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Over the past years, energy efficiency has become a current issue of great concern in all spheres 

of industry and household sector. This paper presents a comparative analysis of the consumed electric 

power and the efficiency factor (EF) of some of the most often used and comparatively most energy-

consuming household appliances: electric hot plates (EHP). The results obtained and the conclusions 

drawn show that the use of modern pyroceramic plates and induction hobs improves energy efficiency. 

The development of adequate models for evaluation of the influence of the exploitation and design fac-

tors on the energy efficiency of EHP will enable the achievement, with ecodesign of these appliances, 

of maximum boundary values of energy consumption in energy-related products, as set in the draft of 

the EU Regulation for implementation of Directive 2009/125/EC, and will also ensure that adequate 

measures are taken to improve the energy-efficiency services in this sector as per BS EN 15900. 
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Introduction 

Increasing the energy efficiency and developing 
the sector of energy-efficiency services [6] are issues 
of exceptional importance and current interest defined 
in all fields of industry and in the household. The 
household sector, as a primary consumer of electric 
energy, is of highest priority in the analysis of these 
issues. In the development of active measures to in-
crease the energy efficiency of household appliances a 
number of factors should be considered, such as: en-
suring appropriate level of comfort, specificity of the 
processes, consumption of raw materials, and others. 
It is well-known that besides heating, households ex-

pend a lot of energy on food preparation. Therefore 
the issue of energy efficiency of electro-thermal 
household appliances is of extreme importance. For 
the food preparation, built-in pyroceramic electric hot 
plates (PCEHP) and induction hobs (IH) have come 
into common use over the past years, replacing the 
traditional cast-iron electric hot plates (CIEHP). The 
main target is set at increasing the end-users energy 
efficiency by 20% until 2020, as well as at further 
development of the sector of energy-efficiency ser-
vices, which defines the urgent importance of this 
problematics. A comparison between the most com-
monly used types of electric hot plates with regard to 
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their efficiency factor (EF) and the index of energy 
efficiency at a variety of exploitation parameters will 
contribute not only to a better completion of the ener-
gy consumption databases in this area, but also to a 
more precise control through specific, clearly defined 
measures. 

Analysis 

The basic criterion for determining the energy 
efficiency of electro-thermal household appliances is 
their efficiency factor. In compliance with the energy 
efficiency indexes set out in the Commission 
Regulation (EU) No 66/2014 of 14 January 2014 
implementing Directive 2009/125/EC of the European 
Parliament and of the Council with regard to 
ecodesign requirements for domestic ovens, hobs and 
range hoods, in combination with the established 
provisions for labelling in the Commission Delegated 
Regulation (EU) No 65/2014, the measures are 
expected to result in annual primary energy savings of 
27 PJ/a in 2020, increasing to 60 PJ/a by 2030. 
Therefore, the purpose of the present paper is to make 
a comparative analysis between the pyroceramic 
cooktop and the induction hob with regard to the 
consumed electric energy, the obtained EF and the 
energy efficiency index as exposed to a variety of 
exploitation factors, the most typical in domestic 
conditions [4], [5].  

How to determine the efficiency factor η for an 
electric hot plate is shown in [1], [2], [3], [8], [10], 
[12], [13]. Generally, the consumed electric energy 
depends on the technical characteristics of the plate 
and the heating zones, on the geometric dimensions, 
specific surface load of the heater and the kind of load 
– that is the dish used for cooking. 

Subject of study were two pyroceramic cooktops 
and two induction hobs. The pyroceramic cooktops 
were: 

 ZANUSSI make, ZKL64Х model (for 
building in) - the cooktop has four heating 
zones, two of which with diameter of 145 
mm and power of 1200 W, and the other 
two of 180 mm and 1700 W respectively. 

 Electrolux make, EKC51 model (for a 
free-standing cooker) - the cooktop has 
four heating zones, two of which with 
diameter of 140 mm and power of 1200 
W, and the other two of 180 mm and 1800 
W respectively. 

The induction hobs were: 
 ALASKA IC 1800 model, with installed 

power: 1800W. 

 МIA IKP 2000T model, with installed 
power: 2000W. 

For the purposes of this comparison, tests were 
used conducted over CIEHP with diameter of ø145 
mm and ø180 mm [9], [12]. 

Based on how the EF of the electric hot plate was 
determined experimentally [2], [3], experimental tests 
were conducted by using a standard aluminium block 
heated to the excessive temperature of 80 К. The 
values of the EF of CIEHP and pyroceramic zones for 
their nominal powers are shown in Table 1. 

Table 1 
The values of the EF of cast – iron and pyroceramic heat-

ing zone for nominal powers 

Kind of 
heating 
plate 

Diam-
eter of 
the 
plate 

Time for 
heating, no 
more than 

Consumed 
energy, no 
more than EF ECelectric 

hob 
cold hot cold hot 

mm min Wh % Wh/kg 

Cast-
iron 

145 
13 11 

150 125 57 196.4 
180 220 175 58 197.5 
220 325 250 61 191.7 

Pyroce-
ramic 

145 7 4 
111 78 82 135.0 

180 148 100 76 124.0 
According to Directive of the European Union 

[5,6], the electric energy consumption of a domestic 
electric hob, ECelectric hob, is measured in Wh per a kg 
of water for standardized measurement (Wh/kg), by 
taking all types of cooking dishes into consideration in 
standardized conditions of testing and by rounding to 
the first decimal place. The boundary values of the 
energy efficiency indicator for domestic hobs 
(ECelectric hob) are shown in Table 2. 

Table 2 
Boundary values of the energy efficiency indicator for 

domestic hobs (ECelectric hob) 

ECelectric hob in Wh/kg 
From 1 year after  the entry 
into force (14.01.2015) ECelectric hob <210 

From 3 year after  the entry 
into force (14.01.2017) ECelectric hob <200 
From 5 year after  the entry 
into force (14.01.2019) ECelectric hob <195 

 
Induction hobs are designed for special dishes of 

appropriate material, such as: steel dishes, enameled 
dishes or dished made of steel alloys, for example. 
Dishes made of copper or copper alloys, with 
aluminium bottoms or glass-ware are not suitable for 
use with induction hobs. It should be noted that the 
diameter of the heating zone (DHZ) corresponds to the 
diameter of the dish (Ddish) placed on the induction 
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hob. Testing was conducted by placing a dish, filled 
with a certain quantity of water, over the heating 
surface [2]. The EF thus determined can be assumed 
to be conditional (CEF) as tests were conducted in 
conformity with the methodology as per the Bulgarian 
National Standard, so it does not meet the standard 
requirements [11]. 

The data used here are from experiments 
conducted over an induction hob, model: ALASKA 
IC 1800 [7]. This appliance can only be used with a 
special type of dishes, which must have diameters 
from 120 mm to 260 mm. The experiments were 
conducted with dishes of most often used diameters: 
ø145 mm, ø180 mm and ø220 mm [11]. 

The data for the values of CEF of an induction hob 
for its nominal power of 1800 W, with standard diam-
eters and standard quantity of heated liquid are shown 
in Table 3.  

Table 3 
CEF of an induction hob for its nominal power 

Diameter 
of the 
plate 

Time for 
heating 

Consumed 
energy CEF ECelectric hob

mm min Wh % Wh/kg 
145 3 76 85.8 108.6 
180 4 111 83.7 111.0 
220 6 165 84.6 110.0 

 
 Fig.1. Dependence of the consumed energy on the power of 

the heating zone for ø145 mm. 

 
 Fig.2. Dependence of the consumed energy on the power of 

the heating zone for ø180 mm. 

The results of the experimental tests, for heating 
zones ø145 mm and ø180 mm, with the respective 
standard quantity of heated liquid, are shown in Fig.1. 
and Fig.2. for a cast-iron electric hot plate, a py-
roceramic cooktop and an induction hob. Fig.3. for a 
heating zone ø145 mm, and Fig.4., for a heating zone 
ø180 mm, graphically show the consumed electric 
energy in relation to the relative power for a 
pyroceramic heating zone and induction hob. 

 
 Fig.3. Dependence of the consumed energy on the relative 

power with of the heating zone for ø145 mm. 

 
 Fig.4. Dependence of the consumed energy on the relative 

power with of the heating zone for ø180 mm. 

The experimental results thus obtained show a 
complete compliance with the accepted standards of 
ecodesign, as regards the index of energy efficiency. 
More interesting is the question of using different 
cooking dishes and quantities of heated liquid, which 
is a routine daily procedure in households. In this 
regard, experimentally was evaluated the influence of 
the diameter of the used dish, different from the 
standard diameter, over the EF of a pyroceramic 
cooktop for both heating zones - ø145 mm and ø180 
mm during their operation at all levels of power 
control. The obtained results for CEF are shown in 
Fig.5. and Fig.6. The results of the conducted 
experiments for an induction hob are shown in Fig.7. 

Fig.8., Fig.9. and Fig.10. show the change of the 
index of energy efficiency – ECelectric hob of the 
pyroceramic cooktop and the induction hob depending 

58 “Е+Е”, 1-2/2017



 

on the diameter of the used dish, for a standard 
quantity of heated liquid. 

 

 
 Fig.5. Dependence of the conditional EF on the diameter 

of the dish for a heating zone ø145 mm of a pyroceramic 

cooktop, standard quantity of heated liquid 0.7dm3. 

 
 Fig.6. Dependence of the conditional EF on the diameter 

of the dish for a heating zone ø180 mm of a pyroceramic 

cooktop, standard quantity of heated liquid 1.0dm3. 

 
 Fig.7. Dependence of the conditional EF on the diameter 

of the heating zone (respectively of the dish) with the 

quantity of heated liquid 1.0 dm3 of induction hob, model: 

ALASKA IC1800, at different power. 

The influence of the quantity of heated liquid is 
also considered. For this purpose, in addition to the 
standard quantity of liquid, which is 0.7 dm3 for EHP 
ø145 mm and 1.0 dm3 for ø180 mm [2], experiments 
were also conducted with 0.5 dm3, 1.0 dm3, 1.5 dm3 
and 2.0 dm3 of water for EHP ø145 mm, as well as of 
0.5 dm3, 1.5 dm3, 2.0 dm3 and 2.5 dm3 for EHP ø180 
mm. Conditional EFs were determined in all 
experiments on the basis of their values in cold and 
hot state.  

 
 Fig.8. Dependence of the ECelectric hob on the diameter of the 

dish for a heating zone ø145 mm of a pyroceramic cooktop, 

standard quantity of heated liquid 0.7dm3. 

 

 Fig.9. Dependence of the ECelectric hob on the diameter of the 

dish for a heating zone ø180 mm of a pyroceramic cooktop, 

standard quantity of heated liquid 1.0dm3. 

 
 Fig.10. Dependence of the ECelectric hob on the diameter of 

the heating zone (respectively of the dish) with the quantity 

of heated liquid 1.0 dm3 of induction hob, model: ALASKA 

IC1800, at different power. 

 
 Fig.11. Dependence of the conditional EF on the quantity 

of heated liquid with different power, for heating zone ø145 

mm, for a dish of standard diameter. 
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The obtained results for the conditional EF and the 
consumed energy are presented graphically in Fig.11. 
for heating zone ø145 mm, and for heating zone ø 180 
mm in Fig.12. 
 

 
 Fig.12. Dependence of the conditional EF on the quantity 

of heated liquid at different power, for heating zone ø180 

mm, for standard diameter of the dish. 

 
 Fig.13. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 0.5 dm3. 

 
 Fig.14. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 0.7 dm3. 

Evaluated also was the index of energy efficiency- 
ECelectric hob for all tested heating zones in relation to 
their relative powers, and the results are presented 
graphically in Fig.13., Fig.14., Fig.15., Fig.16., 
Fig.17., Fig.18., and Fig.19., at a quantity of heated 

liquid 0.5 dm3, 0.7 dm3, 1.0 dm3, 1.5 dm3, 2.0 dm3, 2.5 
dm3 and 3.0 dm3 respectively. 

 

 
 Fig.15. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 1.0 dm3. 

 

 Fig.16. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 1.5 dm3. 

 
 Fig.17. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 2.0 dm3. 

In addition, experimental tests were conducted 
over a pyroceramic cooktop with  heating zones of 
diameter ø140 mm and ø180 mm on a free-standing 
electric cooker Electrolux make, ЕКС51 model, with 
nominal power of 1200W and 1800 W respectively, 
for a quantity of heated liquid 1.0 dm3. The results 
thus obtained for the EF and ECelectric hob are given in 
Fig.20. and Fig.21 respectively. 
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 Fig.18. Dependence of the ECelectric hob on the relative 

power at different DHZ, for standard diameter of the dish, 

with the quantity of heated liquid 2.5 dm3. 

 
 Fig.19. Dependence of the ECelectric hob on the relative 

power for the heating zone ø180 mm, with the quantity of 

heated liquid 3.0 dm3 of induction hob, model: ALASKA 

IC1800. 

 
 Fig.20. Dependence of the conditional EF on the relative 

power at DHZ ø140 mm and ø180 mm, for standard Ddish, 

with the quantity of heated liquid 1.0 dm3 of pyroceramic 

cooktop model: ELECTROLUX EKC 51. 

 
 Fig.21. Dependence of the ECelectric hob on the relative 

power at DHZ ø140 mm and ø180 mm, for standard Ddish, 

with the quantity of heated liquid 1.0 dm3 of pyroceramic 

cooktop model: ELECTROLUX EKC 51. 

Furthermore, experimental tests were conducted 
and the efficiency factor was calculated as well as the 
index of energy efficiency, ECelectyric hob, for a 
heating zone of diameter (dish diameter, respectively) 
ø180 mm and 1.0 dm3 of heated liquid of induction 
hob MIA model, IKP 2000T make. The results are 
shown in Fig.22 and Fig.23 – for both tested induction 
hobs. 
 

 
 Fig.22. Dependence of the conditional EF on the relative 

power at diameter of the heating zone (respectively of the 

dish) ø180 mm, with the quantity of heated liquid 1.0 dm3, 

at the different induction hobs. 

In Fig. 24 and Fig. 25 all tested heating zones are 
compared at nominal power with regard to EF and the 
index of energy efficiency. 

 
 Fig.23. Dependence of the Electric hob on the relative power 

at diameter of the heating zone (respectively of the dish) 

ø180 mm, with the quantity of heated liquid 1.0 dm3 at the 

different induction hobs. 

 
 Fig.24. EF of different types of heating zones of diameter 

ø180 mm, standard quantity of heated liquid and standard 

diameter of the used dish at nominal powers. 
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 Fig.25. ECelectric hob of different types of heating zones of 

diameter ø180 mm, standard quantity of heated liquid and 

standard diameter of the used dish. 

Conclusions 

The following conclusions can be drawn from the 
conducted experimental tests: 

1. The amount of energy needed to heat a standard 
quantity of water to overheating of 80 is the smallest 
when using the induction hob for all heating zones. 
When using a pyroceramic heating zone, the 
consumed energy increases by 33.3% for heating zone 
ø145 mm and by 52% for heating zone ø180 mm.  

2. EF of the induction hob for heating zone ø145 
mm is higher, by about 3% on average, than EF of the 
pyroceramic cooktop, and for heating zone ø180 mm 
is higher, by about 7%. 

3. The increase of the diameter of the dish (of the 
heating zone, respectively) for heating zone ø145 mm 
by 24 %, results in a decrease of the conditional EF 
for IH by 12.5 % (for quantity of heated liquid 1.0 
dm3 and 1800 W), and for PCEHP a decrease by 4.6 
% for P1=300 W, and by 0.3 % for P2=500 W. For  a 
heating zone ø180 mm with a dish of diameter 24 % 
larger than the standard one, the conditional EF for 
PCEHP decreases by 1.6 %  for P1=300 W and by 7 
% for P2=1250 W. 

With the increase of the diameter of the dish for a 
heating zone ø145 mm by 24 %, the index of energy 
efficiency ECelectric hob changes on average by about 4.5 
% at powers above 0.5 Pnom for a pyroceramic heating 
zone (for the others, they become greater than its 
boundary value). For the heating zone ø180 mm of a 
24 % larger dish- ECelectric hob changes on average by 
about 1.5 % at powers above 0.5 Pnom.  

4. With the decrease of the diameter of the dish by 
29 % in a zone of ø145mm, the conditional EF of 
PCEHP increases by 15.5%, 12 % and by 0.5% for 
powers of 300 W, 500 W and 800 W respectively. The 
increase of the conditional EF remains the same with 
IH for zone ø220 mm: it increases by 6.2% (for 
quantity of heated liquid 1.0 dm3 and 1800 W). 
With the decrease of the diameter of the dish by 29 % 
for zone ø145mm, the index of energy efficiency 

ECelectric hob changes by about 13.5% at powers above 
0.5 Pnom, and for the heating zone ø180 mm, by about 
14.5%. 

In contrast to PCEHP, for the induction hob with 
the change of the diameter of the dish (of the heating 
zone, respectively) at all powers, the index of energy 
efficiency ECelectric hob is below the boundary value 
(195 Wh/kg). With the increase of the diameter of the 
dish by 24 % ECelectric hob changes on average by 8% at 
P=1800W, and with the decrease of the diameter of 
the dish by 29 %, ECelectric hob changes on average by 
11% at P=1800W. 

5. With the increase of the quantity of heated liquid 
in heating zone ø145 mm, the conditional EF of the 
induction hob increases, on average, by 4 % at 1800 
W, by 7.2 % at 1200 W, and by 12 % at 840 W. With 
heating zone of a diameter ø180 mm, the conditional 
EF increases, on average, by 5.7 % at 1800 W and at 
400 W. For PCEHP, the conditional EF increases, on 
average, by 5.16 % at 400 W, and by 13.2 % at 1200 
W for heating zone ø145 mm. 

6. ECelectric hob of the induction hob at ø145 mm and 
heated quantity of water 0.5 dm3 is by 71.8% smaller 
than the admissible boundary value, at 0.7 dm3 it is by 
61% smaller than the admissible boundary value, and 
at 1.5 dm3 it is by 18.5 % smaller. With the PCEHP, 
respectively: by 2% smaller, by 13.5% smaller and 
smaller by 28.3% (at nominal power).  

ECelectric hob of the induction hob at ø180 mm and 
heated quantity of water 0.5 dm3 is by 73.3% smaller 
than the admissible boundary value, at 1 dm3 it is by 
43% smaller than the admissible boundary value, and 
at 1.5 dm3 it is by 19.7% smaller. With the PCEHP, it 
is respectively by 10.2% smaller, by 22% smaller and 
smaller by 29.2% than the boundary value. 
ECelectric hob of the induction hob at ø220 mm and 
heated quantity of water 0.5 dm3 is by 64.1% smaller 
than the admissible boundary value, at 1.0 dm3 it is by 
38.4% smaller, and at 1.5 dm3 it is by 15.4% smaller 
than the admissible boundary value.  
The charts show that with small quantities of water the 
IH is more efficient; however, with larger quantities, it 
is already above the boundary value, e.g. with 2.0 dm3 
its values are above the boundary value: by 11.2% 
larger than the admissible boundary value (for a 
heating zone ø145 mm) and by 6.7% larger (for a 
heating zone ø180 mm). Whereas for the same 
conditions with PCEHP, ECelectric hob is still below the 
boundary, respectively by 30.5% smaller than the 
admissible boundary value (for a heating zone ø145 
mm) and by 31.8% smaller (for a heating zone ø180 
mm) which is due to the different principle of 
operation: release of cumulated heat. 
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7. The optimal operation mode (maximum CEF) 
for induction hob ALASKA IC 1800 C is 96.3 % with 
diameter of the heating zone (diameter of the dish) 
ø145mm, power of 1800 W and quantity of the heated 
water of 1.0 dm3. 

8. Among the compared four types of  household 
appliances, for a diameter of the heating zone 
ø180mm, in a nominal mode of operation, it is the 
induction hob ALASKA IC 1800 that has the highest 
EF: 83.8%, as well as the lowest index of energy 
efficiency ECelectric hob: 111Wh/kg.  

In conclusion, it follows from the obtained 
experimental results that the influence of the 
exploitation factors on EF of the pyroceramic 
cooktop, induction hob and cast-iron electric hot plate 
is of great significance and has a diverse character of 
impact.  

The received values and the diversity of studies in 
various operational parameters, including some 
specific ones enrich the accumulated database and 
allow to be modeled the impact of operational and 
structural factors on the effectiveness of electric 
heating plates more accurately  and to optimize the 
technical characteristics in their use. The obtained 
results could serve for further modelling of the 
influence of the exploitation and design factors on the 
efficiency of electric hot plates and optimization of 
their technical characteristics for improved 
functionality. The target is to achieve maximum 
boundary values for electric hot plates energy 
consumption (EC el. hot plate), as set in the draft 
regulation of EU for implementation of Directive 
2009/125/EC of the European Parliament and of the 
Council with regard to the ecodesign requirements for 
energy-related products for households, such as ovens, 
hobs, and kitchen absorbers. It would be a good idea 
to add information to the documentation of these 
household electric appliances about the change of the 
index of energy efficiency at various exploitation 
factors, which would be of great benefit to the users. 
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