


ASSESSMENT OF BIOMASS SUPPLY CHAIN FOR GASIFIER OPERATION

As discussed in Chapter 1, biomass is a potential source of electricity generation.
Assessment of the biomass resources of a region is important in order to establish the
viability and sustainability of biomass based electricity generation for the region. The
challenge in deployment of biomass based electricity generation plant is to guarantee
that the right type, quality, amount and channels of procurement of biomass are
available within a certain distance from the plant. The very first step in planning a
biomass based plant is to identify and assess the availability of relevant biomass in the
region. The assessment also helps in forecasting availability, estimating price of
biomass and validating biomass based electricity generation in terms of capacity and
type of conversion technology. Consideration of variability associated with biomass
type, availability, characteristics, pre-processing requirements, cost and environmental
impact is essential for biomass gasification as decentralized electricity generating
source. This chapter presents the aspects related to utilization of biomass as feedstock

for gasification based electricity generation.

3.1 Biomass type

Any plant or animal derived material is referred to as biomass [1]. Although the
definition of biomass is still a topic of debate, the definition used by the United Nations
Framework Convention on Climate Change (UNFCCC) is relevant here [2]:

(a) Biomass means non-fossilized and biodegradable organic material originating
from plants, animals and micro-organisms. This shall also include products, by-
products, residues and waste from agriculture, forestry and related industries as well
as the non-fossilized and biodegradable organic fractions of industrial and municipal
wastes. Biomass also includes gases and liquids recovered from the decomposition of

non-fossilized and biodegradable organic material.

(b) Biomass residues means biomass by-products, residues and waste streams from

agriculture, forestry and related industries.

Biomass feedstock for gasification is principally derived from plants. Specifically,
lignocellulose fraction, which is non-edible, is used. Definition of renewable biomass

laid down by UNFCCC [3] is used to categorise the biomass feedstock into woody,
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semi-woody and biomass residue type. It is desirable to use feedstock with low
moisture content to avoid the energy penalty associated with drying. Woody and semi-
woody biomass are the primary choices because of their controllable moisture content.
Biomass residues (leaves, grass, husk, straw, stalk, bagasse) are also promising options
as feedstock [4]. However, conversion to appropriate form (pellet, powder), depending

upon the energy generation technology, is needed prior to their usage.

3.2 Biomass availability

Biomass availability estimates the net productivity of biomass in the study region.
Theoretical assessment is conducted based on surveys, analysing the data and assessing
the results. Surveys are directed at estimating availability and assessing consumption
pattern of biomass in a region. Surveys are conducted using two approaches viz.
primary and secondary survey. In primary survey approach, data is collected from the
direct producers of biomass i.e. farmers. In contrast, in secondary survey data is
collected from secondary sources such as district administration, census reports,
agricultural department and other government offices and websites. The methodology
adopted for resource survey is dependent on the scale of operation being targeted. For
example, a 40 kW biomass gasification based power plant may require study in one
village whereas a MW scale plant may require a biomass resource survey in several

districts.

Geographical Information System (GIS) is a useful spatial tool which has found
application in theoretical assessment of biomass resources [5-8]. Importance of GIS is
augmented by the diversity in biomass resources that can be used as energy feedstock.
The diversity in the resources require a database of biomass characteristics, availability
and distribution for effective planning of energy generation system utilizing the
resources. GIS helps in the development of such a database which can later serve as a
decision making tool for effective collection of raw material, allocation of the benefits

of bioenergy and cost-benefits analysis [9-11].

As discussed in Section 3.1, there are three types of biomasses available in different
ratios at different locations. Standard procedures for estimation of these biomasses is

discussed in the following sections.
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3.2.1 Estimation of woody and semi-woody biomass

Trees are present in all levels of a region starting from homestead to agricultural land
and forests within the region. While trees, in general, yield woody biomass; small trees
or shrubs yield semi-woody biomass. Biomass from all the trees in different levels can
be used as feedstock for gasification based electricity generation. The annual
sustainable yield of biomass from a particular tree (yr) can be estimated by considering
the area under plantation of the tree (Ar) along with productivity of the tree (Prr) and

sustainable yield factor (Fy) using Eq. 3.1.

yr =Ar X Prp X F, ----3.1
It is observed that some plantations are planned while some are unplanned as in the
case of some shrubs yielding semi-woody biomass. Under such conditions the area
under plantation (Ar) has to be modified to accommodate the share of area of unplanned
plantations in different land settlements (Ar,up). Accordingly, Eqg. 3.1 is modified to

incorporate the total area under a tree or shrub (Ar i) by using Eq. 3.2.

Yr = Artotar X Prr X Fy, ----3.2
where Ar torqr = Ar + Az yp

The total annual biomass yield (yr wtar) IS then calculated using Eqg. 3.3.

Vr,otat = Li=1[A1 rorar (1) X Prr(i) X K, (0] ----3.3

where i represents a particular tree or shrub within the total types of trees and shrubs
(n) available in the region.

Estimation of woody biomass can also be done using dynamic modeling. Dynamic
modeling of biomass estimation is based on biomass factor method, the allometry
growth equation method and the volume source biomass method [12]. Most of these
models primarily uses the diameter at breast height (D) to estimate the biomass [13].
This method, however, loses precision at larger scales due to lack in specificity for

different tree species, site features and accuracy of the area measurement.

Different allometric growth equation methods have been used to develop biomass

estimation equations incorporating data from published studies [13]. The equations
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have been modified by many researchers to adapt them to different research scenarios
[12]. Models using diameter at breast height (D), tree height (H), D?H and DH as the
independent variables are also summarized in previous studies [14,15]. These models
aimed at simulating a portion of or the whole plant wood biomass using a combination
of the power function model, exponential model and polynomial model. Equations for
estimating semi-woody biomass were also developed [16]. Site index and forest
biomass variable model of the stand basal area was also developed [17]. However, it
was observed that as the objective changed, the reliability of the D indicator could not
conform to the needs of practical forestry estimates. A more popular estimation
approach involves wood density (WD) and stand basal area (G). A combination of D,
H and WD was adopted to establish a logarithmic and exponential biomass estimation
model [18,19]. Fusion variable along with logarithmic model was used to estimate the
biomass of the Amazon forest [20]. Structural relationships between form factor, wood
density, and biomass was also studied using a variable containing D, H, WD and G in

a logarithmic combined biomass model [21].

It is observed that in order to increase the accuracy of the model’s estimation of
biomass, at a small scale, more number of independent variables are required [20-22].
It is also noteworthy that depending on the intended use and the actual demand, an
increase in the magnitude of an independent variable of the biomass model is required
[23]. Also, the definition of a forest stand is ambiguous at a large or a small scale
leading to uncertainty when a model is selected [24]. This issue can be addressed by
using different parameters to analyze the model. In a related study, D and H were used
as independent variables to determine 8 parameters in a forest stand biomass model
[25].

3.2.2 Estimation of agro-residue biomass

As discussed earlier, provisioning of decentralised electricity generation is essential in
rural areas. Most rural areas have an agrarian based economy i.e. crop cultivation is the
major source of livelihood in these areas. Thus, agro-residue biomass is a major source
of biomass in these areas. Thus, estimation of agro-residue biomass is important for
planning any biomass based energy generation for these regions. Estimation of agro-

residue biomass is based on the major crops growing in the area, the area covered by
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each crop (Aar), the biomass productivity of each of these crops (Prar) and the residue
production ratio of these crops (Far). The total annual agro-residue biomass yield

(VAR total) is estimated using Eq. 3.4.
YAR,total = Yic1[Aar (1) X Pryp(i) X Fap(i)] ----3.4

where i represents a particular crop within the total types of crops (n) available in the

region.

Equations 3.3 and 3.4 gives an estimate of the total biomass yield from woody or shrub
and agro-residue biomass respectively. Estimates of productivity, sustainable yield and
residue production ratio are available from standard literature. However, there are
uncertainties associated with the competitive uses, techniques of harvesting and
threshing, and methods of collection of the biomass resources. Thus, the practically
available agro-residue is different from the total yield. The practically available agro-
residue is estimated by multiplying each of the Equations 3.3 and 3.4 by the resource
availability factor (Frsav) Which takes into account the mentioned uncertainties.
Standard literature is available to accommodate the uncertainties in harvesting and
collection techniques in the resource availability factor. However, there are inherent
variations in the biomass consumption pattern of a particular region. Thus, assessment
of biomass consumption of a region is essential to cater for the influence of competitive
uses on the resource availability factor. Assessment of biomass consumption of a
region is carried out by surveys. The survey centres on the direct consumers of biomass
viz. households and industries utilizing the biomass. A questionnaire is designed to
collect information on amount of biomass utilised as cooking fuel, fodder for livestock
and raw material in industries. The resource availability factor is then attuned to

incorporate the variations in the biomass consumption.

After establishing the feedstock availability, it is essential to gain an understanding on
the characteristics of the available feedstock in order to establish their viable utilisation
in a biomass based energy generation system. Section 3.3 below discusses the biomass
characteristics influencing their utilization as feedstock in a biomass gasification based

electricity generation system.
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3.3 Biomass characteristics

Performance of a biomass gasification system is influenced by the biomass
characteristics. Proper understanding of feedstock characteristics is essential not only
in the reliable design of a biomass gasifier but also for the sustainable planning of

feedstock delivery for the system.

Feedstock characteristics that have been found to have major influence on the
gasification process are moisture content (MC), volatile matter (VM), ash content,
organic and inorganic constituents [26]. Higher MC results in lowering of the
extractable energy in the gasification plant. This is due to the fact that energy is lost in
evaporation of the MC which is not recoverable. Knowledge of MC is also essential in
assessing the cost involved in drying of the biomass. The ash content of biomass plays
a crucial role in assessing the adaptability for gasification process. Knowledge of ash
content is essential in assessing the ash handling and disposal requirements which in
turn effects the economics. Also, presence of alkali metals such as potassium and
halides in the ash may lead to serious agglomeration, fouling and corrosion in gasifiers.
The condensable and non-condensable vapor released when a biomass is heated is the
VM. The rate of production of VM depends upon the heating rate and the temperature.
The rate of gasification and gas yield is determined by the conversion of fixed carbon
(FC) into gases. The size of the gasifier is based on the conversion reaction of FC.
Generally, the energy content and composition of biomass feedstock is described by
(a) proximate analysis, (b) ultimate analysis and (c) heating values. ASTM standard E-

870-82 covers the experimental determination of these properties.

Proximate analysis provides the composition of the biomass feedstock in terms of
moisture (MC), volatile matter (VM), ash and fixed carbon (FC). Standard procedures

followed for the determination of these individual components are shown in Table 3.1.

Table 3.1 Procedures used for proximate analysis of biomass feedstock

SI. No. Item Procedure used
1 Volatile matter ASTM E-872 for wood fuels [27]
2 Ash ASTM D-1102 for wood fuels [28]
3 Moisture ASTM E-871 for wood fuels [29]
4 Fixed carbon determined by difference
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Ultimate analysis provides the elemental composition of the biomass feedstock in terms
of weight percentages of Carbon (C), Hydrogen (H), Nitrogen (N) and Oxygen (O).
Procedures followed for the determination of the elemental composition is shown in
Table 3.2.

Table 3.2 Procedures used for ultimate analysis of biomass feedstock

SI. No. Item Procedure used
1 Carbon ASTM E-777 for refuse derived fuels [30]
2 Hydrogen ASTM E-777 for refuse derived fuels [30]
3 Nitrogen ASTM E-778 for refuse derived fuels [31]
4 Oxygen determined by difference

The higher heating value (HHV) of the biomass feedstock is considered in the study.
HHYV is essentially the amount of heat released by unit mass or volume of fuel (initially
at 25°C) once it is combusted and the products have returned to a temperature of 25°C.
HHYV includes the latent heat of vaporization of water. ASTM E711 test method for
determination of gross calorific value of refuse derived fuel by Bomb calorimeter is
adopted [32].

Characterization of biomass helps in screening potential feedstock for utilization in the
gasification based system. Another important aspect concerning the pre-processing of
the feedstock before utilization in the gasification system is discussed below.

3.4 Biomass pre-processing

Biomass pre-processing has been reported to influence system-level efficiency of
biomass gasification [33-35]. Biomass pre-processing, up to a certain degree, is
required before utilization in a gasifier. Pre-processing steps depends upon the type of
the biomass and the gasifier. Generally, gasifiers utilize feedstock which have a smaller
and uniform size in comparison to the size collected during harvest [36]. Uniform size
of the feedstock also enables a consistent feeding rate which in turn helps in
maintaining the process efficiency [37]. Thus, size reduction becomes necessary. Size
reduction is dependent on the type of gasifier used. For example, updraft and
downdraught gasifiers require wood blocks or woodchips ranging from 8x4x4 c¢cm to
1x0.5x0.5 cm in size. Smaller feedstock size causes flow problems, high pressure drop

in the reduction zone and a large amount of dust in the gas [38]. High pressure drop
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causes reduction of the gas load resulting in lower temperatures and high tar
production. On the other hand, larger feedstock size leads to reduced reactivity causing
start-up problems and lowering of gas quality [38]. Similarly, fluidized bed gasifiers
operate on feedstock with particle diameters varying between 20 — 150 mm while
entrained flow gasifiers utilizes feedstock with particle diameter less than 1 mm [39].
Also, utilisation of agro-residue biomass in downdraft gasifiers involves conversion to
pelletized form. Depending upon the requirement, size reduction may be carried out in
two steps. In the first step, a chipper is used for primary reduction. In the second step,

a hammer mill is used for secondary reduction [40].

Feedstock utilization in a gasifier is also limited by the moisture content. The maximum
moisture content in biomass gasification is in the range of 20 — 30 % (wet basis)
whereas for normal operation a moisture content of less than 15% is required [41].
Thus, drying is a major process of feedstock preparation for gasification. Apart from
lowering the energy loss involved in evaporation, dried biomass also allows for stable
temperature control within the gasifier [42]. While some biomasses can be sun dried in

open others may require drying equipment like rotary dryers.

Involvement of biomass pre-processing has added implications on the overall
economics of the plant utilizing them. Thus, consideration of the discussed variabilities
in feedstock pre-processing is an important aspect in the planning of a biomass

gasification based electricity generation system.

3.5 Biomass cost

Cost of biomass is an important parameter in the development of a biomass based
decentralized electricity generation system. The cost of biomass is influenced by a
number of factors including availability (which is strongly influenced by competing
uses), collection cost, pre-processing cost, and transportation cost. As discussed earlier,
competing uses of biomass, which vary region wise, have a considerable effect on its
availability. Consequently, the cost of the biomass has to be determined based on the
biomass consumption pattern of the region. Similarly, the collection cost also varies
with the type of feedstock being considered. The biomass pre-processing cost also
varies with the type of feedstock. The transportation cost is also vital in determining

the cost of biomass. Thus, the economic analysis of a biomass gasification based
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electricity generation system should take into account all the above variabilities in

determining the cost of biomass.

3.6 Environmental implications of utilizing biomass

All energy generation processes contribute towards greenhouse gas (GHG) emissions
through all stages of construction, operation, and decommissioning. While some
processes emit GHG during operation stage, like coal fired power plants, other
processes, like wind and nuclear, release the majority of emissions during construction
and decommissioning stage. Around 32.62 Gt of CO2e (carbon dioxide equivalent) was
produced worldwide in 2017 [43]. Of these, around 73.38% came from energy
generation sector. Fig. 3.1 shows the GHG emission of different sources of energy

generation throughout their lifecycle.
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Fig. 3.1 Emissions from different sources of electricity generation
{(Source: Author’s own representation based on data of Cofaigh et al [44])}

It may be observed that, biomass based electricity generation has a comparatively small
GHG potency. Biomass grows by absorbing CO. from the atmosphere through
photosynthesis. When the biomass is burned it releases CO, that the plants had
absorbed earlier. This essentially makes biomass fuel “carbon-neutral”. The total

amount of carbon sequestered in terrestrial biomass affects the carbon content of the
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atmosphere. Also, as a greenhouse-gas, reduced carbon (hydrocarbon) is more harmful
than oxidized carbon (oxides of carbon) [45]. The form of carbon emitted into the
atmosphere depends upon the utilization of the biomass. Generally, the unutilised
fraction of biomass resources is either burned in the open, buried underground or
allowed to accumulate. Open burning involves poor combustion conditions and results
in significant emissions of carbon in reduced form. This increases the GHG potency
of the emissions. Biomass, if buried in a landfill or agricultural land, also causes
emission of reduced carbon. These emissions, although delayed, have a much greater
GHG potency in comparison to open burning over the long term [46]. Use of the
unutilised biomass for energy generation (which involves conversion under controlled
conditions) alters the timing and mix of carbon forms emitted into the atmosphere. The

GHG emissions are, in turn, brought down.

Also, with reference to the Intended Nationally Determined Contributions (INDCs),
biomass based energy generation presents itself as a major option for a region to fulfil
its commitments. Incentivising the biomass based energy generation sector through
policies and providing regulations will augment the development of the sector.
Rigorous policy formulation considering the different aspects of the supply-demand
chain is central to this development. In general, the policy framework should ensure
the most efficient utilization of the biomass resources while providing for economic
benefit to all the stakeholders in the chain. This will make the sector lucrative and

attract interest from the stakeholders adding to the development of the sector.

Biomass based electricity generation is a useful approach to complement the electricity
requirements of a region with minimum implications on the environment. For
complementing biomass based energy generation planning for a local region viz.
Sonitpur district of Assam, India, characterization of locally available biomasses was
taken up. The excess biomass resource potential of the area is estimated to be around
181.7 kT/year with a power potential of nearly 27 MWe [47]. The procedures discussed
in the previous sections were followed for the characterisation. The biomasses were
categorized depending upon their nature into woody, semi-woody and biomass
residues. The results of the analysis are summarized in Table 3.3 (a —c).
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Table 3.3 (a) Characterization of locally available woody biomass

Proximate Analysis (%6) Ultimate Analysis (%) HHV
sl. . (MJ/kg)
Common Name Botanical Name MC Ash .
No. Fixed (wet
(dry (dry VM Carbon C H N basi
basis) basis) asis)
1 Neem tree ﬁlzdaig;racma 4713 363 8163 1474 4496 547 313 4644 185
2 Bamboo Pseudopallida 2481 1016 7548 1436 4585 561 178 4676  17.54
bambusa
. Ficus
3 Cluster Fig 1296 1157 7651 1191 5576 694 292 3438 1653
golmerata
4  Bamboo Bambusa 5673 312 7985 1702 4308 541 152 4999  17.62
]alntlana
5  Varun Crateava 4555 1448 6872 168 3635 500 195 5670 1555
nurvala
6  Kadam Neolamarckia 3550 566 77.94 1640 4308 563 106 5023  16.70
cadamba
7 Potka siris Albizia lucidior 27.88 6.03  77.80 16.17 4382 580 1.04 49.34 16.59
8  Gul Mohar Delonix Regia 3333 1093 6101 2806 4308 563 118 5011  16.65
9  Bhelu Tetramels 6719 10690 7374 1557 4684 534 278 4504  14.60
nudiflora
10 Crey Downy Garugapinnata  60.85  7.27 7824 1449 4286 580 302 4832  17.24
Balsam/ Garuga gap ' ' ' ' ‘ ‘ ‘ ‘ ‘
11  Silk Cotton Tree  Bombax ceiba 6559 1596 68.15 1589 4591 558 373 4478 1649
12 White Fig Ficus virens 56.06 570 7701  17.28 46.90 589 298 4423 18.02
13 PurpleOrchig ~ Bauhinia 4435 437 7737 1825 4931 611 338 4120  16.60
purpurea L.
14  Coral Tree igégma 7168 760 7168 2073 4544 554 372 4530 1726
15  White Teak Gmelina 7119 772 7612 1616 4774 598 598 4030  17.98
arborea
16 Amari Amoora 6344 724 7396 188 4810 596 257 4337 1802
wallichi
17 Miswak Salvadora 5043  7.88 7836 1376 4596 546 323 4535 1543
persica
18  Rain tree E:rﬁla slamea 5820 363 7867 1770 4563 594 390 4453 1450
19 Mango :\:gir:gfera 5677 884 7078 2037 4696 568 287 4449 1694
20 Jackfruit Artocarpus 5541 511 7461 2028 4566 567 222 4645 1824
heterophyllus
g1 Silkworm Morus australis 4410 566 7571 1863 5167 7.0 087 4045 1828
Mulberry ’ ’ ’ ' ' ' ' ' '
22 Guava Psidium 4464 352 7676 1971 4852 565 285 4298  18.06
guajava
23 Drumsticktree  MOringa 8263 825 7032 2143 4173 58 200 5034 1576
oliefera
24 Sugar Apple Annona 6129 359 7505 2137 4837 596 406 4161  17.92
squamosa
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Table 3.3 (b) Characterization of locally available biomass-residue

Proximate Analysis (%6) Ultimate Analysis (%) HHV
Sl. Common Botanical (MJ/kg)
Category MC Ash .
No. Name Name (dry (dry VM Fixed c H N o (wt_et
; : Carbon basis)
basis)  basis)
1 Aquatic Vater Bichhomia 5,03 1151 7080 176 3668 512 353 5467 1301
Hyacinth crassipes
2 Leaves POMea Ipomea 4706 807 7219 1974 4344 554 143 4959  17.07
Leaves carnea
3 Leaves Danana Musa 2588 950 719 1859 4308 574 196 4922  19.68
Leaves bulbisiana
4 Leaves  COcONUt Cocos 6085 1357 6868 17.75 47.78 601 390 4231  17.95
Leaves nucifera
Tall Reed Phragmites
3171 1967 6715 1318 3941 5. . . .
5 Leaves Leaves karka 511 369 5179 15.88
6 Grass  CogonGrass |mpera@ 3038 1017 7804 1179 4279 572 087 5062  17.98
cylindrica
7  Grass  Reed Arundo 5419  7.62 79.96 1242 4604 571 090 47.35  14.94
Donax
8 Rice Husk Orizasativa 1156 17.13 6328 1059 4290 6.38 419 4653 1298
9 Husk Eluascll( Gram  ignamungo 1104 142 7473 1106 5000 676 272 4052 1531
10 Mustard Brassica 958 1638 7657  7.05 3935 529 190 5346  14.00
Husk nigra
11 Rice Straw Oriza sativa 10.00 11.80  74.90 13.30 4934 504 074 4488 14.85
12 gtlf‘;x Gram  vignamungo 3489 1113 6189 2698 4421 542 138 4899  13.60
13 Green Gram  Vigna 1330 365 7353 2282 4892 589 189 4330 1249
Straw radiata
—— Straw
14 Mustard Brassica 943 298 7857 1845 4370 593 042 4995 1123
Straw nigra
. Lens
15 Lentil Straw 5 3119 553 7461 1987 4513 513 064 49.10 1454
culinaris
Pisum
16 Pea Straw ! 2038 1515 7428 1057 4523 588 353 4536 1672
sativum
17 Bagasse oUudarcane Saccharum 00, 95 g1p7 1578 4417 617 016 4950 1628
Bagasse officinarum
18 Corn Stalk Zea mays 7060 373 7505 2122 4411 572 144 4873 1465
—— Stalk
. Allium
19 Garlic Stalk ! 3193 2611 6101 1289 2722 411 128 6739 1156
sativum
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Table 3.3 (¢c) Characterization of locally available semi-woody biomass

Proximate Analysis (%) Ultimate Analysis (%0) HHV
Sl. Common . (MJ/kg)
N N Botanical Name MC Ash Fixed ¢
> e (dry @y VM Carbon H N (W?
basis) basis) basis)
1  Dhaincha Sesbania javanica 13.58 184 8563 1253 4524 6.06 056 48.14 17.18
Jute Stick .
2 - Corchorus capcularis 15.47 9.47  76.36 1418 4468 572 285 46.75 19.26
with Fiber
Jute Stick .
3 . . Corchorus capcularis 8.59 163 8224 16.13 4634 596 0.18 4752 17.98
without Fiber
Ipomoea
4 Stem Ipomoea carnea 20.45 9.80  75.70 1449 4311 518 349 4822 16.32
Indian -
5 . Tamarix indica 13.71 6.82 7858 14.60 4738 580 3.03 43.79 17.17
Tamarisk
6  Castor Ricinus communis 73.34 6.85 8137 11.77 4158 568 034 524 17.25
7  Tall Reed Phragmites karka 3171 19.67 6715 1318 4562 5.68 254 46.16 15.98

Fig. 3.2 shows the variations in the different characteristics of the biomasses of the

region. It is observed that the MC varies in the range of 8.59 — 82.63, ash content in the
range of 1.63 — 26.11, VM in the range of 61.01 — 85.63, FC in the range of 7.05 —
28.06, C in the range of 27.22 — 55.76, H in the range of 4.11 — 7.01, N in the range
0.16 — 5.98, O in the range of 34.38 — 67.39 and HHV in the range of 11.23 — 19.68.

90.00 1

80.00 -

70.00 -

60.00 1

50.00 -

40.00 -

30.00 -

20.00 -

10.00 -

0.00 -

Fig. 3.2 Range of variations in the biomass characteristics
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It is observed that there is variability in the characteristics of the biomasses. The
coefficient of variation in the case of MC, Ash, VM, FC, C, H, N, O and HHV is 0.55,
0.60, 0.07, 0.25, 0.10, 0.08, 0.58, 0.11 and 0.12 respectively. Here it is worth
mentioning that there also exists spatial and temporal variation in the biomass
resources. Thus, utilization of the biomass in energy generation systems requires
further analysis in terms of performance of the conversion systems utilizing them and

also the associated economics.

3.7 Summary

A standard methodology could be developed for considering variabilities associated
with aspects of the biomass supply chain viz. availability, pre-processing requirements,
cost and environmental impact for use of biomass as a DEG source. However, there is
dependency of the conversion process of a biomass gasifier based electricity generation
system on the characteristics of the biomass feedstock. Thus, there is a requirement to
analyze the performance of a biomass gasifier utilizing an array of biomass feedstock.
The approach adopted to assess the gasification performance with variations in the

feedstock characteristics is discussed in the following Chapter.
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