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e« 2000 years ago - Roman empire

— specific energy consumption approximately 7.2 GJ

e 18th/19t century - 1st industrial revolution

— specific energy consumption approximately 24 GJ

e 20th century - 2nd industrial revolution

— specific energy consumption approximately 115 GJ
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Biomass is chemically converted and
stored solar energy
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What is the composition of biomass?

Most biomass

— consist of hemicellulose, cellulose and lignin plus
water and minerals (ash)

— has an approximate composition of
45 to 50% carbon
40 to 45% oxygen
5to 6% hydrogen
— small amounts of sulphur and nitrogen
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What are the characterlstlcs of biomass and
fossil fuels for energy production?

Moisture Lower heating Ash content
content (%)  value (KWh/kg (% of
dry matter) dry matter)

Wood without bark 50 - 60 5.1-5.6 0.4-0.5
Bark 45 - 65 51-64 2.0-3.0
Forest residues (coniferous with needles) 50 - 60 5.1-5.6 1.0 - 3.0
Straw 10 - 25 4.0-4.2 3.0-5.0
Bagasse (South Africa, untreated) aver. 69.5 aver. 1.8 aver. 1.7
Bagasse (ash incl. contaminants) treated 0/20 5.0/3.9 1.0 - 3.0

Pellets <10 > 4.7 <0.7
Coal 6-10 7.2-17.9 8.5-10.9




 There are some alternatives for the production
of biomass for energy

— Intensive production on highly productive
agricultural land

— extensive production on marginal land
— biomass residues from forestry and set-aside land
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 Benefits
— Job creation - 6to 15 jobs per 1,000 TOE bioenergy

e in INndustry
e in agricultur and forestry

e Constraints
— competition in land utilisation
—ecological risks
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Main bloenergy transformation routes

crushing transesterification

Oil crops Vegetable Methyl ester

(rape, sunflower, etc.) oil (Biodiesel)
refining

hydrolysis fermentation

Sugar

Liquid biofuel

Sugar and starch plants
(sugar cane, sugar beet,
cereals, sweet sorghum, etc.)

hydrolysis

Pyrolytic oil

Electricity

Solid biomass
(wood, straw, peat, bagasse, etc.)

; anaerobic
Wet biomass

(organic waste, manure, etc.)
fermentation
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Transport

Space heating




e Solid biofuels are used by around 90% for
the production of heat.

« They can be transformed to energy and/or
energy carriers by:

— Combustion
— Thermal treatment

— Thermal degradation
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« Simple shaft furnace used for chips, logs, pellets, etc.
mainly for domestic heating

Flame chamber

Heat exchanger

“~ = Flue gas

Grate  Ash removal
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 Underfeed furnace as is used for bigger heat demand
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 Grate furnace as is used for bigger heat demand and
also for incineraton

Flue gas
i

Heat exchanger

2| Stoker grate™==—-

Primary air Ash remova
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o Specified furnace for straw combustion
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Secondary air

Biomass dust and primary air
|

Ash removal
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Fluidised bed
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Power plants consist of

Fuel storage

Combustion unit

Steam production

Heat production

Electricity generation

Additional steam utilisation and/or condensation










Thenmal o
botlor

imass
-

Thormal o cycle

Frumaca

Thermad il BEOO

ORC-

procass

i

Evaporator

Silicon ol
PLUETI

wondensa

Generalor
{diracSy coupiod

gty sl

Corndhuesleon

Fie gas

air pra-healer

Ciodmbnssticn
A

SO TS O

Lhstrct
Healing




— - = ._Z- r?“

E——

Smglsmedmmgcm Mg@%@ e

R R —
- — "'"_-'-q_*'i_'.h-l-'
=8 |

— ORC - PLo@ess... o=

“'_- -

._- "!' i ._ __ 2 = |

radiation ang
hoat lossas Bt}:,

biomass primary { mbuslimr : - mmut'?ﬁ‘iﬁ
energy input I:HEU} ~* W _- pre-heater tHa T\

ﬁ:":":: ﬁ electricity outpul
- 15%

~ heat anc
electricily losses
ORC 2 %




e

B

Smﬂslsmedlﬁlﬁ’}uscm pmv‘égﬁ@ﬁ*r ggﬂf

— s, =-_"_-'-.—"

- ==

e Stirling Prosess 2=

— == :-H-’" s

. air pre-heater air input
, heater

. i reger=5{a:ur 11
|

. = - \' aﬂanc S

flua gas

genaralor H,J:.Sf.- +-

|
- ]
ir 8 X
2 *.; by Ellrmg "
J e * engine ©

: aaler 7 B heat
| Dbiomass |

- consumers




e

Smg&meélﬂmm pﬂw'gﬁ@ﬁ*rgﬁj

..-“
— T _’-..’

— e OSlirling PLoeess

—.1:._

air pre-heatar 220 kW

: : et neal losses
bicmass primary with flue gas
energy input {NCV} :

= 100% , 55 KW
economiser
% :' aEa ) 345 I':W '
. '!Egﬂ kWY useful heat

280 K. . ._31"1"!1 enging

combustion ' 210 kW
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generator 0.5 kKW
! Uil s alactricity

heat losses e 70 kW
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Biomass as gaseous fuel can be used

e Stationary

— by producer gas fuelled to engines and/or
turbines

— by producer gas fuelled to combustion units in
order to improve efficiency and to reduce
emissions level

e for transportation

— by modified combustion engines and by
hydrogen reformation/fuel cell systems

e distributed via feed-in
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* Anaerobic digestion is a well proofen means for
producing gas from liguids containing solid biomass

In small quantities, e.g. manure, sewage sludge,
etc..

 The produced biogas consists mainly of methane
and carbon dioxide.

o After desulphurisation the gas can easily be used.







| i 0l
P Ikﬂi};'lu

A SteamCell can generate both heat and power in an

iIdeal combination

Modulating, low emission burner technology

Heat output used to convert a small amount of water into highly
energetic steam

Unique drive mechanism to generate electricity
Special heat exchanger system to provide hot water

The SteamCell is capable of operating just like a conventional
boiler

Heat from 2 to 25 kW
Electricity from 0.5 to 6 kW
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Biomass
Large hydro
Small hydro
Wind
PV
Solar thermal
* Solar therm electricity ]
Geothermal
Marine (tidal/wave/ocean)

RES Contribution

The contribution of RES t-(_) thé World
Advanced International Policy Scenario (Projections in Mtoe)

2030

2483
341

106
542
221
244




RES contrlbutlon to the World energy supply In 2040 AIP Scenarlo
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The perspectlve of growth rates of RES unt|I 2040 AIP Scenario

1996-2001 20012010 2010-2020  2020-2030 2030-2040
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Further information through:

WIP — Renewable Energies

e Mail: wip@wip-munich.de

Home page: www.wip-munich.de
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