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The optimisation of the usage of electricity from a wind turbine 
in a household 

 
 

Abstract. The article presents the concept of an algorithm that optimizes energy management in a household. The algorithm optimizes the usage of 
the energy from a wind turbine and ensures the greatest possible comfort of using energy-efficient smart appliances by the user. 
  
Streszczenie. W artykule przedstawiono koncepcję algorytmu optymalizującego zarządzanie energią w gospodarstwie domowym. Algorytm 
optymalizuje wykorzystanie energii z turbiny wiatrowej oraz zapewnia jak największy komfort korzystania z energooszczędnych inteligentnych 
urządzeń przez użytkownika. (Optymalizacja wykorzystania energii elektrycznej z turbiny wiatrowej w gospodarstwie domowym).  
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Introduction 

The energy systems in many countries are developing 
rapidly in order to meet the increasing demand for 
electricity, as well as the expectations of energy consumers. 
Renewable energy sources (RES) are more and more often 
used as basic power sources also in households. The 
increase in renewable energy installations in Poland and 
Germany has occurred as a result of the implementation of 
appropriate financing projects for such investments. These 
solutions make it possible to reduce the high costs of 
electricity consumption from the grid. The projects 
promoting the financing of different types of renewable 
energy are being implemented in Poland and Germany. 
 The usage of solar and wind energy to generate 
electricity for households depends heavily on the weather 
conditions, the season and the time of day. This has a 
significant impact not only on the proper functioning of the 
electrical grid (EG) [1] but also the costs associated with 
energy consumption. It also has an impact on the proper 
management of the operation of devices in households. The 
work [2] presents an overview of the latest literature on 
energy management solutions in households. 
 The article presents the concept of an energy 
management algorithm (EMA) in a household. In the 
optimization process, EMA takes into account the power 
generated by the wind turbine (WT), which results in the 
reduction of energy consumption costs from EG. EMA also 
provides the greatest possible comfort for the user of the 
energy-efficient smart appliances. The choice of a WT has 
been determined by increased electricity production and 
economic considerations compared to a solar power plant 
[3]. The research results presented in this article are a 
continuation of previous research papers, the results of 
which are described in [4, 5]. 
 
Energy management algorithm 

The goal of the EMA (Fig. 1) is to ensure that the power 
generated by WT (PWT) is used as much as possible to 
power smart household appliances. It will also reduce the 
cost of consumed energy from EG. In the process of 
optimization, EMA also provides the greatest possible 
comfort for the user to use smart appliances. For this 
purpose, it has been assumed that each of the appliances 
will be assigned a priority (pr) indicating which of them will 
be able to change power (PA) first, will be turned off or 
turned on with a specific time shift (ts). 

START

If tz > 1 and 
|∆Ph(i)| > ∆Phys

Ph(0) = 0;   PWT(0) = 0;   i = 1

Reading PWT(i), Ph(i), tz
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Optimizing the power of smart 
appliances

i = i + 1
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Fig. 1. The block diagram of an energy management algorithm 
(EMA) in a household 
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After reading the current PWT(i) value and the sum of 
power of the powered on appliances in a given iteration 
Ph(i) and the current tariff tz, the condition is checked 

(1) ( ) ( )WT hP i P i . 

If condition (1) is not met, iteration (i) is terminated. This 
means that appliances that are turned on are powered only 
from the WT. However, failure to meet this condition will 
result in further EMA operation, i.e. the calculation of ∆Ph(i) 
according to the formula 

(2) ( ) ( ) ( 1)h h hP i P i P i    . 

In the next step of the iteration, the simultaneous 
fulfillment of the condition is checked 

(3)  1zt  and ( )  h hysP i P , 

where: tz - tariff time zone, ∆Phys - accepted allowable value 
of changes |∆Ph(i)|, limiting the number of power changes of 
smart appliances (PA). 

If condition (3) is not met, iteration (i) is terminated. 
However, if this condition is met, the sub-program 
"Optimizing the power of smart appliances" will be started, 
preceded by the reading of the current parameters of active 
appliances. For the optimization process, the GRASP 
(greedy randomized adaptive search procedure) heuristic 
algorithm [4, 6] has been used, in which the objective 
function takes into account: the current PWT values and 
power consumed from EG (PEG), current power values of 
individual appliances turned on (PA), remuneration (cWT) for 
1 kWh transferred from WT to EG and the cost of 1 kWh 
from EG (cEG) determined for the relevant tariff, ts and pr 
values of active smart appliances and the total number of 
them in the household. Compared to [4], an additional 
condition has been introduced in the optimization process 

(4)  _ ( ) ( )  h EMA WTP i P i P , 

where: (Ph_EMA) - value of the sum of the power of all 
appliances after optimization by EMA.  

Condition (4) allows for a better adjustment of the power 
of appliances to the power generated by the WT at the 
expense of a small amount of energy taken from the EG, 
resulting from the adopted ∆P value. 

As a result of the optimization process, the following 
decisions can be made in relation to a smart appliances: 

 disagreement with its activation, 
 its activation or shift of the activation time (ts), 
 change of power value, 
 its deactivation. 
In the sub-program "Confirmation by the user" will be 

displayed information about the actions taken by the EMA in 
relation to the smart appliances. The user may knowingly 
allow or reject the proposed proposal. If the user does not 
react to the information displayed, the EMA will 
automatically consent to the implementation of the 
proposed proposal after the set time. 
 
Characteristics of smart appliances in the household 

In order to verify the functionig of the EMA algorithm, it 
has been assumed that the household would use energy-
efficient smart appliances, equipped with systems for 
measuring the power consumed by each appliances (PA) 
(e.g. [7]), and remotely controlled to change the power 
consumed, turn them off and time delay (ts) of their activtion.  

Table 1 presents a list of smart appliances installed in a 
sample household for which the values of PA, ts and pr have 
been defined. For each appliances turned off, shown in 

Table 1, PA = 0 kW has been assumed. The boiler has 3 
heaters installed with the power of 1.5, 1.5 and 2 kW, which 
allow the EMA to set one of the following PA values: 1.5, 2, 
3, 3.5 and 5 kW. The air conditioner also has the option to 
set the PA values: 2.2, 3 and 3.5 kW. Both of these 
appliances turn off automatically as a result of reaching the 
predetermined values of the output parameters.  
 
Table 1. Parameters of smart appliances 

Device PA [kW] ts [h] pr 
Fridge-freezer 0.18 - 5 
Lighting 0.2 - 6 
TV 0.34 - 5 
Oven 0.1 ÷ 1.6* - 4 
Washing machine 0.3 ÷ 2.3* 0 ÷ 24 1 
Dishwasher 0.06 ÷ 2.4* 0 ÷ 24 1 
Kettle 3.0 - 4 
Air conditioner 0.85 ÷ 3.5*/** - 3 
Induction hob 0.7 ÷ 3.7* - 4 
Water heater 1.5 ÷ 5** - 2 
Electric car battery charger 10.5* 0 ÷ 24 6 

*PA – the power value depends on the individual control sub-
programm installed in the smart appliances. 

**PA – the power value depends on the EMA decision. 
 

It has been also assumed that the EMA can turn off 
appliances with pr equal to 2, 3 and 5. On the other hand, 
appliances with pr = 6 will not be turned off by the EMA. 
Each appliances will be turned on after obtaining approval 
from the EMA or as a result of an informed decision of the 
user. For washing machines and dishwashers, pr = 1 has 
been assumed, as these are appliances whose starting time 
can be shifted by the EMA to a very large extent. This will 
have a positive effect on the optimization process. The 
appliances with pr = 4 will be turned off automatically as a 
result of completing the program in progress. It has also 
been assumed that the electric car battery charger will be 
turned on in the night time zone. The battery charging time 
from 10% to 100% of its capacity is 9 hours and 40 min. 
The first phase of battery charging is carried out with a 
constant current value and lasts about 1.5 hours. 

In order to manage the energy in the household, it has 
been proposed to build an intelligent network Home Area 
Networks (HAN), the diagram of which is shown in Figure 2. 
The basic element of this network is the energy 
management module (EMM) consisting of, among others, 
from a microcontroller with an installed EMA and a system 
for measuring the power generated by WT. It has been 
assumed that smart appliances (Tab. 1) in a household 
would be powered by energy generated by WT with a 
power of 15 kW [8]. When determining the power value of 
the wind turbine, the car battery charger has not been taken 
into account. This has been based on the assumption that 
the electric car battery would be charged during the night 
tariff, which is cheaper than the daily tariff. Also at this time, 
there is often a small number of household appliances 
turned on. 
 In the case of a lower production or a complete deficit of 
energy from the WT, it will be replenished with EG. EMA, by 
optimizing the usage of the energy from WT, and thus the 
energy costs, will accordingly reduce the energy consumed 
by smart appliances from EG. Smart appliances will be 
controlled via the HAN network. The amount of energy 
taken from the EG, as well as the amount of energy 
transferred to this grid as a result of the excess energy 
generated by the WT, will be measured by an smart meter 
(SM). The communication of the SM with EMM will also be 
carried out by HAN. 
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Fig.2. The diagram of a smart grid in a household 
 
The results of simulation tests of the energy 
management algorithm 

The conducted simulation tests have been aimed at 
checking the correctness of the developed EMA concept. In 
addition to the above assumptions, simulation tests have 
been conducted under the following additional assumptions: 

 the household is located in Jena (Germany), with a 
strictly defined Time-of-Use (ToU) pricing program 
with two time zones (tz) [9]:  
 tz = 1 from 0:00 to 6:00 and from 22:00 to 24:00 

and the price for 1 kWh of energy (cEG_1) is 0.32 €, 
 tz = 2 from 6:00 to 22:00 and the price for 1 kWh 

of energy (cEG_2) is 0.41 €, 
 a recompense for 1 kWh of energy (cWT) transferred 

from WT to EG is equal to 0.092 € (applies to Jena) 
[10], 

 ∆Phys = 0.2 kW, 
 ∆P = 0.4 kW. 
The simulation tests have been carried out for the period 

of 1 day for a household equipped with appliances 
presented in Table 1. The time characteristics of these 
appliances have been determined on the basis of a 
database [11]. The results assessing the benefits of using 
EMA and WT for five analyzed cases are presented in 
Table 2. 

In case 2, the EMA performed an energy optimization 
for tz = 2 by shifting the reported washing machine operation 
from 7:14 per hour 22:00 (tz = 1). At 9:06 there has been a 
notification that the dishwasher had started working. EMA 
proposed to move the operation of this appliances to the 
zone tz = 1 per hour. 23:00. The user did not agree to the 
algorithm proposal, as he had another launch in the plan. 
After this decision, the dishwasher has been turned on and 
finished its work at 9:37. At 10:09 there has been another 
application of the dishwasher for operation. In this case, the 
user agreed to move the dishwasher's operation to 23:00. In 
cases 1 and 2, the same amount of energy was taken from 
the EG by all appliances. However, in the second case, the 
energy costs (Tab. 2) decreased by 1.16% (0.21 €) as a 
result of the operation of the EMA. 

In case 3, the reduction in energy costs, compared to 
cases 1 and 2, has been only due to energy generation by 
the WT. The household profit was 6.60 €. 
 

Table 2. Results of simulation tests for five cases 

 
Tariff 

Sum 
1 2 1 

Case 1 (without EMA and without power generation via WT) 
EEG [kWh]     6.816    22.695   20.794    50.305 
CEG [€]     2.18      9.30     6.65    18.13 

Case 2 (with EMA and without power generation via WT) 
EEG [kWh]     6.816    20.187   23.302    50.305 
CEG [€]     2.18      8.28     7.46    17.92 

Case 3 (without EMA and with power generation via WT) 
EEG [kWh]     4.165      0.976     4.955    10.096 
CEG [€]     1.33      0.40     1.59      3.32 
EWT [kWh]   11.813    95.338     0.622  107.773 
CWT [€]      9.92 
Household profit [€]  (CWT   CEG)      6.60 

Case 4 (with EMA and with power generation by WT) 
EEG [kWh]     4.165      0.055     4.969      9.189 
CEG [€]     1.33      0.02     1.59      2.94 
EWT [kWh]   11.813    94.200     0.635  106.648 
CWT [€]      9.81 
Household profit [€]  (CWT   CEG)      6.87 

Case 5 (with EMA and with high power generation by WT) 
EEG [kWh]     5.622      0.0     0.0      5.622 
CEG [€]     1.80      0.0     0.0      1.80 
EWT [kWh]     5.316  182.723     9.203  197.241 
CWT [€]    18.15 
Household profit [€]  (CWT   CEG)    16.35 

 
In case 4, the EMA used reduced the amount of energy 

consumed from the EG for tz = 2 by adjusting the total 
power of the appliances included (Ph_EMA) so that it is not 
greater than the PWT power by the adopted value of ∆P = 0.4 
kW (Fig. 3). 

Included the values of the quantities defined in the 
objective function, the EMA performed the following 
sequence of actions on the air conditioner: at 6:27 he was 
reported to work, but due to the low value of the power 
generated by the WT, it has not been turned on (Fig. 3). 
The consent of the EMA to turn on the air conditioner has 
been made at 6:42, but with PA = 2.2 kW taking condition 
(4) into account. At 6:47 the air conditioner turned off 
automatically. Later in the day, the EMA did not take any 
action on this appliance. In the case of the boiler, EMA 
performed from 6:45 to 7:32 activities to optimize Ph_EMA, so 
that according to condition (4), the determined value ∆P  
with respect to PWT changes is not exceeded. The sequence 
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of EMA activities during this time period has been as 
follows: at 6:45 a boiler has been reported for operation and 
it has not been turned on as the air conditioner has been 
running at that time. After the air conditioner has been 
turned off automatically at 6:47 EMA turned on the boiler 
with PA = 2 kW and turned it off at 6:50 after turning on the 
kettle, which could have been turned on according to 
condition (4). At 6:53 the EMA turned on the boiler with PA = 
3 kW, and at 6:58, according to the condition (4), it reduced 
its power to 2 kW. Failure to take into account the condition 
(4) in the algorithm would cause its reaction at 6:53 to not 
turning on the boiler with PA = 3 kW but with PA = 2 kW. 
Such action would extend the operation of the boiler. At 
7:09 the EMA again increased the boiler capacity to 3 kW. 
After turning on the washing machine at 7:15 EMA reduced 
the boiler power to 1.5 kW, by 7:19 increased to 2 kW; and 
at 7:24 turned off the boiler due to the air conditioner being 
turned on. After the air conditioner turned off automatically, 
the boiler has beem turned on again at 7:29 with PA = 3 kW 
and turned off at 7:32 due to the lower PWT power 

generation with the washing machine still running and the 
kettle turned on. The next action of the EMA has been at 
14:06. When turning on the kettle, EMA reduced the boiler 
power from 5 kW to 2 kW, and after turning off the kettle at 
14:09 the boiler power has been increased to 5 kW. At 
14:13 the boiler has been turned off by the EMA because 
the air conditioner has been turned on and it turned off 
automatically at 14:20. The EMA then turned on the boiler 
with PA = 5 kW again, and after 1 minute it turned off 
automatically. At 16:16, with the air conditioner and the 
EMA kettle on, he changed the boiler power from 5 kW to 3 
kW for a period of 1 minute. As a result of the above EMA 
actions, in case 4, the final profit for the household (Tab. 2) 
was higher than in case 3 by 3.93% (0.27 €).  

In case 5 (Tab. 2), between 6:00 and 24:00 there has 
been a large power generation by WT (PWT > Ph) which 
resulted in no EMA operation for tz = 2. Moreover, a high 
profit (16.35 €) has been achieved in the analyzed 
household. 

 

 
Fig. 3. Illustration of EMA operation for case 4 
 
Summary 

The obtained results from simulation studies shows that 
the developed EMA concept makes it possible to optimize 
the usage of the energy generated by WT, which transfered 
into the costs of energy used in the household. This effect 
has been obtained by introducing an additional condition (4) 
in the optimization process, ensuring the best possible 
usage of the power generated by WT (PWT) to power smart 
household appliances and improving the comfort of using 
these appliances by the user. The introduction of specific 
priority values for individual appliances in the optimization 
process also affects the achievement of the greatest 
possible user comfort in using the appliances.  

An additional effect of EMA may be the educational 
function in terms of shaping the user behavior profile in 
terms of appropriate activation of household appliances 
when there is the energy generation from RES. 
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