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The bioenergy journey until today DBFZ
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Woody biomass resources in Germany (2010) DBFZ

sawindustry 37,3 Mio. Fm -------- : ....16,9 Mio. Fm wood

products

total

135,5 Mio.
Festmeter (Fm)

++10,6 Mio. Fm -g[julose

..... 2,3 Mio. Fm others

bioenergy 68,4 Mio. Fm............

Quelle: Mantau/Holzrohstoffbilanz Deutschland 2012 © FNR 2012




Development of renewable power generationin  DBFZ
Germany
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Geothermal power planks are rot shown hemne becauss of their very smalll share.
1 including solid and liquid biomiass, biogas indeding bomethana, sewsge g, landfill gas and the biogenic fraction of waste; also including sewage sludge as of 2000
Smarres: BMWi on tha basis of AGEE-551 and other sources; see fipere 8, some data provisional

Source: BMWi, Renewable energy sources in figures. 2015



Power generation from woody biomass in

DBFZ
Germany
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[ Reducing feed-in-tariffs in 2014 stopped the increase more or less. ]




Power generation from biomass - future
perspectives

DBFZ

9.000

B
=
—_
S
[
3
o
(=3
©
2
©
-
17}
£
w©
-
o
-

B Waste wood
power plant

M Paper production
power plant

B Wood (heat and)
power plant

H manure small scale
biogas plant

# Flex-power biogas

H energy crops
biogas plant

M biowaste biogas
plant

= biomethane plant

biooil CHP

New building corridor is only 100 ‘
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Development of heat generation from renewables in

DBFZ
Germany
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level for some years, due to low oil and gas
prices and discussion about emission levels.
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DBFZ

bioenergy
from waste th | heat pumps
g 3% solarthermal geoo ;;ma 7,5% almost 1 Mio. biomass
' 5,3% 207 boilers und 10-12 Mio. single
landfil gas room heaters

0,1%
sewage sludge

gas :
0,6% /biogas
biomethan . 9,6%

1,6%
Source: Wodtke
liquid biofuels
1,4%
solid biofuels
CHP heat
total: 141 TWh 5,4% Quelle: BWK, 2016

Up to now most biomass heat systems as single

Source: Guntamatic

technology or base load supply (70-100%). g



DBFZ

Development of wood pellet market in Germany
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Bioenergy status quo DBFZ

Estimated Renewable Energy Share of Global Final Energy Global biomass flows in 2012
Consumption 2014
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With higher efficiency, especially in wood combustion, high potential
of final energy without additional feedstock is available.




Bioenergy challenges DBFZ

Costs Sustainable Raw Materials
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Decarbonizing -> Renewable energy system DBFZ

To keep global warming below 22C means immediately transition of energy
system to more or less only renewables.

* Main energy supply comes from Wind and Solar.
* High fluctuations in power, but also within heat supply system.
Energy storage and demand side management becomes immanent.

Europe is thinking about more significant price signals in the electricity market
also for end users.

* Biomass could no longer be used as a base load technology!

Power generation 2015

(source: open power system data)
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From modern to smart bioenergy — The vision D@

Y

© adamsyulur / Fotolia.com

Tradtional bioenergy provision Modern bioenergy provision Integrated bioenergy provision

BioEconomy

Source: Thrén, Smart Bioenergy, 2015
» Use of sustainable raw materials
» Further development of technologies for smart integration into a energy
systems with high shares of renewables — hybrid- and multibrid-systems
* Integration into future BioEconomy concepts 13



Modern CHP-technologies for solid biomass DBFZ
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Flexible power production from solid
DBFZ

Comparison of different concepts for flexible power generation from solid biomass

Power generation Potential electrical . o
Status Load change rate Electrical efficiency
concept output range

Combustion + steam 30%-110% (0-110%
: : State-of-the-art o/+ _ o
turbine or steam engine with steam storage)
Combustion + ORC State-of-the-art o/+ 0-100% -
: Available
Combustion + EFGT + 30% - 110% o
technology
- : Available 50% - 110% (0-110%
Gasification + gas turbine o/+ i +
technology with syngas storage)

o : 50% - 110% (0-110%
Gasification Feas ensine N -1 (-Ee] S s T-Er-Tg + . ¥
with syngas storage)

_ 50% - 110% (0 - 110%
Hybrid IGCC New concept ++ _ ++
for the gas turbine part)

Gasification + fuel cell New concept ++ -100% - +100% ++

Source: Ortwein, Smart Bioenergy, 2015
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Flexible heat provision — fundamental concept of DBFz
SmartBiomassHeat

Example of connection of components — not
all of the components will be installed in one
building, but may be in one accommodation
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Biomass to close heat gaps and stabilize local power grid.




Micro CHP for solid biofuels DBFZ
o
® micro- and mini-combined heat :Zz
and power plants for heat supply £ 5o
and power grid stabilization § 400

Time [min]

— Target Power OQutput —— Power Qutput

* laboratory charcoal gasifier with 0.55
kWel motor engine

- high operational flexibility proven!
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Source: Kruger, DBFZ 2014 17




What is necessary: High quality solid fuels DBFZ

* washed leave pellets

I-{lit) ASe-Uy

xxxxxx

Florafuel AG Anlage
* torrefied, washed and pre-

conditioned High-End-Compactates

for high reliable and flexible use also
in small scale units

Source: Pusch AG
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Resea rch needs DBFZ
Innovative Products ... ... for Future Markets

Innovative
Bioenergy
Carriers

Smart
Bioenergy
Provision

Specific Use of
Bioenergy

19



The role of bioenergy is changing towards an integrated and supply securing
utilisation of sustainable biomass potentials, especially residues, by-products
and biowaste —

Innovative methods, coupling and cascade use, precise and flexible controllable
systems and integrated provision concepts are important components. Their
development need a reliable framework.

Regional adapted plant size, fuel preparation (analysing, drying, mixing,
pelletisation, torrefication, HTC) and demand-oriented plant operation will
improve efficiency and effectivity of biomass utilisation integrated in a
renewable energy system (co-generation and hybrid-systems).

Significant price differences in the electricity market according to availability
of wind and solar can increase adaption of energy use from biomass to more
system suitability.

High subsidies help market integration of new technologies, but they have the
risk of high costs and not optimized solutions! Therefore continue the further
optimization and integration of woody energy!
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Smart Bioenergy — Innovations for a sustainable future!
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