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Highlights:
What are the main findings?

e Assessment of three cookstove technologies using the AHP.
e Technological, social, economic, and environmental criteria were evaluated.

What is the implication of the main finding?

o The technologies were assessed using four main criteria corresponding to 12 sub-criteria.
e ECS technology is the most advantageous technology, followed by BCS and TCS.

Abstract: Pakistan is not merely confronting the energy crisis but also dealing with the scarcity of
economical technologies for the utilization of energy resources. From the basic resources, renewable
energy is one of the considerable resources. Due to environmental issues related to greenhouse
gases (GHGs) and air pollution in Pakistan, the other energy resources are constricted. In rural
areas, biomass resources are a fundamental need for domestic purposes. The prominent reason for
environmental degradation and deforestation is due to ineffective use of such resources. Biomass
resources for heating and cooking purposes are abundantly available in rural areas of Pakistan. In
this context, this study helps us select the applicable cookstove technologies for the Sindh province
for the proper utilization of biomass resources. The AHP (analytical hierarchy process) was used as
the central methodology for the cookstove ranking. Concerning its improvement, four main criteria
corresponding to 12 sub-criteria were considered for the selection of three cookstove technologies,
i.e., traditional cookstoves (TCS), efficient cookstoves (ECS), and biogas cookstoves (BCS). The
final decision of the AHP framework exposed the ECS technology as the advantageous technology,
followed by the BCS and TCS, respectively. To analyze the results, a sensitivity analysis of the major
results has also been carried out, and under the final ranking matrix, the ECS alternative got the
highest weightage, nearly 36.56%, based on the developed model.

Keywords: biomass energy; analytical hierarchy process; cookstoves; sensitivity analysis; Pakistan
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1. Introduction

For the development of any nation in a socio-economical manner, energy performs a
vital role [1,2]. Multiple sources of energy, including wind, coal, and nuclear petrol, have
been assessed by humans [3]. It is impossible to endure without energy in the modern era.
Currently, due to sensitivities of environmental and energy issues in the public and political
sector, renewable energy resources get the core attention. Biomass is one of the sources of
clean energy that is likely to play a key role. It has been used for decades as just a primary
energy source. Being a farming country, Pakistan attains a vigorous economic position [4,5].
The population of Pakistan and its growth rate is around 223 million and 5.71 percent
(annually), respectively [6,7]. Due to the continuous increase in population, Pakistan is in
the fifth position as one of the world’s most heavily populated countries. Even though
Pakistan is blessed with immense primarily renewable resources, for harnessing these
resources, very negligible effort is noted. Ergo, the national energy system has restricted
energy supplies and referred to the country as having an energy deficiency.

Figure 1 shows that around 65% of Pakistan’s population occupies pastoral regions,
and cultivation is their principal mean of earning. Biomass is the green energy option
that has solved a continuous energy problem [8,9]. Renewable energy supplies are the
most dispersed sources of energy, and numerous nations have made countless attempts
toward its utilization [10,11]. Both rural and urban households with less income usually
acquire their daily heat through the combustion of traditional fuel, such as animal dung
(fertilizer), bagasse, wood, and agricultural residues. Additionally, the portion of cooking
fuel consumed inside rural regions of Pakistan in the year 2011 is given in Figure 2 [3].

ulll.l.mmn
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Figure 1. Rural vs. urban population [6].
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Figure 2. Cooking fuel consumption in rural and urban regions.

In Pakistan, mostly solid fuel is consumed for cooking, among which the urban
households have 13% of the value, whereas 87% of the consumption is made by rural
households [12]. Solid fuels emit chemicals and pollutants, while their open combustion is
hazardous for health [12,13].

Energy impersonates an integral part in social and economic advancement through
improving the norms of human beings. The population of Pakistan is unable to control the
limited resources. Globally, these shortages can be overcome by the utilization of renewable
energies in Pakistan [14]. Green resources development not only solves the energy crisis,
but it also saves enormous import bills [15].

In Pakistan, considering different sectors of the economy, energy demand is increasing
constantly. In rural areas, Biomass is a feasible resource of energy for cooking purposes. It
is difficult to make an acceptable decision while considering the characteristics of biomass
energy for cooking stoves. The present research aims to establish an AHP model for the
selection of alternative cookers for rural regions. The current study has encompassed the
initial research efforts. Initially, it has described the consumption of biomass in Pakistan.
Moreover, the biomass-based cookstoves are also reviewed in the current part based on
models, performance, complications, and diffusion; brief literature on ECS, TCS, and BCS
is also presented. Finally, the modus operandi of AHP in MCDM for a selection of an
alternative is also examined.

2. Utilization of Biomass in Rural Areas

In the world, biomass is considered a mega source for power production. It almost
accounts for thirty-three percent (33%) of the country’s energy consumption, touching the
range from 75% to 90% in countries like Paraguay, Kenya, and Bangladesh. Moreover,
the rural areas have a higher ratio of 56% due to the paramount usage of fuelwood for
cooking and heating. Additionally, there is a divergence between rural and urban energy
systems, as depicted by the practice and the quantitative outgo of energy. Likewise, the
urban systems depend upon commercial sources, and the rural system is entirely reliant on
non-commercial-based energy sources like cow manure, fuelwood, and likewise [16,17].
Almost 62% of Pakistan’s population belongs to rural areas, accomplishing their domestic
necessities of heating and cooking through the ineffectual and inefficient burning of biomass
(TCS) that does not only cause indoor air pollution (IAP) but also promotes deforestation.
An evaluation of ECS/ICS has been made on their capacity for the conservation of biomass
inside Pakistan and found that more than the 50% of the biomass utilization in both
functions of cooking and heating mayhap will be conserved via replacing TCS with ECS, as
depicted by the Figure 3 [18,19].
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Figure 3. The total estimated number of ECS installations in Pakistan [18].

3. Technologies for Biomass Resources

Rural areas usually are affected by a specific form of heat by smoldering in inherited
(three rock fire-cook) cookers. Combustion of biomass produces substantial exposure to
indoor air pollution (IAP) to infants and females during daily cooking hours. Additionally,
this IAP will further increase the risk of severe respiratory diseases amongst children, and
chronic obstructive pulmonic infections in adults are the most common causes of death
under these age groups in developing countries [11,20-22]. Classifications of cooking stoves
have been classified into three categories, which are briefly elaborated on below.

3.1. Traditional Cook Stoves (TCS)

The normally used cooking stoves are named traditional cooking stoves. These are
constructed by placing three stones in a triangle or U-shaped design. The reasonably
priced stove is TCS, which can be found in various nations in the world. The heat amount
transferred is quite low. Due to the smoke, health is also affected. About 20% is its maximum
efficiency, and it is dangerous, possessing excessive radiations of carbon monoxide and
particulate matter (PMs) [15].

3.2. Efficient Cook Stoves (ECS)

ECSs are made to minimize effusions with enhanced performance. An ICS enhance-
ment uses the low price to devastate TCS faults. Experimentally, ICS reduces hazardous
emissions by 40-75%, while increasing gas efficiency by 30% [23]. A chimney is attached
that provides a healthy combustion feature by eliminating internal air pollution and raises
its value. The ECS covers a furnace in which the demand for the gas to be burned, the
presence of air, and the excess heat generated are provided only for cookery.

3.3. Biogas Cook Stoves (BCS)

Domestically, waste-originated biogas could also be utilized as a fuel. Essentially, it is
an amalgam of CO, (35%) and CHy (65%). Stove design is established specifically for the
low-pressure gas flames. Biogas burns out over a small variety of mixtures comprising of
9-17 percent of the air-surrounded biogas, for example. If there is a tremendous amount of
gas in the burning fire, there will be deficient burning, providing toxic CO gas and smoke
particles [24]. Its design has extensive health advantages compared to the TCS, which is an
open-fire stove. Smokeless cooking is carried out that reduces the health-related issues of
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breathing and eye infections. Anaerobic digestion can alleviate sewage sludge and convert
the carbon-based compounds into methane. Additionally, anaerobic digestion converts
animal waste into fertilizer [25,26].

4. MCDM for Selection of Biomass Energy Technologies

Distinct surveys have been carried out for the assessment of the energy capability of
biomass resources in Pakistan. However, when it comes to using the MCDM method for
the selection of energy technologies for biomass, no research has been conducted in Sindh.
MCDM with its branches is briefly described in the subsequent section.

4.1. Multi-Criteria Decision Making (MCDM)

Multi-criteria decision-making, a general class of organizational analysis models, is
the esteemed decision-making division that deals with decision-making problems amid
a variety of selection processes. MCDM considers both qualitative and quantitative pa-
rameters. The multi-criteria methodology is a versatile instrument that has the potential
to manage a variety of variables measured in changed behaviors and hence indicate the
decision-valuable maker’s assistance in mapping the problem. There are two large MCDM
domains, as seen in Figure 4: multi-objective decision-making (MODM) and, multi-attribute
decision-making (MADM).

MCDM

-~ .

MODM MADM
3 o
Multi-objective Methods =yn 9 Methods
group DSS, GP, etc. Criteria Methods
; : }
ELECTRE,
WSM, WPM AHE JOBSE. cte PROMETHEE, etc.

Figure 4. MCDM methodology hierarchy [27].

One of the MADM methods is the AHP, and it is a growing application in the energy
system dilemma decision process [28-31]. A detailed overview of the AHP modus-operandi
is given in the following section.

4.1.1. AHP for Selection of Biomass Energy Technologies

In sustainable energy management, the analytic hierarchy process (AHP) modus
operandi has gained popularity. This methodology helps in solving problems that include
numerous conflicts and objectives. L.-S. Antonopoulos et al. in 2014 showed that the
analytical hierarchy process is also applied to compare and evaluate municipal solid-waste
management. Moreover, this study encompasses the performance of sensitive analysis [29].
The analytic hierarchy process has also been utilized in an agglomeration of green energy
models, according to the Spanish government [28]. Further, the study by Salman Ahmad
et al. in 2013 had also applied the same procedure in Malaysia for electricity generation
while using AHP for energy sources. Moreover, the same procedure helps administrators to
articulate a long-term renewable energy agenda for sustainability [32]. Efforts were made
by Sunil Luthra et al. in 2014 in India to pick up on and prioritize the bottlenecks in the
endorsement of ‘green and renewable’ energy technologies while applying the technique
of the analytic hierarchy process [33]. JingzhengRen et al. in 2015 also used AHP for
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opting for the most reliable sources of energy for China. He included low-carbon energy
sources like wind, biomass, hydro, nuclear, and solar. The analytic hierarchy process,
owing to its multi-perspective analysis in its usage, is highly appreciated in the energy
sector [34]. On another side in Nepal, Prajapati and Nakarmi [8] depicted that presently, an
influential synopsis is very much crucial in the country. After reviewing relevant literature,
the appropriate selection of the model transformed into a formulated one that included
criteria, sub-criteria, goals, and alternatives. Finally, the AHP model was originated to
highlight the attraction of technologies in the imperative end-user assistance of a household
territory.

The analytic hierarchy process and skillfully preferred models are unlike financial
and managemental models, in which they should include all factors, quantitative and
qualitative or objective and subjective. Including ample iteration, the outcome of an expert
option would still make sense. In a few cases, the iteration will change the expectations of
alternatives to fit one’s instincts, whereas in most situations, the impulse shifts due to the
insight gained from the model. The AHP reduces a complex problem to a classification that
serves an upper purpose, a level of quality, a level of sub-standard, and decision-making
alternatives, as shown in Figure 4 below. As a result, at the highest level, each element
is connected in pairs to define its preference. To estimate the strength of the preference
between the two elements, Saaty’s Likert scale of 1-5 is used [28]. Furthermore, the factors
that influence the development of the model and its effects are discussed below.

4.1.2. Factors Affecting the Selection of Biomass Energy Technologies

A literature review of multiple factors that influence the model’s development has been
examined. Moreover, Table 1 presents various cooking stoves and their related technical
and financial parameters. Accordingly, it revealed that the design of the biogas cookstove
has a higher status. Even so, because of its affordability, the TCS is more favored than the
BCS and the ECS. In addition, the literature also shows that the TCS contains more CHy,
COy, NO,, and particulate matter after BCS and ECS.

Table 1. Factors affecting selection of technologies.

Alternatives
Main Criteria Sub-Criteria References
(TCS) (ECS) (BCS)
Design Poor Good Better [35-37]
Technological Reliability Medium Low High [20,38]
Efficiency 9-13% 20-40% 45-55% [7,39]
Availability High Medium Low [35,36,38]
Particulate Matter pug/ m3 717.1 186.3 210.2 [40,41]
i tal Ermisei CO, - - -
nvironmenta missions
ke T 1) CH, 519.6 408 57.8 [20,35,36,41]
N,O 3.74 4.83 5.2
Better, faster, Clean sources,
Commonly - reduces indoor
used, requires and requires pollution, gender
Community Acceptance ! less amount of . [8,39]
more amount of equality, saves
wood . .
wood consumption time, not easﬂy
Social P affordable
Ease concerning Usage Ea.51.nes.s in reducgd .smoke well—buﬂ.t and [19,38]
utilization emissions enduring
. purifying,
Effect on standard of living room air IOW. wqod prevents [34,41]
polluting utilization

landfilling
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Table 1. Cont.

Alternatives
Main Criteria Sub-Criteria References

(TCS) (ECS) (BCS)

Investment Cost (US $) 55 274 100-300 [23,24]

i operational and maintaining price biogas stove has
Economical P (US $) &P Nil 14 zero maintenance [13,36,41]

price

Affordability High Medium Low [37,39]

The ECS necessitates a small amount for cookery. Hence, it is considered the best
choice for community approval. Moreover, in the comparison of ECS and TCS, BCS is
preferred, as it demands a clean source, emits minute, reasonable indoor air pollution, and
preserves time. Biogas influences the quality of life. Additionally, the biogas cookstove
has a higher initial cost than the TCS and ECS, whereas the TCS is more affordable. As
per this study, the AHP model is formed for the choice of cookers in Sindh, where four
fundamental standards, including twelve sub-standards, were recognized for the analyzing
of biomass energy technologies.

5. Methodology

The selection of appropriate cookstove technologies, based on biomass resources for
the Sindh province by applying the AHP technique of MCDM, was considered in this study.
The weights and ranking for the appropriate cookstoves were determined with the help of
AHP. A detailed AHP description is given below.

5.1. Study Area and Assortment of Data

To collect data from various regions in Sindh, a questionnaire was prepared for
an accurate response from locals, especially women. Moreover, ten respondents were
authorized to sort out the questionnaire to know locals” viewpoints regarding multiple
criteria for choosing suitable alternative technology (BCS, ECS, and TCS). For evaluation,
the AHP technique was used to assess the assembled information, and for that, the sample
volume required was to be reliable and central. Figure 5 represents the regions selected for
the collection of data for the questionnaire.

The examined hamlets are shown in Table 2, located in the Khairpur, Hyderabad,
and Tharparkar districts of Sindh, Pakistan. Setharja is a village in Thari Mirwah Tehsil,
Khairpur District of Sindh. Its directions are 27.2043° N, 68.4801° E. The figures of homes
and inhabitants is given in Table 2. Khaskheli village is situated on the correct bank of the
Indus, close to the thruway. The area of this town is 25.456786° N, 68.365135° E. Cultivating
is generally around this town. It ought to be noticed that there is likewise a cows’ ranch.
Mehrand is another town close to Mehrand Lake. It is situated close to Tharparkar town of
Kaloi. Its topographical position is 24.685500° N, 69.312764° E. The number of inhabitants
in Mehrand town is around 490, as portrayed in Table 2.

Table 2. List of chosen Rural regions of Sindh.

Surveyed Area Names of Villages Population Number of Households
Khairpur Setharja 1500 220
Hyderabad Khaskheli Village 720 60

Tharparkar Mehrand 490 70
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Figure 5. The geographic position of distinctive villages in Sindh (Google maps).

Initially, the questionnaire was prepared in English, but due to the native language
of respondents, it was changed to Sindhi. Additionally, the educational level of surveyed
villages was 76% literate and 24% illiterate.

5.2. Analytical Hierarchy Process (AHP)

The analytical hierarchy process is measurement through assessments and the es-
timation of importance. This method evaluates pairwise comparisons through which
alternatives involving several criteria with their estimated weight can be compared. The
usage of pairwise correlations permits chiefs to weigh coefficients and think about other
options. To accommodate the decision-making problems, it can easily be adjusted in size
because of its hierarchical structure [28,42,43]. Concerning AHP, a complicated problem is
a breakdown into a hierarchical order, with objectives at the upper hierarchy level followed
by criteria and sub-criteria at levels and sublevels of the hierarchy; decision alternatives
are placed at the bottom of the hierarchy, which is presented in Figure 5. To evaluate
the strength of preference between two elements, Saaty’s Likert 1-5 scale is utilized. On
the scale, 1 shows equivalent significance, 2 demonstrates modestly more significance, 3
demonstrates firmly more significance, 4 demonstrates emphatically more significance, and
5 shows incredibly more significance. The last composite vector of weight coefficients for
choices is gotten after the strategy processes and totals their eigenvector. The passages of
the last weighted coefficients imply the relative significance (estimation) of every option
relating to the objective indicated at the highest point of the pecking order [42,44-46].
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A grid A of pairwise comparison is generated by putting the aftereffects of component
i with component j into the position 4;;, as demonstrated beneath.

a1 412 ... dip

azy 4 ... O
A prm—

Al An2  --- Gun

5.3. Formulation of Structure of AHP

The selection of the most suitable alternative was still not an easy task, specifically
when considering sustainability matters. The four main criteria and twelve sub-criteria
were carried out i.e., technological, environmental, social, and economic from the litera-
ture [8,33,37,38]. TCS, ECS, and BCS are three alternative cookstove technologies to be
evaluated for the ranking. Sub-criteria related to each main criterion was also recognized,
which is shown in Table 1. After the distinguishing proof of primary standards and sub-
standards, the following stage was to decide the general weights of every model and the
positioning of the choices of these measures. The weights were carried out by using Expert
Choice software. For evaluating the AHP model, the method of eigenvector was used for
this study. Figure 6 demonstrates the main steps implicated in this methodology:

While the pairwise correlation could be biased, AHP practices a compatibility test
of associations. Equations (1) and (2) represent the way the consistency ratio (CR) and
consistency index (CI) are computed correspondingly.

CI
R=— 1
C i 1)
Nmax — N
]=—"— 2
C p— ()

Random index (RI), which expresses the order of a matrix, is presented in Table 3.
The acceptable inconsistency level is CR < 0.1;; however if the inconsistency is higher,
i.e., CR > 0.1, then to attain better consistency, the decision-maker must re-evaluate the
element a;; of A. We calculated the value of 75y from,

Aw == nmaxw

Table 3. Random consistency index.

N 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

By observing that the ith equation,

n
Z aijwt = NmaxWt (©)]
t=1
wheret=1,2,...,n,
gives,
n p—
i=1

we obtain,

n n n
Z (Z aijwt> = Nmax Z Wt = Nypax (5)
i=1

i=1 \i=1
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fmax can be calculated by determining a column vector Aw and afterward calculating
the summation of the elements. Furthermore, adding all the criterion’s weight and their
related weights for each alternative was practiced for the last positioning of choices for the
primary standards. The best substitute was one, having the highest rank concerning the
main criteria.

Figure 6. Flowchart of AHP steps.

An AHP model was developed for the selection of cookstoves in Sindh to assess the
specific biomass energy technologies. The four main criteria, according to the literature,
were categorized. To further improve the model, twelve sub-criteria were identified, giving
a direct impact on ranking biomass technologies. The main criteria and sub-criteria of
the AHP model are shown in Figure 7. They were recognized from the literature and are
appropriate for the energy and environmental system challenges in Pakistan.
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Figure 7. Hierarchy of AHP model.

The AHP model formed for this research comprises of four levels. The goal of the
model is at the top level, followed by the criteria at second level. At the third level, sub-
criteria are placed and identified as alternatives. At the second level, technical, economic,
social, and environmental are considered the four main criteria for this study. Sub-criteria
are at level three, and these are given in Figure 6. The fourth level consists of all alternatives
for selection of cookstoves by the AHP model. To decide the elements’ importance and
decision with alternatives, pairwise comparisons were made by using the fundamental
scale of the AHP given by Saaty [28], stated in Table 4.

Table 4. Saaty’s Likert scaling for identifying intensity of preference.

Intensity of Importance Definition
1 Equivalent significance
2 Modestly more significance
3 Firmly more significance
4 Emphatically more significance
5 Incredibly more significance

6. Results and Discussion

To acquire the weightage for the criteria and sub-criteria as presented in Figure 7,
the females working in rural territories were asked to finish a review through pairwise
comparison via Saaty’s Likert of 1-5. Further, the stages involved in AHP, as discussed
in the above-given flow chart (Figure 6), were achieved by applying the specialist option
measuring mechanism, whereby only ten were taken, with the inconsistency of most up to
0.1. The four key criteria were rated by respondents (environmental, economic, social, and
technical).

6.1. Computation of Weights of Main Standards

Survey respondents judged the entire fundamental criteria of the study AHP frame,
encompassing environmental, economic, socio-politic, and technical for their respective
relative importance while using Saaty’s scale. Figure 8 denotes the entire prestige achieved
by each of the key criteria in percentages.

Technological criteria occupy the highest weight of about 38% out of the four main
criteria. Hence, it is the most significant for determining the suitable biomass energy
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alternatives technology. The other significant criteria were environment, followed by
economic and social, respectively.

C4: Economic 22.97%

C3: Social 14.20%

C2: Environmental 25.06%

C1: Technological 37.77%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

B Cl: Technological ~®C2: Environmental B C3: Social ®C4: Economic

Figure 8. Relative weights of the criteria based on goal.

Computation of Weightages of Sub-Standards

Pairwise comparisons of twelve sub-criteria of this research were conducted, and the
resulting weightages are given in Figure 9.

Technological Main Criteria Environmental Main Criteria
(C11-C14) (C21-C22)
C14: Availability | 18.03% C22:0Other Pollutant 47.82%

C13: Efficiency NG 46.97%

C12: Reliability [N 14.48%

C21: Particulate matter 52.18%
C11: Design [N 20.52%
0% 20% 40% 60% 44 46 48 50 52 54
Social Main Criteria (C31-C33) Economic Main Criteria (C41-C43)

C33 pact On Qua ity o _ %
C43: Affor dabll]ty _ 27.52%

C32: Convenience of Use - 22.37%
C42: Operating and _ N
Maintenance Cost 36:25%
C31: C it
Acceptance

0% 10% 20% 30% 40% 50% 60%

C41: Investment Cost _ 36.23%

0% 20% 40% 60%

Figure 9. Relative weights of various sub-criteria.
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In the technological sub-criteria, a total of four sub-standards were compared pairwise,
and results show that the sub-criterion efficiency has accomplished the most noteworthy
weightage of about 47%, supported by design, availability, and dependability.

Regarding the environmental sub-criteria, the sub-criterion particulate matter was
judged with the highest proportion, approximately about 52.18%, and was followed by
other pollutants, as the maximum emission of CO; is the indication of increasing conscious-
ness about the hostile repercussions on the universal climate change enigma.

Similarly, in the socio-political sub-criteria, impact on the quality of life has accom-
plished the most elevated weight of about 44.40%, supported by community acceptance
and convenience of use. Moreover, the impact on the quality of life is suggestive of the
health and safety issues inside the country and consequently utters the inclination of the
overview respondents.

Finally, in the economic sub-criteria, the results exhibit that the sub-criterion operation
and maintenance cost was decided as the main one of the financial models, trailed by
investment cost and the affordability sub-standards, as depicted in the above portrayal.
This evaluation demonstrates the inadequacy of the necessary interests in energy projects,
since Pakistan is generally dependent on advances from global financial establishments.

6.2. Concluding Grading of Alternative Technologies

Finally, Figure 10 presents the last weightages of the three elective innovations (BCS,
ECS, and TCS) concerning every principal standard (C1-C4).

Biogas Cook Stove (BCS) _ 33.25%
Efficient Cook Stove (ECS) _ 36.56%
Traditional Cook Stove (TCS) _ 30.20%

0% 10% 20% 30% 40% 50%
m Traditional Cook Stove (TCS) m Efficient Cook Stove (ECS)

m Biogas Cook Stove (BCS)

Figure 10. Final ranking of alternative technologies concerning main-criterion.

To check the robustness of the AHP results, it is better to carry out sensitivity analysis;
the section below presents the sensitivity analysis of the given results. Sensitivity analysis
is important for the justification of these deviations.

7. Sensitivity Analysis

Sensitivity analysis is an examination of the model. Its purposefulness is broadly
recognized in the world. The uses are divided into four top divisions: the advancement
of suggestions for decision-making, communicating, progressing understanding or quan-
tification of systems, and advancement of models. SA has an uncomplicated thought to
switch the model and look at its performance. The present segment encompasses what to
switch, what to scrutinize, and lastly, the test design of sensitivity analysis [46].
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The final SA results were performed to examine how these results could vary concern-
ing the different views of working women. The coming part formally progresses with the
study’s sensitivity analysis.

7.1. Dynamic Sensitivity Analysis

Dynamic sensitivity analysis shows that the changes in priorities from one main
criteria to the other impact the rankings of the alternatives of the present study. The
following section elaborates on the changes in the main criteria and their effects on the
actual results.

7.1.1. Scenario Alternative 1

First, the dynamic sensitivity analysis of the actual results was examined. The deter-
mined weights of the total criteria considering all alternatives is shown in Figure 11. Given
results show that technological criteria (C1) gained the highest weightages, and ECS was
the most favored alternative.

Tnchnulng'; I T6%  Traditional Cook Stave (TCS) 30.20%
—— | [ ]

Environmantal 2506% Efficient Cook Stove (ECS) 3 56%
— | I

Social 14.20% Biogas Cook Stove (BCS) 33.25%
[ | ]

Ecenomic 2297%

J

Figure 11. Dynamic sensitivity analysis of the actual results for Scenario Alternative 1.

7.1.2. Scenario Alternative 2

By considering environmental (C2) as the highest weight (38%) which transformed
the weightages of other main criteria correspondingly, it was noticed there were not any
major changes. Assigning the highest weight to the main criteria C2 is shown in Figure 12.

Criteria Alternatives
Technology 31.46%  Traditional Cook Stove (TCS) 30 11%
(—— | I
Enmvironmental 3I756% Efficlent Cook Stove (ECS) 36.84%
———— ] [ ]
Social 11.83% Biogas Cook Stove (BCS) 33.05%
] |
Economic 19.14%
(— ]

Figure 12. Dynamic sensitivity analysis of the results for Scenario Alternative 2.

7.1.3. Scenario Alternative 3

Further, when the social criterion had been allotted the highest weight (38%), the
weightages of other criteria were also altered, though they did not give any intricate
changes, as depicted in Figure 13.
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Criteria Alternatives
Technology 22 46%  Traditional Cook Stove (TCS) I0.97%
— | _—
Emvironmental 26.82% Efficlent Cook Stove (ECS) 35.75%
(—— ) I —_—
Social 3706% Biogas Cook Stove (BCS) 33.25%
| | |
Economic 1367%
— |
Figure 13. Dynamic sensitivity analysis of the results Scenario Alternative 3.
7.1.4. Scenario Alternative 4
In this way, the criterion economic (C4) had been allocated the maximum weight (38%),
which changed the weights of the other criteria. It was again observed that after changing
the actual weightage of the economic criterion, the ranking of the results remained same as
the actual ranks, as shown in Figure 14.
Criteria Alternatives
Tachnology 16.24% Traditional Cook Stove (TCS) 3295%
— | ———
Environmental 19.35% Efficient Cook Stove (ECS) 35.17%
— | I
Socal 2680% Biogas Cook Stove (BCS) 31.89%
| | ]
Economic 37 56%
— ] 1
Figure 14. Dynamic sensitivity analysis of the actual results Scenario Alternative 4.
7.1.5. Scenario Alternative 5
Finally, approximately equal weights were allotted to all main criteria (25%). However,
the ranking remained the same as the actual results, as Figure 15 shows.
Criteria Alternatives
Technology 25.14%  Traditional Cook Stove (TCS) 31.38%
— | ____ 1§
Environmental 2456%  Efficient Cook Stove (ECS) 35.57%
—_— | | E—
Social 2478% Biogas Cook Stove (BCS) 12 75%
| | I I
Economic 25.13%

—

J

Figure 15. Dynamic sensitivity analysis of the actual results Scenario Alternative 5.

From the above changes, it is evident that dynamic sensitivity analysis shows that
if the preference of one standard alters, the weights of another criterion fluctuate too.
Moreover, some preferences regarding alternatives are reduced or risen in contrast to the
actual values, though the ranking remained unaffected in all perspectives (Figures 11-15),
which demonstrates the robustness of the AHP results of the study.

7.2. Performance Sensitivity Analysis

An exhibition investigation diagram shows that one option is best on each levelheaded
and each sub-objective! This is an indication of either a trifling choice or a more probable a
sign that something was neglected.

The general inclination attributed to every alternate option via those respondents is
emphasized in the performance sensitivity analysis for each main criterion. Though the
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performance of the ECS was more suitable among all criteria, followed by BCS and TCS,
the main criteria technology was considered very consistent in all criteria, as shown in

Figure 16.
M M) M M ra3.27 %
E— F40.00 %
.
\ Efficient Cook Stove. .. 36.56%
] - U aiionalCook 020
£20.00 %
o L
z = . £10.00 %
<} £ =
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= 2 © 2 ®
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Figure 16. Performance sensitivity analysis of alternative, with respect to the main criteria.

Performance Sensitivity of Alternatives on Sub-Criteria

Figure 17 Shows the performance sensitivity analysis of all sub-criteria, with weigh-
tages for all alternatives. It can be observed from the results that overall, the performance
of the ECS is the highest, although in few sub-standards, it is not considerable, such as for
availability (C14) and affordability (C34). This reflects the respondents’ views about the
preferable alternatives. For the biogas, which is ranked as second, performance is overall
good, except for the affordability (C34). Furthermore, the third-ranked alternative is low in
many sub-objectives, as compared to the ECS and BCS, as shown in Figure 17.

6,32% - C43: Affordabilit

Overall

8.33% - C42: Operating and Maintenance Cost

4.72% - C31: Community Acceptance
6.31%- C33: Impact on quality of life

13.08% - C21: Particulate Matter
11.98% - C22; Other Pollutants
3,18%- C32: Convenience of Use
8.32% - C41: Investment Cost

7.75%- C11: Design
5.47%- C12: Reliablit
17.74% - C13; Efficienc
6.81%- C14: Availabilit

|

® Traditional Cook Stove (TCS) e Efficient Cook Stove (ECS) ® Biogas Cook Stove (BCS)

Figure 17. Performance sensitivity analysis of alternatives with respect to all sub-criteria.

The results of the ongoing study facilitate respondents with an insight into stove
technology. Additionally, the AHP reveals the last classification, regarding alternatives,
that the ECS-based cooking stove has reached the most leading counterweight. The ESC
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has been top ranked, having a weight of 38.67%. In contrast, the BCS ranked second, with
a weightage of 37.14%. In comparison, the TCS stands third, by weighing 24.18% based
on principal criteria. On environmental standards, the ESC stands at the top, with 38.11%,
whereas the BCS is second, with 32.16%, and TCS is third, with 29.13%.

Furthermore, the BCS has a proportion of 33.89%, with the highest value for the social
criteria, and the TCS has the second-highest ratio of 33.18%. Similarly, the ESC stands at
third, with a weightage of 32.93%. On economic criteria, the TCS has obtained the utmost
weight, around 38.16%, whereas the ECS and BCS appeared at second and third, with the
weightage of 33.63% and 28.22%, respectively, as depicted in the appendix. Furthermore,
under the final ranking matrix, the ECS alternative got the highest weightage, nearly
36.56%, based on the developed hierarchal (AHP) model.

The outcome of this study has speculated that the ECS cookstove technology is the
preferred measure for biomass energy in the Sindh province of Pakistan. Thus, investment
and era distribution should make the lives of ordinary people dwelling in rural areas thrive.

8. Conclusions

Effective utilization of energy resources is achieving prominent significance. This
study focuses on biomass, an energy resource, for choosing a suitable cookstove. For that,
an AHP model was developed. The developed model revealed its results and suggested
that the principal criteria is the economic criteria, which is the most essential and fundamen-
tal standard in opting for technologies, as per the survey respondents. This study estimated
three choices and conclusively, it is the ECS that is considered as the most predominated
technology to be acquired, followed by BCS and TCS, respectively. The ECS alternative
got the highest weightage, nearly 36.56%, based on the developed model in the sensitivity
analysis. Acceptance of technologies was based on various standards and sub-standards,
but the economic criteria determined the prioritization of technology in adopting suitable
cookstoves among all measures. The ECS was observed to be the most reasonable innova-
tive technology and ought to be made accessible in rural regions. Lastly, the respondents
claimed numerous extra advantages, including that, comparatively, ECS has low fuelwood
consumption and subsequently lower monetary expenditures for fuel, practical cooking
with reduced particulate matter, and low external health and environmental hazards.
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Abbreviations

TCS Traditional Cook Stove
ECS Efficient Cook Stove
BCS Biogas Cook Stove

MCDM  Multicriteria Decision Making
MADM  Multi-Attribute Decision Making
AHP Analytical Hierarchy Process

CR Consistency Ratio

CI Consistency Index

RISA Rando Index Sensitivity Analysis
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