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Abstract
An electric load, production, or storages' flexibility on the electricity demand side can be advantageous. When power generation fluctuates with 
daily varying wind and solar power outputs or to enhance power supply security flexibility can be a solution to balance the electric power system. 
As a result, numerous projects on flexibility architecture, market models, economic viability, and the history of flexibility-enabling technology 
investigate the current topic of flexibility. Overall, the goal of flexibility is to provide tools to reduce costs like energy costs, power system investment 
costs, and operational costs. New strategies to reduce electricity costs are encouraged by rising costs. Since autumn 2021, prices in the European 
electricity markets have fluctuated more frequently. For instance, the monthly mean prices on the Nordic power market Nord Pool have increased 
to 140 €/MWh from 60 €/MWh.
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Introduction

The review demonstrates that flexibility issues are examined from a variety 
of angles; however, utility aspects may not be examined in equal depth while 
market perspectives are typically taken from the load aggregator's perspective. 
The study in modelled residential electricity consumption, such as electrical 
heating systems, to consider the effects of flexibility on the low-voltage electricity 
distribution network. However, the primary focus of is on the effects on the 
electricity market rather than a comprehensive analysis of the effects of flexibility 
on electricity distribution networks. Thermostatically controlled loads or plug-in 
electric vehicles are typical flexible loads. The thermostatic residential heating 
loads and the effects of electricity distribution system operator (DSO)-driven 
flexibility are the primary topics of this investigation [1].

Literature Review

A chance to evaluate and implement large-scale residential demand 
response arises from the increased metering of end-user electricity consumption. 
For instance, the introduction of AMR meters in Europe opens up new possibilities 
for flexibility in households. Finland, Italy, and Sweden are good examples 
because, in practice, all places where electricity is used have automatic meter 
reading (AMR) devices that already provide hourly consumption data. The 
evaluation and implementation of flexibility may also be facilitated by technical 
information, such as information about the heating system and other building 
details of the homes. In today's data-driven research problems, machine learning 
techniques are widely used in estimation. When flexibility plays a crucial role in 
the operation of the power system, machine learning can provide new steps for 
active consumption forecasting. One of the machine learning algorithms that is 
currently being studied is reinforcement learning (RL). A number of papers on the 
use of RL in demand response applications in a smart grid were reviewed [2]. 

Agent-based AI algorithms are referred to as reinforcement learning; In 
demand response applications for heating systems or electric vehicles, various RL 

techniques like Q-learning W-learning and Batch Reinforcement learning (BRL] 
have been utilized. Machine learning methods, on the other hand, are not used in 
this study to evaluate the flexibility potential. Since the evaluation of the flexibility 
potential with historical consumption data is the primary focus, the study does 
not consider the machine learning approach to be beneficial. Utilizing electric-
heating-based flexibility for power system balancing presents an opportunity. 
Electricity generates a significant amount of heating energy in Northern Europe, 
particularly in the Nordic nations, which could serve as a reserve for an electric 
power system. The proportion of electricity used in residential heating in the 
Nordic nations [3].

Discussion

According to buildings in Sweden, Finland, and Norway use a lot of electricity 
for heating, indicating a significant theoretical regulation power potential in the 
building's heating capacity. This is also supported by the large number of single-
family homes heated solely by electricity. These homes have either direct electric 
heating or electric storage heating. Heating systems based on heat pumps use a 
lot of electricity as well, and their share is growing. For instance, ground source 
heating accounted for 12% of the primary heating systems in single-family homes 
in 2016 and continues to rise, primarily decreasing the number of nonelectric 
heating systems. The numbers of the primary heating systems in Finnish single-
family homes in 2016 and 2030 [4].

Flexibility can be used to either reduce or increase the amount of power 
used. Due to the variation in the seasonal need for heating, there is more 
capacity to reduce consumption during the winter in the Nordic countries, and 
there is more capacity to increase consumption during the summer. However, the 
balance of the indoor temperature determines whether houses need to be heated 
or cooled, despite the availability of power. The demand response is based on the 
idea that electricity end-users, like single-family house load points, have flexible 
loads and wants to make money by giving the electricity markets flexibility or by 
using loads at cheap times. A load aggregator, whose operational principles must 
be considered, is another option for aggregating flexible loads [5-7].

The electricity measurements and the flexibility of residential heating 
systems, which are classified as electric heating systems in Finland's national 
building register, serve as the sole foundation for the analyses presented in this 
paper. Hot water boilers' flexibility is not included in this study; however, they may 
have significant flexibility potential. The modeling of excessive heating or cooling 
is yet another aspect that is connected to the utilization of information about 
buildings. Since the model directly affects the flexibility potential, it is an important 
part of the analysis. We used linearized cooling models for buildings based on 
the year of construction in the test analysis, which may have overestimated the 
cooling of the buildings. Additionally, because the cooling models are merely 
broad estimates, their accuracy cannot be particularly high [8].
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The flexibility analyses are predicated on the presumption that the reduction 
in peak load commences at the time of peak load. This refers to the time of day 
when the peak load would occur without the demand response. As a result, peak 
demand prediction, which could have allowed buildings to be heated or cooled 
in advance, was not taken into account. The verification analyses answer the 
question of how much flexibility can reduce peak loads in comparison to current 
loads of electricity. The analysis does not take into account the potential rise 
in loads brought on by brand-new electric devices like electric vehicles. The 
building characteristics and behavior of the electricity end-users in the case 
area are reflected in the numerical results presented in the paper. DSOs can 
also benefit from heating-based flexibility in locations where electric heating is 
common [9,10].

Conclusion

The paper only looks at the possibility of lowering peak loads. However, 
electricity consumers with adaptable loads can also take advantage of this 
flexibility by shifting their loads, for example, to hours when electric energy is 
cheaper. The possibility of a significant increase in electric network loads is a 
concern associated with this. However, this issue requires separate consideration. 
When end-users have a high proportion of electric heating systems, the flexibility 
potential can be high in electric networks. Additionally, the high proportion makes 
flexible resources more readily available, making it easier for DSOs to take 
advantage of demand response.
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