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Abstract

For a long time now, humanity has been facing the phenomenon known as
“climate change”, a major challenge of which we must be aware of what we are
doing so as not to affect ourselves or future generations. It is evident that, if
what is sought is a sustainable energy future, the current energy model imple-
mented in certain countries and regions of the world is not the most adequate
and makes the achievement of this goal unfeasible. This situation threatens to
greatly alter our ecosystems and our social structures, and one of the key ac-
tions to mitigate it is, undeniably, the generalization of the use of renewable
energy sources; and specifically, the non-conventional sources, referring to
solar and wind, technologies that comply with the principle of energy comple-
mentarity; however, there are other possible solutions such as the deployment
of programs that consider efficient cooking technologies; involving with it is
everything related to energy security and equity, as well as environmental pro-
tection. In this article, as a technology to be considered to reduce and mitigate
the Greenhouse Gases (GHG) emissions, an analysis of the efficiency assess-
ment of electric induction cooktops and the determination of their potential
energy savings are carried out. The impact of these results is taken into consider-
ation and a series of conclusions and recommendations for improvement are
issued.
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1. Introduction

“The development of cleaner and more efficient energy technologies and the use
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of renewable energy sources will play an important role in the sustainable de-
velopment of a future energy strategy. The promotion of renewable energy sources
and the development of cleaner and more efficient energy systems are of high
priority for security and diversification of energy supply, protection of the envi-
ronment and social and economic cohesion” [1].

The world as we know it, and since its beginnings, has faced—in short—4 wa-
ves, as shown in Figure 1, the first, known as Social Unevenness, which occurred
at the local, regional and even global levels; the second one, as a consequence of
the industrial revolution, called the Climate Change Momentum; the third one,
and as in any system with crests, there are also the so-called valleys in this case,
called the Economic Recession; and finally, the last wave, by which we have been
impacted worldwide and simultaneously, is known as the COVID-19 pandemic.
The recovery from the consequences of this last wave will not be easy; however,
transformation is still possible, bearing in mind that there is an inseparable rela-
tionship between development, climate and energy, remembering that without
energy we could not have the technology.

In order to curb the COVID-19 contagion, countries worldwide implemented
confinement measures, this led to the interruption of economic activities, simul-
taneously causing a significant temporary reduction in CO, emissions, which was
expected to be close to the reduction that the world would have to make each year
to achieve the temperature increase target of the Paris Agreement. This situation
has served to make us realize that meeting the goal of avoiding a global average
temperature increase above 1.5°C would imply important changes for society,
and establish what is known as an era change.

Excessive emissions of CO,, which is a colorless, odorless gas composed of
oxygen and carbon, are one of the main causes of global warming, a problem
caused by human activity and aggravated by the long persistence of this gas in
the atmosphere. The burning of fossil fuels for energy production, transportation
and industry has been increasing to such an extent that the concentration of car-
bon dioxide in the atmosphere, measured at NOAA’s Mauna Loa Atmospheric
Baseline Observatory, reached a monthly average of 419.13 parts per million (ppm)
in May 2021, the highest level since accurate measurements began 63 years ago

[3].

SOCIETAL
UNEVENNESS

CLIMATE CHANGE

MOMENTUM ECONOMIC

RECESSION

Figure 1. The waves through which humanity has faced. Source: World Energy Council
(2].
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The daily record of the referred concentration is maintained by the Scripps

Institution of Oceanography of the University of California at San Diego and rep-

resented in the Keeling curve [4], as shown in Figure 2, which allows visualizing

the existence of a clear correlation between the increase in atmospheric CO, con-

centrations and the industrialization process.

Due to the COVID-19 pandemic, global CO, emissions declined by approxi-

mately 5.4% in 2020; this event is considered the largest decline in history and is

4.5 times larger than that caused by the global financial crisis in 2009, as shown

in Figure 3. Carbon dioxide emissions declined more than energy demand in 2020

because the pandemic affected oil and coal demand more than other energy sources,

while renewable energy increased.

Atmospheric CO, at Mauna Loa Observatory
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Figure 2. Evolution of carbon dioxide (CO,) concentration levels in the atmosphere. Source:
NOAA and Scripps Institution of Oceanography [3] [4] [5].
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Figure 3. Global annual carbon dioxide (CO,) emissions. Source: Global Carbon Project [6].
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Changes in fossil CO, emissions

In 2021, the leading emitters of carbon dioxide were China, the United States,
the EU 27, India, Russia and Japan. Together they account for just over two-thirds
of total global CO, emissions; where the Global Carbon Budget 2021, prepared
by Carbon Brief, reveals that, in 2021, both China and India exceeded their 2019
emissions peaks. For their part, Chinese emissions grew by 5.5% between 2019
and 2021, while Indian emissions grew by 4.4%, as shown in Figure 4 and Table
1, and it can be concluded that global CO, emissions have remained stable—if
not declined slightly—over the past 10 years. In terms of percentage increase in
carbon dioxide emissions, 2021 has been led by India, since, according to the Global
Carbon Project, the growth of its emissions is 12.6%, which is 2.7 Gt of CO,. For
its part, China, the world’s largest emitter, released into the atmosphere, about
11 Gt of CO,, 4% more than in 2020.

Table 1. Summary of fossil CO, emissions in 2020 and 2021. Source: Global Carbon Pro-
ject 2021 [7].

2020 2020 2021 projected 2021 projected
Region/Country emissions growth  emissions growth  emissions
(Gt CO,/yr.) (percent) (percent) (Gt CO,/yr.)

China 10.7 1.4% 4.0% 11.1

USA 4.7 -10.6% 7.6% 5.1

EU 27 2.6 -10.9% 7.6% 2.8

India 2.4 -7.3% 12.6% 2.7

All others (incl. IAS?) 14.4 -7.0% 2.9% 14.8
World (incl. IAS?) 34.8 -5.4% 4.9% 36.4

*IAS: Emissions from use of international aviation and maritime shipping bunker fuels.

[ Change from 2019 to 2020 Change from 2020 to 2021 o Change from 2019 to 2021
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Figure 4. Changes in global emissions from 2019 to 2020 and 2019 to 2021. Source: Carbon Brief.
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In 2010, 57% of the world’s population used clean fuels and technologies for
cooking, rising to 66% in 2019. The lethal combination of pandemic and con-
finement may result in slowing global progress, especially in resource-limited
countries and regions. Thus, if no action is taken, one-third of the world’s popu-
lation will still be without clean cooking fuels and technologies by 2030, leading
to significant adverse health effects and environmental degradation. The main
goal of this study is to analyze the assessment of the efficiency of induction cook-
stoves and the determination of their energy-saving potential, as well as their in-
fluence on the energy trilemma [8]. The purpose is to encourage the energy con-
trol and regulation entities of the countries or regions that are interested in
this proposal, to make the corresponding decisions for the implementation and
deployment of an efficient cooking program as a support to energy sustaina-
bility.

2. Sustainable Development

“Sustainable Development (SD) responds to the needs of the present moment with-
out jeopardizing or compromising the ability of future generations to meet their
own needs” [1] [9]. From the energy point of view, sustainable development is on-
ly possible if the energy system is also sustainable, and the latter must be based on
renewable energies and policies that promote energy efficiency and savings. As
shown in Figure 5, there are three independent and mutually reinforcing compo-

nents of the SD: economic development (Economy), social development (Society)

and environmental protection (Biosphere).

=
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Figure 5. The Stockholm Resilience Centre’s SDGs “wedding cake”. Credit: Azote for Stockholm
Resilience Centre, Stockholm University (CC BY 4.0) [10].
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If what is required is to understand the meaning of Sustainability and its im-
portance, the best way is through 17 Sustainable Development Goals (SDGs) that
are part of the 2030 Agenda, developed at the 2015 Sustainable Development Sum-
mit. The SDGs aim to expand the Millennium Development Goals (MDGs) and
achieve those goals that were not met. The central idea is that all countries, regar-
dless of their level of development or wealth, commit to promoting prosperity and
protecting the environment. The Sustainable Development Goals are not manda-
tory, but each country assumes the responsibility to work towards their fulfill-
ment.

Undoubtedly, the key challenges of the 21st century are monitoring and miti-
gating climate change and adapting to it. At the heart of this struggle, both from
a social and industrial point of view, is energy as a protagonist, as a central ele-
ment of progress, development and growth of our societies and our economy.
However, this same element, which is fundamental for development, is also the
main cause of emissions and, therefore, of climate change. While access to ener-
gy is relevant, it is central to poverty eradication, reduction of infant mortality,
improvement of health, education, and promotion of gender equity among oth-
ers; it is therefore clear that without universal access to modern energy services,
the SDGs cannot be achieved. Figure 6 shows the set of necessary actions, pro-
posed by the International Atomic Energy Agency (IAEA), to facing climate change,
identified as one of the greatest environmental challenges affecting the planet

Adapt to the negative effects of

climate change, such as:

« freshwater scarcity and
food shortages;

« ecosystem/marine losses;

« weather risks to energy
infrastructures.

Mitigate sources of greenhouse
gas emissions from:

« high carbon energy sources;

« unsustainable land use;

- degraded natural carbon sinks.

MONITORING

Monitor emissions and environmental
changes, such as:

« sources of greenhouse gas emissions;
« ocean acidification;
« threats to ecosystems.

Figure 6. Triangle with roadmap and actions to be taken in order to combat climate change. Source:
International Atomic Energy Agency—IAEA [11].
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and humanity. In short, these key challenges correspond to the fundamental prin-

ciple of resilience.

3. Energy Trilemma

Energy efficiency, renewable energies and energy savings are not isolated activi-
ties, as they were seen some years ago; nowadays these three concepts are inte-
grated and enhanced through new trends such as electromobility, district heat-
ing, efficient cooking, distributed generation, storing or cogeneration and sustaina-
ble construction, to mention just a few. It is this comprehensive vision that we re-
fer to when we talk about energy sustainability. Figure 7 summarizes this sche-
matically.

The World Energy Council (WEC) has been working on what it denominates
as Energy Sustainability, which it defines as the balance that exists between three
dimensions, referring to: energy security, energy equity (taken as access to ener-
gy and its affordability; Ze., that energy is cheap) and mitigation of the environ-
mental impact in energy production; Ze., environmental sustainability. This is
what defines the energy trilemma, a choice between three options, which are (or
appear to be) contradictory to each other. Thus, in order to build a strong basis for
prosperity and competitiveness, individual countries must balance these three di-

mensions, as shown as Figure 8.

4. The Electric Induction Cooktop

To understand how an electric induction cooktop works [12], it is necessary to
briefly recall the phenomenon of magnetic induction. The experiments of the
English physicist and chemist Michael Faraday (1791-1867) in England in 1831
and those carried out independently by Joseph Henry in the United States in the
same year, showed that it is possible to induce an electromotive force (emf-induced
voltage) in a circuit, using a variable magnetic field. The results of this experi-
mental evidence served as the basis for the enunciation of a basic and very im-

portant law of electro-magnetism known as Faraday’s Law of Induction [13].

Energy Efficiency

Renewable Energies

Trends
Electromobility
District heating

Efficient cooking
i Distributed generation
Energy Saving Storing or cogeneration
Sustainable construction

Figure 7. Energy sustainability composition scheme.
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ENERGY
SECURITY

MEASURES:

Ability to meet current
and future energy demand

Withstand and respond
to system shocks

COVERS:

ENERGY
EQUITY

MEASURES:

Ability to provide universal
access to reliable,
affordable, and abundant
energy for domestic

and commercial use

COVERS:

ENVIRONMENTAL
SUSTAINABILITY

MEASURES:

Ability to mitigate

and avoid
environmental
degradation and
climate change impacts

COVERS:

Effectiveness of management
of domestic/external
energy sources

Reliability and resilience
of energy infrastructure

Basic access to electricity
and clean cooking fuels
and technologies

Access to prosperity-enabling

levels of energy and affordability

Productivity and efficiency of
generation,
transmission

Distribution, decarbonisation,
and air quality

Figure 8. Trilemma index dimensions. Source: World Energy Council (WEC) [8].

Consequently, if an electric current of varying frequency generates a magnetic
field, this varying magnetic field induces an electric current in a closed circuit;
the latter, in turn, is related to a non-conservative electric field. The induction stove
is a type of vitro-ceramic stove; and in essence, under the cooking zone—the main
element—there is a flat copper coil with a spiral shape (Figure 9), through which
an electric current of variable frequency (20 - 100 kHz) is passed, which generates
alternating magnetic fluxes. This current, therefore, produces a magnetic flux den-
sity with the same frequency with which the current in the coil varies, whose vec-

tor relation is indicated in expression (1) [14] [15].

N | (ai 2
a(p)-3— !, W
I:12N2 h2+(alj
N

where:

ais the radius of the flat, spiral-shaped copper coil;

A is the height above the coil at which the magnetic flux density is being de-
termined;

Nis the number of turns of the coil, assuming that they are uniformly distrib-
uted and that each turn is a perfect circular spiral;

1is the perfect circular loop element.

Note: a small computer program may be used if the number of turns N is
large.

This magnetic field does not cause any interaction if no electrical conductor is
present. The containers (pots, pans, frying pans, casseroles, bowls, etc.) used in in-
duction hobs must be made of metallic materials that have the following proper-
ties: 1) excellent electrical conductivity, ensuring that the electrical resistance of
the container is very small, which allows the internal circulation of the so-called
induced currents; and 2) ferromagnetic, in order to take advantage of magnetic hys-
teresis, which is the property of these materials to present opposition to the change

in magnetic flux density.
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Figure 9. View of an induction stove under vitro-ceramic.

The aforementioned magnetic field passes unobstructed through the ceramic
cover (dielectric material) of the cooktop (Figure 10); and penetrates the bowl
(pan, pot, frying pan, casserole, etc.) that sits in the cooking zone, creating a cir-
cular current in the electrically conductive base of the pan (eddy currents). Due
to the presence of these induced currents; and because of the frequency being
used, energy is dissipated in the form of heat by the Joule effect, in a high and
fast way. In this way, by the principle of magnetic induction, energy is dissipated
in the form of heat by the Joule effect. The alternating field is forced to enter the
outer layer of the base of the bowl, and since the base of the bowl is made of a
conductive material of excellent electrical conductivity, the AC resistance of the
material increases as the operating frequency increases, producing an intense heat,
making also present the skin effect, by which the intensity of the field can hardly
propagate in this type of material and its intensity decreases rapidly.

Likewise, said alternating magnetic field, inside the base of the bowl, also re-
peatedly magnetizes and demagnetizes the referred material, causing the iron mole-
cules to vibrate between 20,000 to 50,000 times per second, and the friction be-
tween them produces additional heat (loss by hysteresis). The superposition of
the heat released by the Joule effect, the heat released by the skin effect and the

heat due to hysteresis losses are used to cook food.

5. Liquefied Petroleum Gas (LPG) as Fuel

Liquefied Petroleum Gas (LPG) is obtained during the refining of crude oil, as
one of many by-products. It can also be obtained from the refining of natural gas
(in this case another product with different characteristics). It is a mixture of
propane C;H; and butane C,H,,—light hydrocarbons, which are organic com-
pounds consisting only of carbon and hydrogen—usually in a 70% - 30% or 60%
- 40% ratio, depending on the target product, whose combustion ratio is indi-
cated in expression (2). LPG evaporates at normal temperatures and pressure,
which is why it is distributed or supplied in the classic pressurized balloons or
cylinders in a liquid state, hence its liquefiable identity. It is a petroleum deriva-
tive with a high calorific value and a higher density than air, used in cooking

food, in home heating, as fuel for vehicles and refrigerant, as fuel in furnaces,
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CERAMIC GLASS

4) Induced currents circulate

BOWL through the base of the bowl.

3) The electric current
produces a variable
magnetic field.

"‘ o" "“ P \"‘ “ il
e ‘o.,.,'."nf'.:.‘l“‘" "J,:'.'..‘:-"_““ 2) An electric current of
MAGNETIC FIELD g BN variable frequency is
INDUCTION COIL 1) The countertop fire is circulated through the coil.

composed of a copper coil in
the form of a spiral.

Figure 10. Electric induction cooktop operation.

dryers and boilers in different types of industries, in internal combustion engines

and in gas turbines for electric power generation, among others.

2C,H, +2C,H,, + 230, —14C0O, +18H,0 )

The calorific value or heat of combustion is the amount of energy (or heat) re-
leased by a given quantity (kilograms, pounds, cubic meters) of substance (fuel)
during its complete combustion (oxidation reaction). In other words, the calo-
rific value is the capacity of a fuel to give off heat when it is burning. Hence, as-
suming a calorific value of 11,500 kcal/kg for a domestic LPG cylinder (15 kg), the
amount of energy (or heat) capable of being released is as shown in Figure 11.

6. Cooking Efficiencies

Taking into consideration the heat transferred to the pan or bowl that remains
on the glass ceramic surface, in studies carried out by the United States Depart-
ment of Energy (DOE), it was determined that the efficiency for different types
of cooktops is as shown in Table 2.

In this regard, it is worth noting that the efficiency depends on the size of the
pan used compared to the size of the flame/heating surface. Therefore, the effi-
ciency values above are based on an ideal configuration.

Considering the cooking efficiency for each of the sources, it is perfectly possible
to decide, by performing a cost analysis, very simple and perfectly comparable,
which of them is economically more convenient to the interests of each user. For this
purpose, let us suppose that we want to boil 10 liters of water (equivalent to 10 kg
of water) that are at room temperature (25°C). Thus, the amount of heat and energy

required for this purpose is that indicated in (3) and (4) respectively.

kcal .
Q =My 00 oAT = Q= 10[kg]><1{kg—cc}x 75[°C]

Q =750[keal] (3)
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Figure 11. LPG calorific-energy-electricity equivalent.

Table 2. Cooking efficiency for different classes of cooktops [16].

Product Class

LPG Electric coil Electric smooth Electric induction

cooktop cooktop cooktop cooktop
Cooking efficiency ~ 39.9% 73.7% 74.2% 84.0%
4.1868[kJ] 4.1868[kJ]
E = Q[keal|x————+ = E =750 keal | x —————
1[keal] 1[keal]
E= 3140.1[kJ] (4)

From the results obtained in Table 3, it can be clearly seen that it is slightly chea-
per to consume 1 kWh of energy through an induction cooktop (12.46 ¢USD) than
through a conventional electric cooktop; electric smooth cooktop (14.11 ¢USD), ele-
ctric coil cooktop (14.20 ¢USD) and through an LPG cooktop (26.16 ¢USD).

7. The Promising of the Electric Induction Cooktop

In the most elementary way possible, the term “Induction” is linked or related
to the term “Reduction”, because with the use of this type of cooktops (Figure
12):

1) The heat of the cooking environment is reduced (making it cooler);

2) Cooking times are reduced (linked to effectiveness); and,

3) Energy consumption is reduced (linked to energy efficiency), thereby hope-
fully reducing the energy bill.

Because of the nature of the science behind the heating method, induction
cooking or heating technology offers significant advantages and slight disadvantages
over traditional technologies, which are summarized in Table 4 and detailed be-
low.

PROS

Higher energy efficiency: all energy is utilized, since only the energy needed to
heat the vessel is emitted, not the glass or those areas not covered by the vessel.
This higher energy efficiency is present in the reduction of heat transfer losses by
radiation to the environment.

Quicker heating: heating is faster and the heat is distributed more evenly.
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Table 3. Cost comparison chart for boiling 10 liters of water.

Unit

Energy per unit

Energy per unit factoring efficiency

Units for boiling 10 liters of water

Cost per unit

Cost of boiling 10 liters of water

Product class

Electri th Electric inducti
LPG cooktop Electric coil cooktop ectric smoo ectric mduction
cooktop cooktop

D ti

omeste 1 kWh 1 kWh 1 kWh
LPG cylinder (15 kg)

722,223 k] 3600 kJ 3600 kJ 3600 kJ
288,166.98 kJ 2653.20 k] 267120 kJ 3024.00 kJ
.0109 d i

0.0109 domestic 1.1835 kWh 1.1755 kWh 1.0384 kWh
LPG cilinder

$24 USD* 12 ¢USD/kWh 12 ¢USD/kWh 12 ¢USD/kWh

26.16¢USD 14.20 ¢USD 14.11 ¢USD 12.46 ¢USD

*For the analysis it has been considered the price of a domestic LPG cylinder of 15 kg at $24.00 USD.

Table 4. Summary of the main pros and cons of electric induction cooktops.

PROS CONS
Higher energy efficiency Exclusive cookware
Quicker heating Acquisition costs
Easier cleaning Electric supply
Automatic detection of the vessel Emissions of EM radiation
Less environmental pollution Steep learning curve

Induction — Reduction

Q LESS i
ENERGY

Figure 12. Meaning of electric induction cooking technology.

Easier cleaning: the lower cooking surface temperature prevents the combus-
tion of food residues, resulting in easier cleaning.

Automatic detection of the vessel: the electronic system of induction cooktops
incorporates the functionality to program the time you want to have it on or au-
tomatically detect the existence or not of a container on the cooking surface, and
depending on this, turn on or off, avoiding unnecessary energy consumption; and
even adapting to the size of the same, as it incorporates modern signal processing
techniques to achieve efficient control of power.

Less environmental pollution: by not using fossil fuels for heating, there is no
severe impact on the environment.

CONS

Exclusive cookware: can only be used with ferro-magnetic steel or iron uten-
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sils. Consequently, the kitchen utensils have to be adjusted to this reality. These
utensils must also have a flat surface as a base.

Acquisition costs: electric induction cooktops are more expensive than any oth-
er regular cooktop.

Electricity supply: the failure or inadequate supply of electricity can cause the
cooking process to stop.

Emissions of electromagnetic radiation: due to operating with EM fields of vari-
able frequency, which correspond to the non-ionizing region of the EM Spectrum;
however, the heating effect produced by induced currents is very low.

Steep learning curve: when changing to an electric induction cooktop, the user

will need to quickly change some of his or her cooking habits.

8. Technology Substitution Program (TSP)

From the results obtained and the comparisons made between the different types
of cooktops, it is evident to conclude that it is convenient to replace these other
technologies with electric induction cooktops; for this purpose, a serious Tech-
nological Substitution Program should be developed, whose deployment and im-
plementation should be executed as soon as the feasibility of electric generation
exists. For the TSP to be successful, it must comply with the characteristics detailed
below and shown in Figure 13.

Specific: The clearer and more detailed the objective is, the easier it will be to
establish actions to achieve it, clearly defining to what and with which sectors the
implementation of the PST will start.

Measurable: An objective must be measurable through indicators that will al-
low us to know the level of compliance. Peter Drucker said: “what cannot be meas-
ured cannot be controlled, what cannot be controlled cannot be managed and what
cannot be managed cannot be improved.”

Attainable: Objectives must be reasonable; the target universe and its limits
must be defined in a responsible manner.

Relevant: In addition to being attainable, objectives must be relevant, Ze., they
must be important for development. A relevant objective will be aligned to the gen-
eral objectives. For example: economic savings for a given country and for consum-
ers, incentive for producing companies, generation of jobs, and reduction of green-

house gas emissions among others.

® | hili |
Specific Measurable Attainable

Figure 13. SMART characteristics of the technology substitution program.
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Time based: This is precisely why SMART objectives emphasize the importance
of delimiting the achievement of objectives within a specific timeframe. A valid
objective must be delimited in a time frame in which it has to be achieved because
it helps us to have a limit on the horizon and not to procrastinate. It must be duly

accompanied by a strict execution schedule.

Motivations for TSP’s Implementation

Hand in hand and correlated with the implementation of this technological pro-
gram, is undoubtedly the technical, economic and financial impact on the elec-
tric power distribution companies in the country that decide to continue with
the deployment of electric induction technologies in cooking, because the opera-
tion of the same, will generate a severe increase in the demand for power and en-
ergy; Therefore, corrective measures must be foreseen in a planned manner in the
electrical distribution and transmission networks, corrective measures that im-
ply improvements and repowering of the conductors of the different circuits, di-
vision and increase of those, improvement of the electrical service connections;
without leaving aside, of course, the compensation of the reactive energy that these
induction plates will demand; which will be necessary, if its compensation is not
considered at the moment of its manufacture or assembly. The main motivations
for the implementation of the TSP are detailed below.

Obtaining energy savings: Through efficient cooking and the use of appro-
priate appliances, there would be a reduction in radiant heat and direct and in-
direct economic savings.

Contributing to energy security: Through improvements to the national elec-
tricity system, there would be an increase in the reliability of energy infrastruc-
tures, increasing the capacity to meet current and future demand.

Contributing to energy equity: Through energy security and the deployment
of electric grids, energy supply would be accessible and affordable for the entire
population.

Contributing to the mitigation of environmental impact: Through the tech-
nological replacement of cooktops, linked to energy efficiency and savings, there
would be a reduction of pollutants and GHG emissions, improvement in social
and environmental conscience, reduction of deforestation and its global conse-
quences, as well as a suitable environment for the development of sustainable energy

systems.

9. Energy Use and Payback Period

In order to be able to adequately prepare Table 5, and thus determine the pay-
back period corresponding to the substitution of the cooking technology; but,
related only to the additional value that would have to be paid for it versus the
economic savings in energy costs, it is necessary to consider that, based on Tech-
nology Brief R06 [17], prepared jointly by the International Energy Agency (IEA) &
Energy Technology System Analysis Programme (ETSAP), the Annual Energy
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Table 5. Annual energy consumption and payback period of cooktop technologies.

Cooking efficiency

Annual energy consumption (AEC)

Cooking energy

Energy annual cost

Energy savings by technology substitution
Cost of energy savings by technology substitution $16.75 USD/yr  $6.00 USD/yr
Payback period by technology substitution 23.88 yr*

Product class

LPG Electric Electric smooth  Electric induction
cooktop coil cooktop cooktop cooktop
39.9% 73.7% 74.7% 84.0%

330 kWh/yr 240 kWh/yr 250 kWh/yr 190 kWh/yr
131.67 kWh/yr 176.88 kWh/yr  186.75 kWh/yr 159.60 kWh/yr
$39.48 USD/yr $28.80 USD/yr  $30.00 USD/yr $22.80 USD/yr

140 kWh/yr 50 kWh/yr 60 kWh/yr 0 kWh/yr

$7.20 USD/yr $0 USD/yr
50.00 yr* 41.67 yr*

A residential market study carried out particularly on cooktops concluded that induction technology. *to be at least $400 USD

more expensive than comparable LPG cooktop products. "to be at least $300 USD more expensive than comparable electric cook-

top products.

Consumption (AEC) for an electric coil cooktop and an electric smooth cooktop
is 240 kWh and 250 kWh, respectively; likewise, for an electric induction cook-
top and a domestic LPG cooktop it is 190 kWh and 330 kWh, in that order.

Depending on the country or region to which this study is being extrapolated,
these reference values may vary, and will undoubtedly be a function of usage
and/or good or bad cooking habits. Additionally, the energy costs associated with
this activity will be determined based on the information contained in Table 3.

The following has been considered in this study:

1) For the electric coil cooktop, the baseline efficiency applies to a cooktop
composed of four radiant coil elements. This cooktop was assumed to consist of
two 6-inch elements and two 8-inch elements. The electrical input ratings of the
6-inch and 8-inch elements were assumed to be 1250 watts and 2100 watts, re-
spectively;

2) For electric smooth cooktops, the baseline efficiency applies to a cooktop
composed of four solid disk elements. This cooktop was assumed to consist of
two 6-inch elements and two 8-inch elements. The electrical input ratings of the
6-inch and 8-inch elements were assumed to be 1500 watts and 2000 watts, re-
spectively;

3) For the LPG cooktop was assumed to consist of four conventional (open)
gas burners. Each burner was rated at 9000 Btu/h;

4) All electric and gas cooktops are equipped with an electronic ignition de-
vice, so that the energy factor is equal to the cooking efficiency;

5) The technical lifetime for all cooktops is 19 years;

6) The payback period refers to the time when the energy savings due to effi-

cient induction cooking have paid for the additional cost of the induction unit.

10. Discussion

With the application of the TSP, energy savings will be achieved that go hand in
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hand with the reduction of pollutants, but regardless of this, and despite having
the latest or best technology in electric induction cooktop in our hands, the small
savings in the energy bill will not compensate the additional costs of acquisition
and installation of those, the short-term savings should not be confused with the
overall reduction of costs.

To promote energy efficiency, not only should environmentally responsible
norms or standards be established and a regulatory framework developed, but also
consumer awareness and education are crucial issues.

To improve energy access at local, regional and global levels, new energy tech-
nologies must be developed, new infrastructure must be built and obsolete infra-
structure must be replaced. Large investments are necessary; therefore, market con-
ditions capable of attracting long-term investments must be supported.

For the private sector to invest in environmentally responsible and energy-effi-
cient technologies, intellectual property rights must be strongly protected.

With the implementation and deployment of the TSP, and if any type of en-
ergy subsidy is considered, as Ecuador once did in its time, it should be analyzed
with care, with the purpose of causing the least possible social impact, remem-
bering that the balance of economic, financial, social and environmental returns
must coexist.

It is worth pointing out that with this TSP, the use of domestic gas will not dis-
appear, since the ovens—an integral part of a “stove” as a whole—will remain to be
operated with LPG or electricity but not with magnetic induction, at least for the
time being.

Even if there is an oversupply of energy, in order to simultaneously improve
the three dimensions of the energy trilemma: energy security, energy equity and
environmental sustainability, there will always be the possibility of failure in the
supply of electric service, since no system is invulnerable to atmospheric events,
bad maneuvers, lack of coordination or even sabotage. Therefore, it would be nec-
essary to analyze the alternative of considering that electric induction cooktop in-
clude gas burners.

Finally, it is important to consider that since this TSP will be focused initially
on rural areas, there should be Customer Service Centers (CSC) that have the tech-
nical capacity to provide an immediate response for repair or replacement of
the cooktop plate, in order to avoid the production of unnecessary electronic

waste.

11. Conclusions

1) Table 3 clearly shows that, with induction technology, the lowest annual
energy consumption is achieved; besides, due to its high cooking efficiency, the
amount of energy used for cooking is lowest. Similarly, according to Table 5, the
highest value of energy savings is obtained, ie., 140 kWh/yr, by replacing an
LPG cooktop with an electric induction cooktop, not to mention the possible long-

term side effects and damage of breathing the combustion products of liquefied
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petroleum gas in homes that do not have exhaust hoods or have a kitchen that is
not very well ventilated. In addition, for the user, the induction cooktop represents
annual savings of 50 kWh and $6.00 USD, 60 kWh and $7.20 USD; and 140 kWh
with $16.75 USD for replacing the electric coil cooktop, electric smooth cooktop
and LPG cooktop, respectively. However, this implies a simple payback period of
50, 41.67 and 23.88 years, respectively, which represents a factor between 1.26 and
2.63 times of the expected lifetime of these cooktops (19 years). Therefore, at this
point, despite its other advantages of controllability and safety, it can be concluded
that the electric induction cooktop does not offer a cost-effective method of ener-
gy savings.

2) Energy use for cooking—whether gas or electricity—is a very small per-
centage of typical household energy consumption (about 5%), so there are more
important places or activities to put effort in relation to savings. However, any en-
ergy savings, above all, a relevant reduction of GHG emissions, will contribute grea-
tly to sustainability management.

3) Gas is a primary energy source, while electricity is a secondary energy source;
this is because coal or gas is used to generate electricity. By the time electricity rea-
ches households, much energy has already been lost in the generation, transmis-
sion and distribution stages. Therefore, if these losses and efficiency are taken into
account, both sources (gas or electricity) could be equal and it is personal prefer-
ence or economic value that should guide the decision, without losing sight of the
existence of mandatory nature of their use as a state policy.

4) The community is concerned about electromagnetic emissions, which are
lower in electric glass-ceramic systems than in induction ones; however, the lat-
ter are much more efficient than the former. Thus, the operating time of the equip-
ment (and thus the duration of exposure to such emissions) is much shorter in in-
duction stoves. For now, the available data suggest that, if there are non-thermal
effects of non-ionizing radiation absorption on human health, such effects are not
so profound as to be easily discernible. In fact, according to expression (1), the
magnetic flux density by the exponent to which it is raised, decreases very rapid-
ly with distance. So, if exposure occurs, its effects will be minimal and would not
pose a risk, except to users with active implants, and more specifically, to people
implanted with pacemakers.

5) The Technological Substitution Program (TSP) together with efficient cook-
ing must be seen as the means to guarantee inclusive decarbonization, which does
not leave any community behind, becoming an essential part of humanizing the
energy transition.

6) Cost, in fact, is the greatest barrier to the adoption of induction technology
[18]. In Table 5, the payback period by technology substitution was determined;
however, in these calculations, the cost related to the acquisition of induction-
compatible cookware was not considered. This could represent several hundred
dollars, which would be added to the induction technology premium, depending
on the culinary needs of the user, of course.

7) The deployment of induction cooktops will undoubtedly lead to the rein-
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forcement of energy infrastructures, and if to this is added the diversification of
the energy mix through renewable sources, then the countries that adopt this
study will be closer to achieving a sustainable energy system, and will be guaran-

teed to obtain a balanced score in the general index of the Energy Trilemma.

Data Availability Statement

The data used in this study can be obtained by contacting the corresponding au-
thor.
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Abbreviations

AEC Annual Energy Consumption

CEC Customer Service Centers
DOE  United States Department of Energy
EM Electromagnetics

ETSAP Energy Technology System Analysis Programme
GHG  Greenhouse Gas

IAEA  International Atomic Energy Agency

IEA International Energy Agency

LPG Liquefied Petroleum Gas

NOAA National Oceanic and Atmospheric Administration
PPM Parts Per Million

SD Sustainable Development

SDG Sustainable Development Goals

TSP Technical Substitution Program

WEC  World Energy Council
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