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Overall, photosynthesis is a process that takes
water, carbon dioxide, and sunlight, and converts it
into oxygen and glucose. There are a large number
of biochemical steps involved, but these steps are
generally divided into two major processes: the
light reactions and the Calvin Cycle.

Photosynthesis in plant

CO:z

Chloroplast

Source: https://biologydictionary.net/
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Theoretical Efficiency

Sun Energy loss
1000 kJ
Outside photosynthetically
207 13 active spectrum
438 49 Reflected and transmitted
372 66 Photochemical inefficiency
C3 C4
126 246 85 287 Carbohydrate synthesis
65 61 85 0 Photorespiration
46 19 6 25 Respiration
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https://doi.org/10.1016/j.copbio.2008.02.004
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EXAMPLES OF HIGH BIOMASS PRODUCTIVITY

(Slesser & Lewis, 1979; Leight el al. 1987; Klass, 2004) (Higher heating value: 15.6-20.0 Mj kg™)

Biomass community Location Yield Photosynthetic
(t dry w. ha'year?) | efficiency (%)
Hybrid poplar (ropuius spp.) (€3) Minnesota 8 -1 03-04
Water hyacinth (eichomia crassipes) Missisipi 11 -33 (>150) 0.3-0.9
Switchgrass (panicum virgatum) (C4) Texas 8-20 0.2- 0.6
E:E}feet sorghum (sorghum bicoiory | Texas-California 22 -47 0.6-1.0
Coniferous forest England 34 1.8
Maize (zea mays) (c9) Israel 34 0.8
Tree plantation Congo 36 1.0
Algae (sewage ponds) California 49 -74 1.3-1.9
Tropical forest West Indies 59 1.6
Sugar cane (saccharum officinarum) Hawaii-Java 64-87 1.8-2.6
Napier grass (pennisetum purpureumy | Hawali, Puerto 85-106 2.2-2.8
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Biomass Characterization
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Proximate analysis

Moisture(M) + Volatile Matter(VM) + Ash(A) + Fixed Carbon (FC) = 100

Ultimate analysis

Elemental composition: C, H, O, N, S

Biochemical analysis

Cellulose, Hemicellulose, Lignin, Lipid, Carbohydrate, Protein
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Charaterization Analysis

Ultimate analyses for typical biomass materials (wt%)

Material C H O N S Ash
Cypress 55.0 6.5 38.1 - - 0.4
Ash 49.7 6.9 43.0 - - 0.3
Beech 51.6 6.3 414 - - -
Wood (average) 51.6 6.3 41.5 0 0.1 1
Miscanthus 48.1 5.4 422 0.5 <0.1 28
Wheat straw 48.5 3.5 3.9 0.3 0.1 4
Barley straw 45.7 6.1 38.3 0.4 0.1 6
Rice straw 41.4 5 39.9 0.7 0.1
Bituminous coal 73.1 5.5 8.7 1.4 1.7 9
Lignite 56.4 4.2 18.4 16 - 5

fCombined N and S.

Proximate analysis of some biomass feedstocks (wt%)

Biomass Moisture® VM FC Ash LHV
(Vo) (o) (Vo) (V) (Ml/kg)
Wood 20 82 17 | 18.6
Wheat straw 16 59 21 4 17.3
Barley straw 30 46 18 6 16.1
Lignite 34 29 31 6 26.8
Bituminous 11 35 45 9 34
coal

Source: McKendry. Bioresources technology 83, 2012

2 Intrinsic.
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Energy — Heating Value

Higher Heating Value (Boie’s correlation)

HHV[kJ/kg] = 351.7 C wt% + 1162.49 H wt% + 104.67 S wt% - 110.95
O wt% + 62.80 N wt%

Lower Heating Value

LHV = HHV - A hy, X (My0 o0/ Mese i) [kI/kgfuel]
Ahy, = 2450 kl/kg
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Biomass Conversion Routes
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Figure 1: Main conversion options for blomass to secondary energy carrlers DWEA, 20001, Some categories represent a wide range of

technological concepts as well as capacity ranges at which they are deployed, and thess are dealt with further in the text
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Biomass Combustion

Wood pellet
heating system

Space heating and domestic
hot water supply with pellets

@ Once or twice a year the
pellets are delivered by a
silo tanker. A loaded storage
room of 4.5 m?is enough to
keep a single-family house
warm for one year.

T ey

@ The pellets are carried

Storage
room

from the storage room to
the boiler by a fully
automatic pellet feed.

Wood pellets
2-5cm (0.8-2in] in length,
diameter 0.6 cm (0.24 in.)

Pellet
boiler

all that's left is ash - with a

weight of only 0.5 per cent of

the original pellet. The ash
can be disposed of with the
domestic waste.

Domestic
hot water

Buffer
storage

@ After the burning process

Space
heating

Wﬁfﬁ!

© 1t the pellet boiler is

interconnected with a buffer

storage, emissions can be

reduced and efficiency
increased.

) . ) s
www.unendlich-viel-energie.de

QO

http://www.unendlich-viel-energie.de/
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Biomass CHP —Steam Cycle
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Biomass Integrated Gasification
Power Plant

Bag Filter Serubber Blower Chaserging Catalys

. Flue Gas Heat
HeatEx changer Bag Filter Exchanger Chismriey
Blower
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Fiy Ash

Source: http:/fwww.sintef.no 14
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Fast Pyrolysis
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Source: http://[www.btgworld.com
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Fermentation to alcohol
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Source: http://www.fermenter.co.in
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Biomethanation
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Source: http://www.rfontanaconsu Itoria.com.br/
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Transesterification of Vegetable Oils

Biodiesel Production

Vageinble 41 Refining
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Source: http://www.endress.com
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