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ABSTRACT

The use of electric cooking appliances, also referred to as eCooking devices, presents a practical and
sustainable solution for achieving universal access to clean cooking facilities by 2030. A choice modelling
analysis on the factors that influence the selection of an eCooker in Ghana has been conducted to facilitate
market expansion for organisations seeking to offer clean cooking services. The study utilised Analytical
Hierarchy Process (AHP), Fuzzy-TOPSIS, and Data Envelopment Analysis (DEA) methodologies to assess and
rank electric cookers based on crucial factors such as kWh consumption rate, cooking efficiency, affordability,
time-saving features, ergonomics, space utilisation capabilities, compatibility with cookware types, ease of
cleaning and maintenance procedures, accessibility, among others. The rate of consumption was identified as
the most critical factor, emphasising the significance of energy efficiency in the decision-making process. The
analysis showed that the induction stove was optimal, considering both Fuzzy-TOPSIS and DEA evaluations.
Although the induction stove may consume a considerable amount of electricity, its efficiency, performance,
and other attributes make it the preferred choice. This study presents a systematic approach to assessing and
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ranking electric cooking stoves in Ghana, offering valuable insights for both consumers and policymakers.

Introduction

According to the International Energy Agency (IEA),
2.6 billion individuals depend on solid biomass for their cook-
ing needs. Unfortunately, progress in this area has stagnated
since 2012 and has fallen behind the population growth rates
in certain regions. Putti et al., (2015) reports that the utilisation
of biomass for cooking is anticipated to persist as the primary
method until 2030 despite its severe health consequences
recorded globally. Cooking with firewood causes about
4 million deaths each year, forest degradation, climate change
as well as a decrease in biodiversity (Bouniol et al. 2023;
Guizar-Coutifio et al. 2022). Additionally, the smoke produced
from indoor biomass cooking has been linked with acute
respiratory illnesses, cataracts, heart disease, and cancer, pri-
marily affecting women and children who are more frequently
exposed (Ahmad et al. 2022; Balmes 2015; Leary et al. 2019;
Quinn et al. 2018; World Health Organisation 2022).

In Ghana, bioenergy constituted approximately 36% of the
overall primary energy consumption for the year 2020.
Notably, about 14% of the population presently utilises
Liquefied Petroleum Gas (LPG), which is a Tier 4, while an
additional 32% employ improved cook stoves (Tiers 2/Tier3)
as their preferred choice for cooking in 2021 (SEforAll 2021).
The surge in the utilisation of Tier 2 to Tier 4 technologies has
mainly been attributed to the government’s backing of LPG
expansion, along with a burgeoning demand for improved
cook stoves. Consequently, the proportion of households uti-
lising LPG as their principal fuel for cooking has increased

from 18% in 2010 to 25.3% in 2020, signifying the govern-
ment’s goal to augment the clean cooking penetration rate and
attain a target of 50% by the year 2030.

It is, however, gratifying to note that electric cooking
(eCooking) technology can be promoted within the stream of
tier 4 and above technologies in support of the government’s
drive. ECooking has been recognised as a promising sustain-
able substitute for household cooking with the potential to
alleviate the predicament linked to unclean fuel alternatives
(Atela et al. 2021). Research indicates that utilising electric
cooking methods can prove to be financially efficient and
also have a positive impact on both humans and the environ-
ment (Kaputo, Mwanza, and Talai 2023; C. Zhang et al. 2023).
In consideration to the electricity generation and consump-
tion, comparison of wood-based cooking and eCooking
showed that the eCooking equipment possess a relatively low
marginal levelized cost of energy (Atela et al. 2021).
Furthermore, geospatial techniques have also been employed
to investigate the plausibility of electric cooking in remote
areas, resulting in a comprehensive analysis demonstrating
that incorporating eCooking into electrification planning can
be economically feasible and environmentally beneficial, with
reduced greenhouse gas emissions (Sanchez Jacob 2021).

Extensive research has been conducted to compare
diverse electric cookstoves, and the findings have demon-
strated that eCookers offer higher efficiency and reduced
energy expenditures (Batchelor 2020a; El-Khozenadar
et al. 2022).
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In actuality, despite the numerous advancements and pro-
gressive developments in eCooking, the concept has yet to gain
widespread popularity in Ghana. Merely a small fraction of the
population utilises it as their primary source of cooking fuel.
As per Boateng et al., (2023) and Sarpong et al., (2022) work,
a meagre proportion of Ghana’s populace, thus less than 2%,
employ eCooking. Nevertheless, several specialists propose
that employing electricity as a means to cook in Ghana can
be financially advantageous (Bawakyillenuo et al. 2021).
A preliminary study conducted by MECS revealed that utilis-
ing electricity for cooking purposes incurred a 50% lower cost
compared to the usage of gas or charcoal. Furthermore, Ghana
boasts of a plethora of ecooking appliances available for pur-
chase, including but not limited to induction cookers, multi
cookers, pressure cookers, rice cookers, hot plates, micro-
waves, electric ovens, and halogens. As such, prospective
users need not encounter obstacles when selecting their pre-
ferred eCook. The Ghana eCook book, crafted by the MECS,
quantifies the conservation of energy, time, and money with
energy-efficient electrical devices when preparing conven-
tional meals. This implies that eCooking can sustain the
authentic flavour of indigenous cuisine in Ghana. Against
this backdrop, the authors grappled with the following queries:
a) Despite electric cook stoves being available in the Ghanaian
market and research demonstrating their cost-effectiveness,
why do we observe limited adoption and usage rates? b)
What factors influence adopters’ decisions to utilise specific
stove type? ¢) What insights can be gleaned from public deter-
minants to inform future decisions on eCooking?

The study bridges a void in the scholarly literature by
presenting empirical proof concerning the factors that
influence the acceptance and utilisation of eCooking tech-
nologies in Ghana through choice modelling analysis. To
achieve this goal, the present investigation employs the
analytical hierarchy process (AHP) to prioritise the vari-
ables that impact the acceptance and utilisation of ecooking
appliances among end-users. The most suitable device was
identified by utilising the techniques of fuzzy TOPSIS
(FTOPSIS) and Data Envelopment Analysis (DEA). These
methods allowed for a comprehensive assessment of var-
ious devices, considering multiple criteria factors. The
FTOPSIS technique involved the use of fuzzy logic to
handle imprecise data and uncertainty in decision-making.
Meanwhile, DEA enabled a comparison of different devices
based on their efficiency in achieving optimal eCooker.
Through these approaches, the optimal device was ulti-
mately selected for both analyses, ensuring maximum effec-
tiveness and performance for the intended application. The
study further reviews the potential of PV-eCook systems to
support decisions on eCooking within the country. The
subsequent sections of this study are laid out as follows:
Section 2 shows the primary classifications of eCookers in
Ghana, elucidates the AHP configuration, and expounds on
the methodologies employed for DEA and FTOPSIS.
Section 3 presents results concerning consumer preferences
for eCookers and the quantifiable effects of these determi-
nants on optimal choices. Ultimately, Section 4 summarises

key findings while addressing major policy implications;
concluding remarks are presented in Section 5.

Literature on renewable energy systems for ecooking in
Ghana

Given the current study’s focus on eCooking, it is crucial to
comprehend the clean energy scenarios and electricity produc-
tion state. Historically, electricity generation in Ghana has been
dominated by hydro and thermal sources. Nevertheless, there is
a gradual increase in renewable energy due to decreasing costs
of PV technologies and a concerted effort to diversify the mix.
According to the national energy statistics bulletin, in 2000,
hydroelectric power plants were responsible for producing
approximately 92% of the country’s electricity demand. In con-
trast, thermal plants generated only 8% (Energy Commision
2023). However, as of 2021, the generation mix has shifted
significantly with hydroelectric power accounting for roughly
35.3%, while thermal sources now produce around 64% and
renewables contributing 0.7% per the statistical bulletin. This
shift may have implications on whether cooking with renewable
energy is presently feasible given current capacity constraints.
With regard to biomass cooking initiatives, the National
Energy Policy of 2021 discloses that the government has dis-
seminated an impressive number of 800,000 improved bio-
mass cook stoves across the nation. These stoves have been
shown to reduce fuel wood consumption by up to 40% com-
pared to traditional models (Ministry of Energy 2021).
Additionally, the stoves can serve as a viable opportunity for
promoting entrepreneurship in the briquette and pellet indus-
tries while endorsing waste-to-energy initiatives like briquette
production (Ossei-Bremang, Adjei, and Kemausuor 2023).
Several private institutions and the government have
initiated numerous small-scale renewable energy projects in
Ghana. These small-scale consist of solar and wind power
generation, battery storage, secondary diesel generators, and
distribution systems with a capacity ranging from 30 kW to 55
kW (Adu-Poku et al. 2023). However, despite the presence of
such installations, there is currently a lack of solar cooking
technologies available for adoption and use by communities
powered by solar energy (PV-eCook). In contrast to the situa-
tion with biomass cookstoves, PV-eCooking projects are still
in the experimental phase within the country, an example
includes the work done by Opoku et al. (2023). It is worth
noting that in many developing countries without Feed-in-
Tarift (FIT) policies, or where strict compliance with their
implementation is lacking such as in Ghana, electricity gen-
eration from PV and PVT technologies requires either
advanced storage or on-generation utilisation through load
shifting to mitigate energy redundancies (Eze et al. 2022,
2023). Multiple studies have substantiated the viability of PV-
eCooking for countries such as Ghana, and their research
indicates that its feasibility is indeed achievable. Batchelor
et al. (2018) suggested utilising excess energy generated by
community solar PV mini-grids during peak sunlight hours,
when the battery is fully charged, for cooking purposes. The
same studies revealed an average surplus energy of 56.98-
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Figure 1. Types of Electric Cookstoves in Ghana.

119.86 kWh/day that can be harnessed for eCooking, thereby
supporting cooking loads in 26-54 households for African
countries like Ghana. Therefore, as Ghana prepares to shift
towards Tier 4 and above technologies in cooking, it is impera-
tive to augment the investment in solar-powered infrastructure
for electrification. The PV-eCook initiative holds immense
potential to bolster the solar market in Ghana, enhance the
rate of electrification, encourage clean fuel usage for cooking
purposes and mitigate climate change risks associated with
firewood consumption.

Methodology
Sampling eCook stoves in Ghana

Dominant cooking appliances in Ghana, shown in Figure 1 are
taken from MECS, 2023. Based on previous studies, the four
types of eCook stoves were evaluated for households with an
average of four individuals. These included a) induction
stoves, b) electric hot plates, c) electric pressure cookers, and
d) electric rice cookers.
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b. Electric hot plate

d. Electric rice Cooker

Data collection

To improve decision power, the eligibility criteria for the
AHP ranking process included corporate sector workers
who are likely to belong to the 2% of households in
Ghana that use electricity for cooking, as well as university
students. The process involved using around 42 input data
to determine the rankings. Diversity in the choice of the
participants was to ensure a transparent and structured
process. This multi-party decision articulation was neces-
sary for negotiating trade-offs and assessing potential con-
flicts in the criteria for selection ranging from affordability
to convenience. The monthly consumption which was used
to determine the tariff each respondent is likely to pay
using Equation 1. Shortlisted determinants of eCooking
adoption and usage for the AHP process was done based
on literature review.

Monthly consumption = Wattage x 30 minutes of cooking
x 3 meals/day x 30 days/month

1
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Integrating proposed methodology

At first, AHP was used to compute the weights of criteria for
optimal e-cook device selection. Then, the combined fuzzy
logic and TOPSIS (FTOPSIS), and DEA methods are applied
to prioritise the optimal alternatives according to the men-
tioned criteria. The different methodologies were employed to
compare the results obtained. The approach for determining
AHP, as stated by Ossei-Bremang and Kemausuor (2021), was
employed. However, in this instance, the relative importance
of the various criteria to the target was established based on
a thorough literature review on the impact each criterion has
on the ecooking appliance acquisition process. The procedures
for FTOPSIS were carried out following the descriptions in
Taylan et al. (2020). In the case of DEA, the method as
described by Emrouznejad et al. (2023) and Ossei-bremang
et al. (2023) was used in the current study. Both methods for
ranking the optimal eCooker were compared to analyse the
results obtained.

Criteria for selecting ecooking device

The AHP was used to determine the weight of the determi-
nants of ecooking adoption following the summarised steps in
Equation 2 to Equation 4:

(a) Determine the vector of priorities - Aqy. The prioriti-
sation vector is derived by averaging the product of the
decision criteria’s relative weight matrix and the mean
weight of said criteria, as per equation (2).

_ N~ ek
Amas = Y pye (2)

=1

where: (c - k)j denote the components of the matrix
vector obtained through the multiplication of matrix ‘¢’
with vector k.

(b) Calculate the coefficient of uniformity, denoted as ‘CT’,
using Equation 3 as shown below:

C[:w (3)
m—1

(c) Determine the consistency factor of the matrixes. The
consistency factor of matrixes ‘CR’ is calculated based
on equation (4), as follows:CR

cI
R=— 4
C R (4)

CR=CLifm=1or 2

if m>; When evaluating the consistency relation, it is impor-
tant to adhere to the following guideline: if CR is less than 0.10,
then the matrix can be deemed consistent and thus confirms
that the weight vector is accurately determined.

A
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Figure 2. Triangular fuzzy numbers.

Managing vagueness and uncertainties

The management of ambiguity and vagueness in data was
achieved through the implementation of fuzzy logic. The
fuzzy logic system is comprised of three integral components,
namely fuzzification, the rule base, and defuzzification.
Fuzzification serves as the inaugural component in fuzzy
logic by converting precise inputs into corresponding fuzzy
values. The imprecise values are transmitted to the rule-based
component and computed using fuzzy rules. The resulting
fuzzy values are subsequently sent to the defuzzification unit,
where they are converted into precise quantities. Typically, the
input parameters for fuzzy logic include both control errors
and their variations within a single sampling interval. Based on
these variables, a rule table is generated within the rule-base
unit of fuzzy logic.

A triangular fuzzy number (TFN) is also defined as

Q= (x1,x2,x3)where (x1,x,,x3)areall real numbers and its
membership function as shown in Equation 5.

0, x <a

N )a—x/y—a X<a<y

#alx) = v—al/v—1>b y<a<wv ®)
0, a>v

Certain operational protocols, including but not limited to
summation, multiplication, reversal, and the calculation of
distance between two TFNs as illustrated in Figure 2,
Q =(x1,%,x3)andY = (y1,y2,y3)ylxlvl are stated as
Equation 6 to Equation 9.

Qa® Y(lexz,ﬁ%) @ (1, ¥2,¥3) = (21 + Y1, % + y2,%3 + ¥3)
(6)

QRY = (x1,%2,%3) @ (y1,92,¥3) = (X190, %292, %393)  (7)

Q= (1/x1,1/x2,1/x3) (8)

2(Q,7) = \/1/3[(x1 =3 + (o + 32 + (15 +35)°] )
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Figure 3. Deviation from optimal solutions.

Decision optimisation by fuzzy-TOPSIS

The TOPSIS approach relies on the premise that the optimal
alternative should possess minimal proximity to the positive-
ideal solution while maintaining maximum distance from the
negative ideal solution. TOPSIS entails the formulation of
a similarity index with respect to the positive-ideal solution
and an assessment of remoteness from the negative-ideal solu-
tion, as illustrated in Figure 3. The optimal alternative is
deemed to be the one that is closest to achieving ideal status.
The distances involved can either be summed up in accordance
with Euclidean principles or given weightings, thereby prior-
itising one of these two factors.

The TOPSIS algorithm steps used in the study can be
classified as follows:
Step 1: Equation 10 was utilised to achieve a normalised and
comparable scale for positive and negative indicators through
a linear scale transformation.

ﬁ = (;’]) mxn

The benefit criteria were subjected to normalisation through
the application of Equation 11.

(10)

The cost parameter was normalised using Equation 12.

fy = {aj/c;}bj/c;}?cj/cﬂ,wherej =1,2,3........ nand
i=1,2,3........ m

3 )

Step 2: The weighted and normalised decision matrix was
derived through the utilisation of Equation 13. The signifi-

cance  weightage  was duly  represented  as
n

> =1thenW; =1,
J
V = [(v),,,] Was the weighted normalised decision matrix
wherei=1,2,.....,mandj=1,2,.....,n

Wi = Wy, wy,ws . Wy i and

yeneaeny
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Step 3: Equations 14 and 15 were also utilised to determine the
positive (PIS) and negative ideal solution (NIS).

A =vivy, . v j=1,23,....... n (14)

AT =v,vy,... v, j=1,23,....... m (15)

Step 4: The Euclidean distances for both (S*) and (S-) were
calculated using equations 16 to 18.

n

S;‘:Z:1,d<f/ij,vj’.‘)i:1,2,....,m (16)
7
s;:zn::Ld(vij,v;)izl,z,....,m 17)
7
d(a,-,-,ia,,-) -
\/1/3(a1ij —b1;)" + (a2 — b2;)° + (a3; — b3;)°  (18)

a= (al,j, a2,»j, a3,-j)andl~9 = (bllﬂ bZij, b3,])

Step 5: The Closeness Coefficient (CC) that indicates the
degree of similarity to an ideal solution was calculated using
Equation 19.

CC* =8 /S + 8 (19)

The different alternatives were then ranked based on the CC in
a decreasing order.

Best eCooking appliance via DEA

The efficiency of decision-making units (DMUs) is evalu-
ated in DEA through the examination of stove adoption
determinants. Efficiencies calculated through DEA are com-
parative, meaning they are measured against the top-
performing DMU (or multiple DMUs if there are more
than one best-performing). The DMU that exhibits the
highest level of performance is awarded an efficiency score
of 100%, denoting unity. In contrast, the rest of the DMUS’
performances range between 0 and 100% in relation to this
optimal performance. The performance of the four DMUs
was evaluated based on the input and output criteria out-
lined in Figure 4.

Assuming the most basic scenario, which involves a single
input and output, the efficiency of these units can be expressed
as a straightforward ratio:

output criteria
input criteria

The assessment of the comprehensive effectiveness of the
DMU (eCooker) with its corresponding inputs and outputs
was conducted simultaneously in the following manner:
Given the set of homogeneous units Ty, T, ... ... .
T defined by wu output criteria and v inpu
t criteria, the input matrix can be denoted as
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Input Variables

GHG Emissions |

»
>

— = Cooking performance

Decision Making Units

Rice Cooker | .

Comsumption/kWh | Hot plate
,I '

Affordability | Induction Stove

> | Pressure Cooker
Accessibility |
>|
Durability |
I

Output Variables

I Greenhouse gas emissions
1 a

| &

| Ergonomics

I Space Efficiency

| Cookware Compat'ibility

Cleaning and Maintenance

| »

| Ease of use
i P

Figure 4. Structure of the performance evaluation of the decision-making units (DMUs).

W= {qu,v =1,2,3,....v,s=1,2,3,... ,x} with its output
h={hgg=1203,...xj=123,...x}
Hence, the efficiency of a unit S; can be computed as

S weighted output 2 Tehgy
> weighted input ) 7;X,,

matrix as

(20)

where Zj s = 1,2,3....,q represents the weight of the s — th
input criteria and Tj, i is the weight of the i — th output criteria.
The assessment of unit Tq through a DEA model involves
maximising its overall score, while adhering to the constraint
that the scores of all decision-making units must not exceed
100%, thus serving as an efficiency measure.

Techno-economic analysis of eCooking

An assessment was conducted to compare the techno-
economic aspects of eCooking with other stove options cur-
rently available in the market, including LPG, charcoal stoves,
firewood-powered stoves, grid-connected eCook stoves and
PV-eCook. The evaluation was based on prevailing market
prices. The consumption cost per person per day was deter-
mined using household tariffs by the public utility regulatory
commission in 2022.

Results
Ecooker selection criteria

The adoption of electric cookers depends on various factors
such as cooking efficiency, energy efficiency, heating effective-
ness, safety features, and ease of use. According to the previous
research, electric cookers that offer improved cooking effi-
ciency and shorter cooking times are more likely to be
favoured by consumers. Energy efficiency is another important
factor for end-users, as it leads to cost savings and reduced
environmental impact as well as ergonomic features.
Additionally, ease of use, convenience, and user-friendly

design have been reported to contribute to the adoption of
electric cookers. Overall, these factors play a significant role in
determining the adoption of electric cookers in the market by
households. The criteria from I to xii as shown in Figure 5 was
shortlisted from literature (Amoah 2019; Astuti, Day, and
Emery 2019; Batchelor 2020b; Brown et al. 2017; Kizilcec
et al. 2022; Leary and Fodio Todd 2019; Lombardi et al.
2019; Puzzolo et al. 2019; Scott, Leach, and Clements 2023;
Y. Zhang, Xiao, and Zhou 2020; Zhao et al. 2019; Zhu et al.
2022). These criteria includes factors crucial for understanding
the overall impact and utility of these appliances.

i » Consumption/kWh
g ii » Cooking performance
-t
[=] R -
$ i » Affordability
[¥]
s » Time savings
el v
2 :
B v » Ergonomics
3
= » Space Efficiency
Q vi
=
5 » Cookware Compatibilit
| i patibiiity
i
&1 i » Cleaning and Maintenance
G
Bl ix » Durability
@
e .
51 « » Ease of use
&
% » Greenhouse gas emissions
Xii » Accessibility

Figure 5. Shortlisted criteria for the adoption of eCookers.



Firstly, the energy consumption measured in kWh is a key
indicator. eCookers vary in their energy usage based on design
and usage patterns, with higher consumption leading to
increased energy bills. The cooking performance of these appli-
ances is equally vital. It’s essential to realise that the energy
efficiency of an appliance does not always correlate with its
cooking performance. The performance depends significantly
on the specific model and its features. Affordability plays
a crucial role in the adoption of eCookers. While some con-
sumers may prioritise cost, others might be inclined towards
advanced features, like smart technology or superior cooking
performance, despite the higher initial cost. Time savings, an
important factor, is gauged by the speed at which a stove can
cook a typical Ghanaian meal. Stove design must consider the
principles of ergonomics to ensure maximum safety and com-
fort of use. Incorporating features such as cool-touch surfaces,
child locks, and appropriate height and layout can significantly
reduce the risk of burns, accidents, and injuries. Space effi-
ciency is another significant factor. Stoves designed to fit into
smaller kitchen spaces without compromising functionality
are more likely to be adopted. Cookware compatibility is also
essential. Stoves accommodating various sizes and types of
cookware are preferred, as they allow users to use their existing
pots and pans. Cleaning and maintenance aspects of stoves are
crucial. Designs that simplify cleaning and maintenance, like
easy-to-clean surfaces and accessible components, are more
appealing. Durability is observed in some energy-efficient
appliances, which may last longer due to reduced wear and
tear from lower energy consumption. Ease of use is a crucial
factor. Appliances with easy-to-use features for temperature,
timer, and cooking mode are preferred. Greenhouse gas emis-
sions are a significant environmental consideration.
Appliances with higher energy consumption contribute more
to greenhouse gas emissions, especially when the electricity is
generated from fossil fuels. Energy-efficient appliances can
help reduce the carbon footprint. Lastly, accessibility measures
how easily and quickly an end-user can purchase a preferred
stove from the market.

INTERNATIONAL JOURNAL OF SUSTAINABLE ENGINEERING . 7

Together, these factors provide a comprehensive frame-
work for evaluating eCookers, balancing performance, cost,
environmental impact, and user experience

AHP weighting

The AHP results, as shown in Figure 6, indicated that the most
important criterion was the consumption rate of the cooking
appliance. The consumption/kWh criterion was the highest
weight, indicating its significant importance in the context of
the assessment. Affordability is the second most important
criterion in this assessment. It signifies the importance of the
cost or price of the product or service, with lower ranks being
more desirable, implying that affordability is a high priority.
Cooking performance ranks third in importance. This suggests
that the quality and effectiveness of the product in terms of
cooking are significant factors in the evaluation. Time savings
are the fourth most important criterion. Ergonomics is the
fifth most important aspect, which focuses on the comfort
and usability of the product. Durability is moderately impor-
tant, ranking sixth. It indicates that the longevity and robust-
ness of the product are factors to consider but not as critical as
some other criteria. Ease of use is the seventh in terms of
importance. Cookware compatibility is the eighth most impor-
tant criterion. Cleaning and maintenance rank ninth in impor-
tance. This suggests that ease of cleaning and maintenance is
a consideration but not as critical as other factors. Space
efficiency is the tenth most important criterion. Accessibility
is the eleventh in importance. This could refer to how easily
the product can be accessed or used, with a lower rank indicat-
ing its significance.

Greenhouse gas emissions are the least important criterion
in this assessment, ranking twelfth. The rankings and weights
indicate the relative importance of each criterion in the deci-
sion-making process, helping stakeholders prioritise their con-
siderations when evaluating products or services related to
these criteria in Ghana.

Consumption/kWh
0.2
Greenhouse gas Affordability
emissions
0.15
. Cooking
Accessibility 0.1 performance
0.05
Space Efficiency 0 Time savings
Cleaning and Ereonomics
Maintenance &
Cookware -
Compatibility Durability
Ease of use

Figure 6. Weights of importance per AHP evaluation.
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Table 1. The linguistic variables rating.

a Q a c4 cs 6 7 8 (@) c10 n 12
Hot plate VG F VG G VG G VG VG VG G VG VG
Induction Stove VG MG VG VG VG G VG VG VG MG G VG
Pressure Cooker G VG G VG G G G VP VG MG VG VG
Rice Cooker VG G VG G MG G MG VP G MG G VG

Table 2. Positive triangular fuzzy triangular numbers.

Hot Plate Induction Stove Pressure Cooker Rice Cooker
A1 Az A3 A4
Fuzzy decision matrix. G 9,10,10 9,10,10 7,9,10 9,10,10
G 3,57 57,9 9,10,10 79,10
G 9,10,10 9,10,10 79,10 9,10,10
(A 79,10 9,10,10 9,10,10 79,10
G 9,10,10 9,10,10 79,10 57,9
G 79,10 79,10 79,10 79,10
G 79,10 9,10,10 7,910 579
[ 9,10,10 9,10,10 0,01 0,01
G 9,10,10 9,10,10 9,10,10 7,910
Co 79,10 9,10,10 579 579
(€% 9,10,10 79,10 9,10,10 79,10
(&P 9,10,10 9,10,10 9,10,10 9,10,10

Performance evaluation of eCookers

FTOPSIS ranking

The linguistic variables’ rating and their range of positive
triangular fuzzy number values were obtained in the matrix
in Table 1. The use of linguistic terms involved the verbal
expressions of the ratings of the determinants against the
stove types. This methodology aided in comprehending
their expression with greater clarity and precision by utilis-
ing fuzzy logic to eliminate any semblance of obscurity or
uncertainty. This methodology proves especially advanta-
geous when conducting extensive forecasting exercises, par-
ticularly in the context of end-users considering
procurement. Furthermore, it is imperative to capitalise
on emerging prospects as a means of acquiring an
enhanced comprehension regarding end-user needs and
preferences. By doing so, manufacturers may also be able
to produce customised e-cook stoves that better cater to the
specific needs and preferences of their consumers.

Table 3. The final prioritisation of the alternatives.

The positive triangular fuzzy numbers shown in Table 2
were subsequently utilised to assess and rank the alternatives.
The information pertaining to the TFNs was additionally cal-
culated to derive both the normalised decision matrix and the
weighted normalised decision matrix. The final prioritisation
of the alternatives was obtained based on the coefficient close-
ness (CC*) values illustrated in Table 3. In the implementation
of the FTOPSIS methodology, hot plate is the most prioritised
alternative following all 12 criteria for selection. The CC*
indicates that hot plate was the option closer to the ideal
solution, achieving the highest score, 0.72, followed by hot
plate, pressure cooker, and rice cooker in that order.

DEA ranking

The scores of the weights obtained from the AHP ratings of the 12
criteria used to evaluate the performance of four different e-cook
options were separated into inputs and outputs for the CCR
output-oriented model, as shown in Table 4. During the AHP

st s St+st ccx eCooker RANK

A; 0.78 1.24 2.02 0.61 Pressure Cooker 3

A, 0.98 0.79 1.77 0.45 Rice Cooker 4

Az 0.77 137 2.14 0.64 Hot plate 2

Ay 0.53 135 1.88 0.72 Induction Stove 1

Table 4. Criteria and scores based on inputs and outputs for the CCR output-oriented model.
Inputs Outputs

DMU name 1 2 3 4 5 6 7 8 9 10 1 12
Hot plate 0.12 0.11 0.1 0.07 0.08 0.07 0.09 0.09 0.09 0.05 0.06 0.07
Induction Stove 0.18 0.15 0.12 0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.03
Pressure Cooker 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.12 0.15 0.18
Rice Cooker 0.07 0.08 0.09 0.1 0.12 0.15 0.18 0.03 0.03 0.04 0.05 0.06




Table 5. Summary of overall results from DEA.
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DMU Objective Value Efficient
Hot plate 0.778 No
Induction Stove 1 Yes
Pressure Cooker 0.967 No
Rice Cooker 0.581 No
1.2
1
s
< 0.8
>
L o6
S
]
= 0.4
(@)
0.2
0

Hot plate

Induction Stove Pressure Cooker

DMU

Rice Cooker

«=@==DEA ==@=FTOPSIS

Figure 7. Comparative analysis of DEA vs FTOPSIS.

process, each respondent provided their individual opinions on
the importance of these criteria, which were then averaged to
determine their overall weight. Table 5 presents the final assess-
ment of the DEA, which shows that the hot plate, rice cooker, and
pressure cooker are identified as inefficient DMUs. The rankings
in Figure 7 indicate that both FTOPSIS and DEA methods agree
that the induction stove is the most efficient option. However,
a detailed analysis of parameters reveals that each methodology
has assigned different ratings to the DMUs based on their respec-
tive strengths and weaknesses.

Techno-economic analysis of eCooking

The economic implications of eCooking were assessed and juxta-
posed with alternative cooking techniques in Ghana over
a twenty-year period. The estimations for eCooking were derived
from end-users who use national grid for cooking. The current

Eenewahles
|

Hydro
= Thermal
® Eenewables

Figure 8. Electricity generation share in Ghana.

landscape of diverse power generation sources for the national
grid can be seen in Figure 8. Additionally, Table 6 presents an
economic analysis of several cooking technologies that are ana-
lysed by their respective estimated costs per household on a daily
basis using cost estimations in PURC, 2022. However, the data on
PV-eCook in the table was obtained from the results of an
experimental study by (Opoku et al. 2023).

According to Table 7, the rice cooker is the most cost-
effective option for daily fuel cost making it a prudent selection
for users who prioritise their daily expenditure. Subsequently,
the pressure cooker follows suit with a moderately low fuel cost.
The hot Plate has a slightly higher daily fuel cost while the
induction stove exhibits the highest among all available options.

Discussions
Determinants of eCooker choice

The results show a hierarchy of determinants that guide end-
users in their selection of an e-cook stove, with the most crucial
parameter being the primary consideration. As stated in section

Table 6. Cost of various cooking technologies in Ghana verse eCooking.

Average Operations
cost of and
Cook  Cost of fuel Maintenance
stove (SUSD/ cost (SUSD/
S/N Technology Fuel Used (SUSD)  person/day) year)
1. LPG LPG 33.46 0.14-0.39 10-19
2. Improved cook Charcoal 15 0.04-0.38 7-12
stove
(Gyapa)
3. Three stone Firewood Free 0.27 0
4. Grid-connected  Grid electricity ~ 37.36 0.16 22-30
eCooker
5. PV-eCooker Solar 198 Free solar 16-20
(Opoku  radiation
et al.
2023)
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Table 7. Economic analysis of the eCook stoves understudy.

Average cost Average operations

eCook of Cook stove Cost of fuel and maintenance
S/N stove (SUSD) (SUSD/person/day) cost (SUSD/year)
1. Induction 28.11-76.48 0.16 22-30
stove
2. Hot plate 19.68-31.01 0.14 13-18.5
3 Pressure 45.48-59.53 0.1 22-33
cooker
4, Rice Cooker 17.78-26.87 0.06 11.4-19

3.1, the consumption rate of the stove was deemed to be the
most important factor for the end-users in reaching a conclusive
decision on an eCooker. According to the product specifications
of available models in the market, the consumption rates range
from 1.25 kWh to 1.50 kWh for hot plates, 1.9 kWh to 2.85 kWh
for induction plates, 0.7 kWh to 1.25 kWh for pressure cookers,
and 0.60 kWh to 0.95 kWh for rice cookers. The induction
cooking plate exhibited the highest level of consumption.
However, future studies may show potential deviations in con-
sumption rates when a stove is exposed to real-life cooking
scenarios, such as preparing multiple dishes for dinner or cook-
ing a meal for long hours. Based on the findings, it can be
inferred that households with frequent or diverse cooking habits
and longer cooking durations may incur greater electricity
expenses than those with contrasting cooking practices. The
correlation between the consumption rate and energy cost can
be supported by Zhang et al. (2020). The previous work
reported the higher the consumption rate of household, the
higher the energy cost.In addition to the prospective exorbitant
expenses incurred by household electricity bills when utilising
an induction plate, it also requires the highest initial investment
among available options in the market. The cost of a single-
burner induction stove varies from GHC 340 to GHC 925, while
an electric pressure cooker falls within the range of GHC 550 to
GHC 720 making these two the most expensive ones on the
market. Hot plates was the least expensive choice, ranging any-
where from GHC 215 and GHC 325 followed by rice cookers
which ranged between GHC 238 to 375.

Therefore, in cases where financial constraints are a limiting
factor for end users, it may be necessary to make a trade-off
between the potential benefits of all available eCook options
and opt for the most cost-effective alternative, particularly
among the population of tertiary students.

In terms of cooking proficiency, the induction stove
exhibited the most superior performance, followed by the
pressure cooker. Conversely, the hot plate and rice cooker
displayed comparatively poor results, thereby making the
induction stove the most optimal choice. In terms of its
durability, ease of use, compatibility with cookware, acces-
sibility, and ease of cleaning and maintenance, the hot plate
received a score of 1 out of 5 in this study. A score of 1
indicates excellent performance while a score of 2 means
very good performance. A score of 3 represents good per-
formance, a score of 4 suggests poor performance and
a score of 5 denotes very poor performance. The induction
plate, received a rating of 1 in the areas of ergonomics,
cookware compatibility, ease of cleaning and maintenance,
as well as time savings, durability and ease of use.
However, it garnered a score of 5 for its accessibility,

hence suppliers which intensify the effort of making it
accessible for all due to it efficiency and versatility.

Talking of the pressure cooker, a rating of 1 was scored
for time savings, making it perfect for those who are always
on the go and in need of quick meal solutions. The pres-
sure cooker also scored 2 in ergonomics, making it com-
fortable to hold and handle even during extended use. It
durability was another strong point with a rating of 1. End-
users reported that their appliances had lasted for almost 4
years. In terms of ease of use, the pressure cooker earned
a score of 3, allowing even novice cooks to whip up
delicious meals with minimal effort. It’s also highly not
compatible with other cookware, earning a rating of 5 in
this category. Cleaning and maintenance was rated 3, same
as accessibility. It can therefore be said that the pressure
cooker may be an excellent investment for any home look-
ing to save time and effort in the kitchen while still produ-
cing high-quality meals.

The time-saving feature of the rice cooker was rated
with a score of 4, which is poorer when compared with
the other options under study. Additionally, the ergo-
nomics, durability, and ease of use were all rated at 3.
This means that the device is user-friendly and can with-
stand wear and tear for extended periods. Cookware com-
patibility also scored a 5, meaning that it is not
compatible with other cookware types commonly used in
households. Furthermore, the rice cooker’s ease of clean-
ing and maintenance also received a score of 2.
Accessibility also only received a score of 1. This suggests
that individuals are able to buy from local market due to
its overabundance nature.

Optimal eCooker

Upon conducting FTOPSIS and DEA analyses, the induc-
tion stove proved to be the optimal choice. The results
show that utilising an induction stove brings about multi-
ple benefits. One of the most notable advantages is that it
leads to faster cooking times, which ultimately translates
into saved time and energy during meal preparation. This
could be due to the fact that induction stoves have more
precise temperature control and offer quick and fine tem-
perature adjustment. Therefore, one can achieve the desired
level of heat more efficiently and accurately, leading to
quicker results. Overall, the use of an induction stove
proves to be a practical and efficient choice. For compat-
ibility with various types of cookware, the induction stove
and the hot plate performed better than the pressure coo-
ker and the rice cooker. The rice cooker and pressure
cooker, are restricted by specialised cookware, this makes
cooking traditional Ghanaian meals with varying portions
and techniques somehow a cumbersome task when these
two are used.

Based on the DEA analysis, it was evident that the pres-
sure cooker, hot plate, and rice cooker did not meet efficiency
standards since their respective objective functions were all
less than 1. The most favourable option was the pressure
cooker, followed by the hot plate and then the rice cooker.



However, according to FTOPSIS analysis, the second-best
choice was actually the hot plate, with the pressure cooker
coming in third and the rice cooker being deemed as least
optimal.

Techno-economic benefits of eCooking

In general, the three stone technique is inexpensive but
falls short in terms of sustainability and eco-friendliness.
The cost of a grid-connected eCooker is moderate, and
contingent upon the availability of grid -electricity.
However, while PV-eCookers may be costly to purchase
initially, it has lower operational expenses due to their
utilisation of free solar radiation. It has been found that
the PV-eCooker is currently more than five times expensive
in comparison to the grid-connected ecooker, despite hav-
ing zero fuel costs and slightly lower operation and main-
tenance expenses. On the other hand, the conventional
fuel-based stoves that use firewood are the cheapest
among all cooking methods in Ghana. Nonetheless, they
pose serious health hazards to the users and pollute the
environment, which makes them an unacceptable option.
LPG and improved cook stove, on the other hand, entail
moderately higher costs but offer better environmental
benefits when compared to three stone stoves.

In the end, the selection of the most financially efficient
eCook stove hinges on the preferences of the user. If their
main objective is to reduce daily fuel expenses, then opting for
a rice cooker would be deemed as an economical alternative.
However, if users are taking into account both daily fuel costs
and yearly O&M expenses, they may find themselves drawn
towards selecting either a rice cooker or a Hot Plate due to
their appealing cost-effectiveness. The Induction Stove and
Pressure Cooker, albeit boasting distinct functionalities, entail
greater expenses which may render them more fitting for con-
sumers who prioritise said features over economical advantages.

Policy information role of the government

The Ghanaian government bears a substantial obligation in the
advancement of eCooking, particularly with regard to meeting
worldwide objectives for clean cooking by 2030. To achieve
this, several measures can be implemented by the governments
and policy makers to encourage households to adopt eCooking
appliances through the following ways:

(a) Offering incentives like tax credits and subsidies could
lower the cost of eCooking appliances for households
while also encouraging sustainable value for suppliers.

(b) Enhance the accessibility of eCooking in remote areas
through off-grid solar power systems. Currently,
photovoltaic ~ technologies  are  experiencing
a significant decrease in cost and can serve as a dual
strategy to enhance the rates of rural electrification and
augment the share of renewable energy within the
generation mix.

(c) Enhance the research and development of PV-eCook
stoves to expedite their adoption and utilisation.
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(d) Promote demand and supply channels by raising
awareness through various channels, including educa-
tion programmes and public campaigns, individuals
can make informed decisions about their cooking
practices.

Conclusion

Acknowledging and managing trade-offs and contradictions
is a crucial aspect of decision-making, particularly in
a diverse environment where consumers may have different
preferences and priorities related to electronic cooking. The
study recognises the importance of this process in effectively
addressing the complex challenges associated with eCooking.
The eCooking devices used for the evaluation were the
induction stove, hot plate, pressure cooker, and rice cooker.
The selection of eCookers is influenced by various factors,
and the hierarchy of determinants has shed light on the
importance of consumption rate, affordability, and cooking
performance. These three factors top the list of the determi-
nants and it plays a critical role in determining which elec-
tric cooker to purchase. After conducting a thorough
analysis, it was concluded that the induction stove proved
to be the most favourable option. This decision was based on
a combination of Fuzzy-TOPSIS and DEA evaluations,
which provided valuable insights into the stove’s overall
performance and efficiency. After evaluating all factors, it
can be confidently stated that the induction stove is the
optimal choice in terms of functionality and cost-
effectiveness. Despite its potential for high electricity con-
sumption as discovered in the techno-economic analysis, the
induction stove’s efficiency, performance, and other attri-
butes render it a favoured choice. The Ghanaian government
will play an instrumental role in advancing the adoption of
electric cooking, through the provision of incentives, invest-
ment in infrastructural projects, implementation of regula-
tions, support for manufacturers and facilitation of
educational programmes. As such, this study suggests that
future research ought to account for the kitchen practice
experiment via this stove in order to compare the outcomes
derived from this evaluative model, especially for the
Ghanaian scenario. Also, further studies should consider
a life cycle assessment on the power generation sources
used by households to validate the sustainability of
eCookers and perform a detailed analysis of their levelized
cost of heat (LCOE).
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