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Abstract
Determination of the proper physiochemical properties of the biomass sample for pyrolysis process is an important task. 
Various types of biomass are able to act as fuel with diverse properties during pyrolysis inside the reactor. Systematic math-
ematical approach may achieve the evaluation to determine the performance of the feed. Multi-criteria decision making 
approach considers the characteristic properties and qualitative criteria to assign the importance to each alternative in order 
to select the most suitable biomass for maximum bio-oil yield. The aim of this paper is to describe this approach for choosing 
the best biomass type for maximum bio-oil yield during pyrolysis. Fuzzy analytic hierarchy process based on fuzzy sets and 
Technique for order of preference by similarity to ideal solution was the method used to choose the best alternative among 
the various sources of biomass. Five biomass samples such as rice straw, sunflower shell, hard wood, wheat straw, palm shell 
and seven evaluation criteria such as lignin, cellulose, hemicellulose, volatile matter, fixed carbon, moisture content and ash 
content were focused in this study to choose the suitable biomass. The results illustrated that hard wood appears as the best 
choice for a biomass fuel for maximum bio-oil yield.

Keywords Biomass · Pyrolysis · Multi-criteria decision making · Fuzzy analytic hierarchy process · Technique for order of 
preference by similarity to ideal solution · Bio-oil

Abbreviations
MCDM  Multi-criteria decision making
AHP  Analytic hierarchy process
FAHP  Fuzzy analytic hierarchy process
TOPSIS  Technique for order of preference by similarity 

to ideal solution
TFN  Triangular fuzzy numbers
CI  Consistency Index
CR  Consistency Ratio
RCI  Random Consistency Index

Introduction

Biomass is a renewable natural resource for energy and 
chemicals. Unfortunately, the structural complexity and 
heterogeneity of biomass is still precluding the utilization 
of its full potential. Various new technologies for economi-
cal valorization of biomass are under development. The 
shortage of fossil fuels leads the researchers to replace 
the oil refineries with other biorefineries and bio-based 
processes. The fossil energy sources are limited; renewable 
energy sources like solar, wind, hydropower are available 
in the nature in the long run (Şengül et al. 2015). Thermo-
chemical conversion for biomass consists of combustion, 
pyrolysis, gasification, and liquefaction (Demirbas 2009). 
Biomass pyrolysis, initially for the production of charcoal 
(biochar) has emerged domain with a long history of use. 
It is generally defined as the thermal decomposition of the 
organic matrix in non-oxidizing atmospheres resulting in 
bio-oil, biochar, and non-condensable gas products. The 
ratios of volatile matter, fixed carbon, moisture content 
and ash content are also indicators of pyrolysis product 
yields (Alper et al. 2015). The variety in the composition 
of biomass which is constituted by three main polymers 
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such as lignin, cellulose and hemicelluloses also gives the 
complexity of the final product (Collard and Blin 2014). 
Relations between the key constituents of the woody 
biomass, such as the lignin, cellulose, hemicelluloses, 
during pyrolysis have been confirmed from the previous 
study (Kan et al. 2016). The interaction between lignin 
and hemicellulose promotes production of lignin-derived 
phenols while obstructs the hydrocarbon generation (Wang 
et al. 2011). During pyrolysis, lignin also significantly 
interacts with cellulose and obstructs the polymerization 
of levoglucosan from cellulose thus reducing biochar for-
mation (Hosoya et al. 2007). Decomposition of hemicel-
lulose normally occurs between 250 and 350 °C, followed 
by cellulose decomposition, which takes place between 
325 and 400 °C with levoglucosan as the main pyrolysis 
product (Stefanidis et al. 2014). Lignin is the most stable 
component which decomposes at higher temperature range 
of 300–550 °C (Williams and Besler 1996).

In India, availability of the agricultural area is huge and 
it comprises about 500 Mt of biomass availability per year. 
Among which, rice straw, sunflower shell, hard wood, wheat 
straw, palm shell were chosen for this study occurred abun-
dantly in local agricultural areas. The total availability of 
the selected biomass is almost 200 Mt (Kumar et al. 2015). 
After cultivation and separation, these residues were burnt in 
household cooking purpose and also many times in an open 
atmosphere. The open burning of these residues has some 
adverse effect on the environment.

Multi-criteria decision making (MCDM) is a concept that 
used to choose the best one among a set of alternatives by 
evaluating them in terms of several criteria (Kiliç and Kaya 
2015). It enables the evaluation of alternatives and making a 
selection among them. One of the most significant stages in 
biomass selection process is ranking and choosing the right 
biomass for a fastidious application. MCDM methodologies 
are rapidly growing in the field of material selection (Anoj-
kumar et al. 2014). A large number of factors influencing the 
selection process into a critical issue (Chatterjee et al. 2011). 
Nowadays, the material selection using MCDM approach is 
increasing gradually in all engineering applications (Jahan 
et al. 2010). Analytic Hierarchy Process (AHP) is a method 
proposed by Saaty (1990). In AHP, the decision problem 
is planned hierarchically at different levels with each level 
consisting of a finite number of elements (Khajeeh 2010). 
Van Laarhoven and Pedrycz (1983) applied fuzzy logic 
principles in AHP and proposed them as Fuzzy Analytic 
Hierarchy Process (FAHP). The aforesaid literature sections 
proved the importance of MCDM methods in the various 
engineering processes (Tan et al. 2016). The suitable materi-
als for different applications are evaluated and selected using 
various MCDM approaches. But the application of MCDM 
for evaluating the suitable biomass material for maximum 
bio-oil yield during pyrolysis is a new concept. The existing 

research in pyrolysis field only proposed the conversion 
techniques of biomass to biofuel.

This paper solves the problem of defining the biomass 
fuel characteristics using MCDM consists of FAHP-TOPSIS 
(Technique for Order of Preference by Similarity to Ideal 
Solution). This model has been implemented for choosing 
better biomass for maximum bio-oil yield. Biomass samples 
such as rice straw (RS), sunflower shell (SS), hard wood 
(HW), wheat straw (WS), palm shell (PS) were taken as an 
alternatives, and seven evaluation criteria such as lignin, cel-
lulose, hemicellulose, volatile matter, fixed carbon, moisture 
content and ash content were focused to choose the suitable 
sample.

Materials and methods

Materials

The main compositions of the biomass are cellulose, hemi-
cellulose and lignin. The cellulose content was more than 
lignin for the biomass (Gani and Naruse 2007). The higher 
cellulose content enhances pyrolysis rate, and the higher 
lignin content gives slower pyrolysis rate. The cellulose 
and lignin content were two of the significant parameters 
to evaluate the pyrolysis characteristics (López et al. 2002). 
The biomass with higher volatile matter yields high quanti-
ties of bio-oil and syngas, whereas the fixed carbon increases 
the biochar production. Moisture content of the sample has 
an influence in the heat transfer process (López et al. 2002). 
The increase in moisture content may increase the yield of 
bio-oil, but it tremendously affects the quality of the bio-oil. 
Therefore, the suitable biomass for the pyrolysis should have 
the maximum volatile matter, fixed carbon with minimum 
moisture and ash content. Table 1 shows the various prop-
erties of the selected biomass. These values are obtained 
by this current study. The proximate analysis of the bio-
mass samples was performed by following Indian Standard 
Methods IS (1350): Part I 1984 (Singh et al. 2011). The 
traditional wet chemistry method is used for the measure-
ment of lignin, cellulose and hemicelluloses of the selected 
biomass samples. This is the very accurate method to find 
out the composition analysis (Jin et al. 2017). These methods 
measure the weight difference after treatments using KOH, 
 H2SO4 and other reagents. Keeping in sight of the facts, the 
decision making drives to increase the difficulty in selection 
of the appropriate biomass sample. This paper focused on 
the development and application of hybrid MCDM model 
for selection of suitable biomass for highest bio-oil yield.

Biomass can be converted into liquid fuels by thermo-
chemical processes such as pyrolysis, liquefaction, and sol-
volysis. Hydrothermal liquefaction is a thermal depolymeri-
zation process used to convert wet biomass into crude-like 
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oil processing in a hot, pressurized water environment for 
sufficient time to break down the solid bio polymeric struc-
ture to mainly liquid components (Gollakota et al. 2018). 
Among the other thermochemical conversion techniques, 
pyrolysis has received interest since the process conditions 
can be optimized to maximize the yield (Madhu et al. 2017). 
It is the only conversion method that will give three kinds of 
products such as biochar, bio-oil and biogas depend greatly 
on the pyrolysis techniques. The yield of bio-oil during 
pyrolysis depends upon the pyrolysis behavior. Depending 
on the operating conditions, the pyrolysis process can be 
divided into three sub-classes: conventional slow, fast and 
flash pyrolysis (Onay and Kockar 2003). Slow pyrolysis is 
performed at a low heating rate and at longer residence time 
giving maximum char yield. Fast and flash pyrolysis are the 
preferred technology for the production of oily products 
from wastes at high temperatures with very short residence 
time (Alvarez et al. 2015). Fast pyrolysis is receiving signifi-
cant attention because they can produce a denser and easily 
transportable fuel compared to original feedstocks. Slow and 
fast pyrolysis of biomass produces markedly different prod-
ucts (Mohan et al. 2006).

The suitable biomass obtained through this study is pro-
posed to get maximum bio-oil during flash pyrolysis in flu-
idized bed reactor. The experimental set-up, configuration 
used for the flash pyrolysis is same as that used in previ-
ous paper by the literature (Madhu et al. 2016) and the bio-
oil will be obtained by changing its operating temperature 
from 350 to 550 °C, whereas the maximum bio-oil will be 
obtained during flash pyrolysis (Madhu et al. 2018).

FAHP method

In the decision making process, there was unquantifiable, 
incomplete, unobtainable information and partial ignorance. 
FAHP is a problem-solving technique which is a combination 
of AHP process use of fuzzy logic and linguistic variables. 
(Erkan and Can 2014). Several literatures have approached 
this technique for suitable material selections for various fields. 

Khorasani and Bafruei (2011) developed FAHP for the selec-
tion of potential suppliers in the pharmaceutical industry. The 
steps involved in the computation of criterion weights using 
FAHP are described below:

Step 1 A complex decision making problem is structured 
using a hierarchy.

Initially, the FAHP breaks down a complex MCDM prob-
lem into a hierarchy of inter-related decision elements (crite-
ria). Similar to family tree, the criteria are arranged in a hierar-
chical structure. A hierarchy has minimum three levels: overall 
goal of the problem at the top, multi-criteria that define criteria 
in the middle and decision criteria at the bottom.

Step 2 Pairwise comparison matrix.
The crisp pairwise comparison matrix A is fuzzified using 

the triangular fuzzy number M = (l, m, u), where l and u indi-
cate lower and upper bound range. The membership function 
of the triangular fuzzy numbers (TFN) M1 to M9 is used. 
This study employs to state the membership functions of the 
aforementioned expression values on nine scales as shown in 
Table 2.

Let c = {cj|j = 1, 2, …, n|} be a set of criteria. The result of 
the pairwise comparison on “n” criteria can be summarized 
in a (n × n) evaluation matrix A in which every element is the 
quotient of weights of the criterion, as shown:

Step 3 The mathematical development is commenced to 
find the relative weights. The relative weights are given by 
the right Eigen vector (W) corresponding to the largest Eigen 
value, as

(1)

A =

⎡⎢⎢⎢⎢⎢⎢⎣

a11 a12 … a1n
a21 a22 … a2n
. . . .

. . . .

. . .

an1 an2 … ann

⎤⎥⎥⎥⎥⎥⎥⎦

, aii = 1, aji =
1
�
aij
, aij ≠ 0

(2)Aw = �maxw

Table 1  Properties of the biomass materials

Benefit—higher values are better, Cost—lower values are better

Material Lignin in wt% Cellulose in wt% Hemicellulose 
in wt%

Volatile matter 
in wt%

Fixed carbon 
in wt%

Moisture content 
in wt%

Ash 
content in 
wt%

Cost Benefit Benefit Benefit Benefit Cost Cost

RS 18.0 32.1 24.0 79.0 10.7 6.0 4.3
SS 17.0 48.4 34.6 73.7 18.8 3.5 4.0
HW 27.5 47.5 25.0 79.2 15.0 3.6 2.2
WS 17.5 37.0 22.5 58.8 21.0 16.1 4.1
PS 44.0 27.7 21.6 67.2 19.7 11.0 2.1
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The quality of output of FAHP is related to the consistence 
of the pairwise comparison. The consistency is defined by the 
relation between the entries of A: aij × ajk = aik. The Consist-
ency Index (CI) is

Step 4 The pairwise evaluation is normalized, and priority 
vector is calculated to weigh the elements of the matrix. The 
values in this vector sum are to be 1. The consistency of the 
subjective input can be determined by calculating a consist-
ency ratio (CR). CR value should be within the acceptable 
limit (< 0.09). It is obtained from dividing CI values by Ran-
dom Consistency Index (RCI) values.

The RCI which is obtained from a large number of simula-
tions runs and varies depending upon the order of matrix. The 
RCI value for six criteria is taken as 1.32. If CR is more than 
the acceptable value, inconsistency of judgments within that 
matrix has occurred and the evaluation process should there-
fore be reviewed, reconsidered and improved.

TOPSIS methodology

TOPSIS is relatively simple and fast with a systematic process. 
The basic idea of TOPSIS is that the best result should be made 
to be closest to the ideal and farthest from the non-ideal. Such 
ideal and negative-ideal solutions are calculated by consider-
ing the overall alternatives (Ertuğrul and Karakaşoğlu 2009). 
The procedure of TOPSIS method is as follows.

Step 1 Normalization of the evaluation matrix: Assume fij 
to be of the evaluation matrix R of alternative j under evalua-
tion criterion i, then an element rij of the normalized evaluation 
matrix R can be calculated by normalization methods.

(3)CI = (�max − n)∕(n − 1)

(4)CR = CI∕RCI

(5)rij =
fij�∑J

j=1
f 2
ij

j = 1, 2, 3,… , J, i = 1, 2, 3,… , n

Step 2 Construction of the weighted normalized decision 
matrix: The weighted normalized decision matrix can be cal-
culated by multiplying the normalized evaluation matrix rij 
with its associated weight wi to obtain the results.

where wi is given by ∑n
i-1wi = 1

Step 3 Determination of the positive and negative ideal 
solutions: the positive ideal solution A* indicates the most pref-
erable alternative and the negative ideal solution A− indicates 
the least preferable alternative.

Step 4 Calculation of the separation measure: the separation 
from the positive and negative ideal (Dj

*, Dj
−) for each alter-

native can be measured by the n-criteria Euclidean distance.

Step 5 Calculation of the relative closeness to the ideal 
solution: the relative closeness of the ith alternative with 
respect to ideal solution A + is defined as

(6)vij = wi ∗ rij j = 1, 2, 3,… , J, i = 1, 2, 3,… , n

(7)

A∗ =
{
v∗
1
,… , v∗

i

}
=

{(
max

j
vij
||i ∈ I�

)
,

(
min
j

vij
||i ∈ I��

)}

(8)

A− =
{
v−
1
,… , v−

i

}
=

{(
min
j

vij
||i ∈ I�

)
,

(
max

j
vij
||i ∈ I��

)}

(9)D∗
j
=

√√√√ n∑
i=1

(
viji − v∗

i

)2
, j = 1, 2, 3,… , J.

(10)D−
j
=

√√√√ n∑
i=1

(
viji − v−

i

)2
, j = 1, 2, 3,… , J.

(11)CC∗
j
=

D−
j

D∗
j
+ D−

j

, j = 1, 2, 3,… , J.

Table 2  Membership function 
of fuzzy numbers

Linguistic scale for importance Fuzzy number TFN (L, M, U) Reciprocal of 
TFN (1/U, 1/M, 
1/L)

Equally important M1 (1, 1, 1) (1, 1, 1)
Equally moderate important M2 (1, 2, 3) (.33, .5, 1)
Weakly important M3 (2, 3, 4) (.25, .33, .5)
Moderate important M4 (3, 4, 5) (.2, .25, .33)
Moderately strong important M5 (4, 5, 6) (.16, .2, .25)
Strongly important M6 (5, 6, 7) (.14, .16, .2)
Very strongly important M7 (6, 7, 8) (.12, .14, .16)
Very strongly extreme important M8 (7, 8, 9) (.11, .12, .14)
Absolutely important M9 (8, 9, 10) (.10, .11, .12)
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Step 6 Ranking the priority: a set of alternatives then 
can be preference ranked according to the descending order 
of CCj

*.

The proposed methodology in selection of biomass for 
pyrolysis is carried out in three steps: 

1. Selection of criteria to be used in the analysis.
2. Weightage computation using FAHP.
3. Ranking of the alternatives using TOPSIS.

The schematic diagram of the working model for the 
selection of best biomass is shown in Fig. 1. In the first 
phase, alternatives and performance criteria are identified 
and decision hierarchy model is formed. In the second stage, 
the weightage of the criteria is determined using fuzzy AHP 
and in the third stage, the ranking of the alternatives is done 
using TOPSIS model.

Results and discussions

Calculation of criteria weight using FAHP

The decision hierarchy diagram of criteria and alternative 
selection is given in Fig. 2. The pairwise comparison of the 
criteria was performed in order to determine the relative 
weights. In this model, the pairwise comparison is done with 
Satty’s (1990) nine-scale linguistic fuzzy model as given in 
Table 2. The geometric mean values are calculated and the 
relative weights of criteria are calculated. Then, the consist-
ency index CR is calculated using Eqs. 2–4 to check the 
consistency of weights given to criteria is correct or not. The 
calculations of the FAHP models are computed in Table 3.

Ranking of alternatives using TOPSIS

The specification of the biomass fuels properties is tabu-
lated in Table 1, and the normalized values of the matrix are 
calculated using Eq. 5 and the values are given in Table 4. 
The weighted decision matrix is formed with FAHP weight 
using Eq. 6. The positive and negative ideal solutions are 

Determination of alternative biomass

Identification of criteria

Building of decision hierarchy 

Approval of 
decision 
hierarchy

Literature 
data

PHASE -1

Determination of Consistency Ratio 
(CR) value

Acceptance of 
CR

PHASE-2

Determination of ranking 

TOPSIS

Selection of optimum alternatives 

PHASE-3

Establishing pair wise comparison 
matrix 

Find direct Eigen value and Eigen vector

Y

Criteria
weight by 

FAHP

N

Fig. 1  Schematic diagram of stages in biomass material selection

Fig. 2  Decision hierarchy of 
biomass material selection

RS SS HW WS PS

Lignin Cellulose
Hemicellu

lose
Volatile 
matter

Fixed 
carbon

Moisture 
content

Ash 
content

CRITERIA FOR BIOMASS SELECTION
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computed using Eqs. 7–8, and the separation measures are 
calculated using Eqs. 9 and 10. The values of A*, A−, Dj

* and 
Dj

− are listed in Table 5. The relative closeness values CCj
* 

and ranks of the alternatives are calculated, and the obtained 
results are also tabulated in Table 5. The ranking order is 
based on closeness coefficient (HW = 0.717 > SS = 0.709 > R
S = 0.473 > PS = 0.393 > WS = 0.392). The closeness coeffi-
cients of the alternatives are not closest to the ideal solution. 
Hard wood ranked first among the other alternatives with 
the closeness coefficient of 0.717, which is not closest to 
ideal value 1. The ranks attained using the proposed method 
is shown in Fig. 3. The ranking order of the alternatives is 
given as per the ascending order of the closeness coefficient 
values and the order is HW > SS > RS > PS > WS. Among 
the list of alternatives, hard wood (HW) is chosen as the best 
biomass using FAHP–TOPSIS model for maximum bio-oil 

yield during flash pyrolysis. The higher mass density of 
HW when compared with the other selected biomass will 
be the main reason for the maximum bio-oil yield. From 
the previous literatures, heat and mass transfer restrictions 
had a profound influence resulting in the pyrolysis product 
distribution (Mani et al. 2010). The lower ash content and 
moisture content of the HW will enhance the better quality 
of the bio-oil. The presence of a low content of lignin in 
the HW would impose the cellulose degradation pathway, 
leading to the promotion of a char yield (Akhtar and Amin 
2012). So the lower lignin content and higher cellulose con-
tent of the sample predict maximum bio-oil yield (Dorez 
et al. 2014). The lowest volatile fraction of the WS samples 
leads lower possibility for the maximum bio-oil yield. Even 
it has maximum cellulose content than PS and RS samples, 
it has maximum moisture and ash content which gives poor 

Table 3  Pairwise comparison and result of FAHP

Lignin in 
wt%

Cellulose in 
wt%

Hemicellu-
lose in wt%

Volatile mat-
ter in wt%

Fixed carbon 
in wt%

Moisture 
content in 
wt%

Ash content 
in wt%

Weight

Lignin (1, 1, 1) (.2, .25, .33) (.33, .5, 1) (.14, .17, .2) (.33, .5, 1) (1, 2, 3) (.33, .5, 1) 0.0676 λmax = 7.63,
CI = 0.105,
RCI = 1.32
CR = 0.078

Cellulose (3, 4, 5) (1, 1, 1) (1, 2, 3) (.33, .5, 1) (2, 3, 4) (2, 3, 4) (1, 2, 3) 0.1979
Hemicellu-

lose
(1, 2, 3) (.33, .5, 1) (1, 1, 1) (.25, .33, .5) (1, 2, 3) (2, 3, 4) (1, 2, 3) 0.1409

Volatile 
matter

(5, 6, 7) (1, 2, 3) (2, 3, 4) (1, 1, 1) (4, 5, 6) (5, 6, 7) (3, 4, 5) 0.3342

Fixed carbon (1, 2, 3) (.25, .33, .5) (.33, .5, 1) (0.17, .2, .25) (1, 1, 1) (2, 3, 4) (.33, .5, 1) 0.0992
Moisture 

content
(.3, .5, 1) (.25, .33, .5) (.25, .33, .5) (.14, .16, .2) (.25, .33, .5) (1, 1, 1) (.25, .33, .5) 0.0404

Ash content (1, 2, 3) (.3, .5, 1) (1, .5, .33) (.2, .25, .3) (1, 2, 3) (2, 3, 4) (1, 1, 1) 0.1198

Table 4  Normalized decision matrix of TOPSIS

Criteria PDA’s Lignin in wt% Cellulose in wt% Hemicellulose 
in wt%

Volatile matter 
in wt%

Fixed carbon 
in wt%

Moisture con-
tent in wt%

Ash 
content in 
wt%

RS 0.0202 0.0721 0.0582 0.1640 0.0272 0.0115 0.0662
SS 0.0191 0.1087 0.0840 0.1530 0.0478 0.0067 0.0616
HW 0.0309 0.1067 0.0607 0.1644 0.0382 0.0069 0.0339
WS 0.0197 0.0831 0.0546 0.1221 0.0534 0.0309 0.0631
PS 0.0495 0.0622 0.0524 0.1395 0.0501 0.0211 0.0323

Table 5  Result of TOPSIS 
model

Alternatives A* A− Dj
* Dj

− CCj
* Rank

RS 0.0191 0.0495 0.062 0.055 0.473 3
SS 0.1087 0.0622 0.031 0.077 0.709 2
HW 0.0840 0.0524 0.030 0.076 0.717 1
WS 0.1644 0.1221 0.069 0.045 0.392 5
PS 0.0534 0.0272 0.070 0.045 0.393 4
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performance during pyrolysis. According to Demirbas 
(2004), the presence of moisture influenced significantly 
the thermal degradation degrees of the biomass samples. 
There is a correlation between the loss of volatile matter and 
the increase in the pyrolysis product yield. The volatile mat-
ter contents of the HW when compared with other selected 
biomass samples are high. Normally, loss of their volatile 
matter during pyrolysis is almost 90% for the formation of 
pyrolysis products (Küçükbayrak and Kadioǧlu 1989). The 
higher volatile content of the HW may be the main reason 
for the prediction of suitable biomass by MCDM approach.

From the scientific perspective, the HW is the best option 
among the five materials. However, from the reality perspec-
tive, HW also can be the best option for the environmental 
protection. A life cycle assessment of the flash pyrolysis of 
hard wood would be environmental friendly, and the process 
has slight contribution to the environment (Bech et al. 2009). 
The uncondensable pyrolysis gas called biogas coming out 
from the pyrolysis does not have any impact on the environ-
ment. This may be due to the fact that the entire pyrolysis 
gas is used as an input for the next process where pyrolysis 
gas is heavily filtered. However, continuous research and 
developments must be carried out to address the global 
warming potential issue. The impacts of the inputs such as 
fluidizing gas and the heat supplied to the reactor have some 
impact on the global warming (Zhong et al. 2010).

Conclusion

This study has presented a novel hybrid MCDM methods 
based on TOPSIS to evaluate suitable biomass material for 
maximum bio-oil yield during pyrolysis. FAHP is used to 
work out the weights of evaluation criteria which are used as 
the input for TOPSIS, for ranking the material alternatives. 

This study involves various evaluation criteria like lignin, 
cellulose, hemicellulose, volatile matter, fixed carbon, 
moisture content and ash content for the evaluation process. 
The ranking order of the alternatives were given as per the 
ascending order of the closeness coefficient values, and the 
order is HW > SS > RS > PS > WS. This MCDM approach 
is producing a significant result and also a bridge cap in 
between the past research in pyrolysis for suitable material 
selection for maximum bio-oil yield. The proposed model 
is a simple, convenient, precise and efficient tool to choose 
the suitable material among the alternative materials. The 
present study concluded that the HW is chosen as the best 
biomass by correlating various positive and negative prop-
erties of the samples. Higher cellulose, volatile content and 
lower ash, moisture content of the HW predicted maximum 
bio-oil yield.
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