(minimum) standards

Contribution of reactive trace gas
emissions to air quality and
climate warming
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WHAT ARE TRACE GASES ?

60-70%

T @ c
Volatile terpenes 60-70%

Photosynthesis

CH,-Oxidation
Methanogenesis




GLOBAL TRENDS OF GREEN HOUSE GASES

Co,

Methane

Climate sensitivity 21x CO,

Nitrous oxide

Atmospheric concentrations

Climate sensitivity 310 x CO,
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BIOSPHERE-ATMOSPHERE-INTERACTIONS

Influence on
BVOCs Primary natural Estimated global Mean atmos.
(after Fall, 1999) sources emissions y-! [Mt C] Lifetime [d]
Wetlands,

Methane Rice paddies 319-412 4000
Isoprene Plants 175-503 0.2
Monoterpenes Plants 127-480 0.1-0.2

, : Marine
Dimethylsulfide ohytoplankton 15-30 <0.9
Ethene Plants, Solls, 8-25 1.9

Oceans

ORVOCs (e.g.
Aldehydes. MBO) Plants ca. 260 <1
OVOCs (e.g. MeOH
SON Accione. aidey  Plants, Soils ca. 260 -1

Loreto et al. (2001) Plant Physiol. 126: 993-1000
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REPORTER-GENE PLANTS AS TOOL TO STUDY REGULATION
OF THE PcIlSPS PROMOTOR

Cinege et al. (2009) Plant
Mol Biol,
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MOLECULAR PROOF OF ISOPRENE FUNCTION:
Isoprene emission contributes to thermal protection of leaves

leaf temperature [TC]

isoprene emisison rate [nmol m2 s'l]

net assimilation rate [umol m2 s'l]
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Behnke et al. (2008) The Plant Journa
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FAST GROWING TREES — AN OPTION FOR ALPINE REGIONS ?

Possible advantages

» Possitive NEB (so far known) & best CO cost avoidance when combined with

2equi
cogeneration plants (power & heat)

» Low emission of N-trace (N,O) gases (so far known)

* Fixation of labile wetland slides

» Retardation of water runoff

 Alternative income for mountain farmers, extensive use of non-managed farmland

Possible disadvantages
» Emissions of VOC can contribute to local photosmog (e.g. Brennero transverse)
* Influence on biodiversity when stands are too large (< 1-2 ha)

* Influence on natural scenery (acceptance by local population)
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CHARACTERISTICS OF POSSIBLE BIOENERGY TREES

In Central Europe 4 main tree species are of interest

* Poplars (Populus spec)

» Willows (Salix spec.)

 Locust (Robinia pseudoacacia L.)

 Alder (Alnus spec.)

Clones (mostly from lItaly) for cultivation
under more cold and ,extremer” climate
are available
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Critical limits for short rotation coppice with pop lars and willows

CLIMATE

Precipitation (April — Sept.) > 300 mm
Annual mean temperatures >7C
SOILS

pH-values of soll 55-6,5

Fresh to wet, good irradiated sites

MEASURE OF PRODUCTIVITY OF AGRICULTURAL LAND
Field # < 40*

*accord to a yield of 40 % relative to optimal climate and soil condition
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SCIENTIFIC IDEAS FOR AN ALLIANCE ON ENVIRONMENT AND
FOREST RESEARCH AND INNOVATION

* Phenotyping (e.g. growth, photosynthesis, VOC emissions, fitness) of
possible bioernergy trees under alpine climate

 Field experiments at different model sites (labile wetland slides,
mountain farmland, river shores); productivity, biodiversity etc.

« Estimation of C- and N- trace gas balance, water cycle, NEB

» Development of criteria for sustainable biomass production in

Alpine regions
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