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ABSTRACT 

Electric vehicles are becoming more common which 

increases load peaks in the distribution network, while 

growing amount of micro-generation decreases the 

delivered energy. At present, the distribution pricing is 

mainly based on delivered energy even though the 

dimensioning of the network is based on peak demand. In 

the future, the amount of delivered energy may decrease 

even though peak demand would rise. For distribution 

system operators (DSO), with energy-based pricing, this 

would mean that the business income decreases, and the 

costs increase due to the growing need to strengthen the 

network. For the distribution pricing to be more cost 

reflective, the pricing should be renewed to be partly based 

on peak demand. Due to the above-mentioned aspects, the 

Finnish DSO Elenia Ltd. (Elenia) examined the incentive 

effect of a power-based tariff on its customers’ power 

usage in a pilot project. This paper focuses on the DSO’s 

customers’ willingness and ability to reduce their peak 

powers due to a power-based tariff. 

INTRODUCTION 

Power-based tariff structures and their impacts have been 

studied for instance in publications “Development options 

and impacts of distribution tariff structures”, “Tariff 

scheme options for distribution system operators” and 

“Development of power-based tariff structures for small 

customers and pathway for this change” [1–3]. 

Distribution pricing 

In Finland, DSOs can freely choose their tariff structures, 

but the Energy Authority regulates the total revenue to 

prevent the misuse of a state-controlled monopoly. At the 

moment, small-scale customers’ distribution pricing 

consists of an energy-based charge and a fixed charge 

which, in some companies, is fuse-based. [1] Electricity 

use changes should affect the DSO’s revenues and costs 

similarly. However, most of the DSO’s costs are 

dependent on the peak power. Therefore, the pricing is not 

at the moment cost reflective. [2] Beside the fact that tariffs 

should be cost reflective, they should also be neutral for 

third parties, feasible for practical implementation, 

compatible with third parties’ tariffs, understandable from 

the customer point of view and steer the customer to use 

electricity effectively [1]. 

Piloted tariff structure 

The piloted tariff structure consisted of a fuse-based fixed 

charge and a power-based capacity charge. The capacity 

charge was based on the highest peak power of the month. 

In this context, the highest peak power means the highest 

hourly average power. The monthly price with the piloted 

tariff structure can be calculated as shown in equation 1. 

 

𝐴 = 𝑃𝑚𝑎𝑥𝑐𝑝 + 𝑐𝑓    (1) 

 

where A is monthly price, Pmax peak power of the month, 

cp power charge and cf fixed charge. 

PILOTING OF POWER-BASED TARIFF IN 

ELENIA 

Piloting of Elenia’s small-scale customers’ power-based 

tariff lasted from 1st of January till 30th of June in 2017. 

The customers’ goal during the pilot was to reduce their 

peak powers and to get the power-based tariff more 

profitable for them than their present energy-based tariff.  

Selecting of the pilot customers 

The pilot customers were selected according to certain 

limitations. The customers needed to be more aware of 

their energy consumption than average consumers in order 

to be interested in the pilot and peak power reduction. 

Because of this, the customers were selected from active 

users of Elenia Aina service, a browser-based extranet 

service where customers can observe and compare their 

electricity consumption. From active Elenia Aina users, 

customers with a main fuse size of 3x25A or 3x35A were 

selected. Also, a limitation to customers living in detached 

houses was made since they have a great impact on their 

peak powers because they can control the timing of their 

electric heating. 

 

For the final selection of potential pilot customers, a 

comparison tool was made. With the comparison tool, the 

premises’ energy consumption, monthly peak powers and 

distribution prices with customers’ present tariffs and 

power-based tariff, were compared. In the comparison, one 

year’s consumption data was used. It could be seen that the 

customers whose yearly consumption was less than 

10MWh had such small peak powers that it could be hard 

to clip peaks. Due to this, only customers with a yearly 

consumption of over 10MWh were selected in the 
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potential pilot group. Invitations to participate in the pilot 

were sent to 204 customers selected according to the 

above-mentioned limitations and comparisons. 

Ways to guide the customers to reduce their peak 

powers 

During the pilot period, the customers’ actual distribution 

pricing was based on their present energy-based tariff, so 

the customers did not have a financial risk or benefit of the 

pilot. However, Elenia wanted to provide the customers a 

chance to have a financial benefit of reducing their peak 

powers. In order to do this, a lottery of gift cards with a 

value of 100 euros was arranged among the customers who 

were able to get the power-based tariff more profitable for 

them than their present energy-based tariff. 

 

A comparison web page was made on Elenia Aina service 

to help the customers to observe their power usage during 

the pilot. On the web page the customers could compare 

the distribution prices with their present distribution tariff 

and the piloted power-based tariff. It was also possible for 

the customers to compare their monthly peak powers and 

to set monthly peak power goals. The web page also 

provided a computational power limit the customer had to 

go under in order to get the power-based tariff more 

profitable than their present distribution tariff. 

 

In addition to the comparison web page in Elenia Aina, 

another web page was made to help the customers to 

reduce their peak powers. This web page included advice 

on how small-scale customers could clip peaks and shift 

loads. One advice, for example, was that electric heating 

and boiler should be used at different times. The web page 

also included examples of household appliances and their 

power consumption. 

Customer surveys 

Customers answered surveys before, during and after the 

pilot. In total, there were four surveys. 

 

Initiation survey 

The first survey was sent in December 2016. In the survey, 

the customers were asked background information and 

about their willingness to participate in the pilot. The 

survey was sent to 204 customers and 29% of them 

answered. It included questions about the answerer’s 

background, housing, heating, load control possibilities, 

electricity consumption habits and participation in the 

pilot. 

 

The most common main heating type among the answerers 

was direct electric heating and the most common 

additional heating type fireplace. 54 percent reported 

direct electric heating as their main heating type and 49% 

had a fireplace as their apartment’s additional heating.  

29 percent of answerers had direct electric heating as a 

main heating type and a fireplace as an additional heating 

type. That was the most common combination. 

In the load control possibilities section of the survey, the 

customers were asked which appliances they had as 

shiftable load. The customers could choose many 

alternatives.  As apartment’s shiftable load, 59% stated 

space heating, 19% accumulating underfloor heating,  

67% hot water boiler, 28% air conditioning, 24% electric 

sauna stove, 35% outdoor lighting, and 7.4% something 

else. On average, a customer had two appliances as 

shiftable load. The relative share of the shiftable loads is 

presented in figure 1. 

 

 
Fig. 1. The relative share of the respondents’ shiftable loads. 

 

The customers were asked estimations of the powers of 

their base load and shiftable load. The share of the power 

estimations of shiftable loads is shown in figure 2. As it 

can be seen in figure 2, almost one third of the respondents 

did not estimate the power of their shiftable load. Almost 

half of the answerers estimated that they have more than  

3kW of shiftable load. Based on the answers, an 

assumption could be made that the customers had shiftable 

loads and thereby a possibility to affect their peak powers. 

 
Fig. 2. The relative share of the respondents’ estimates of the amount of 

their shiftable load. 

 

When asking the customers about their electricity 

consumption habits 95% of them answered that they 

actively keep track of their electricity consumption.  

93 percent of respondents told that they would change the 

timing of their electricity consumption if it made their 

electricity bill smaller. Therefore, the respondents were a 

potential test group for a power-based tariff. At the end of 

the survey, the customers were asked if they wanted to 

participate in the pilot. Ten of the customers wanted more 
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information about the pilot before answering but 

eventually 52 of the customers promised to participate in 

the pilot. 

 

Surveys during the pilot 

The first survey during the pilot was sent at the end of 

January and the second one at the beginning of April 2017. 

The surveys were made mainly to examine which of the 

customers had made actions to reduce their peaks powers 

and what the actions were. The customers were also asked 

if their heating type had changed during 2016 or 2017 

because it may have a great impact on the peak powers. 

Based on the questionnaires, the most active customers of 

each month were found. The response rate in January 

questionnaire was 77% and in April 62%. 56 percent of the 

pilot group answered both questionnaires. 

 

In the survey that was sent in January, there were only 

open questions. The one that was sent in April included 

mainly multiple-choice questions. The answer options for 

the April survey were created based on the answers 

obtained in the January survey. The most common action 

customers stated in the April survey that they had done to 

reduce peak powers was that they had shifted the use of 

household appliances (such as dishwasher and washing 

machine) with high power demand to different times. 47 

percent of answerers had carried out that action. Figure 3 

shows the relative share of the actions made to reduce peak 

powers. 

 

 
Fig. 3. The relative share of customers’ actions made to reduce peak 

powers according to April survey. 

 

The pilot customers’ opinions and experiences were 

researched in the April survey. 59 percent understood well 

how their distribution price is formed with the piloted 

tariff. This means that 41% did not understand it well. 

When asking customers’ opinions of the piloted tariff,  

41% did not have an opinion. Some of the customers said 

that the tariff is interesting but their possibilities to reduce 

their peak powers are low. Someone pointed out that the 

tariff works if it is possible to time electricity consumption 

more precisely. They also mentioned that in newer houses 

the steering and timing technology already exists. Some 

thought that the piloted tariff was expensive and the use of 

it was time-consuming.  One customer mentioned the fact 

that in the summer time power-based tariff is hard to get 

profitable because hot water boiler and electric sauna stove 

are also then causing peak powers. 

 

Final survey 

The final survey was sent to customers at the beginning of 

July 2017. Beside the actions made to reduce peak powers 

and heating type changes, the customers’ willingness to 

use the power-based tariff, was studied. The customers 

were also asked their willingness and terms to give the 

decision of the control of their loads for someone else 

without an effect on their living comfort. 63 percent of the 

pilot group answered in the last questionnaire. 52 percent 

of answerers in May and 49% in June told that they had 

actively tried to reduce their peak powers. By far the most 

common way to reduce peak powers in May and June was 

also to time the use of household appliances with high 

power demand at different times. 

 

Only 27% of the final survey answerers said that they 

would choose the power-based tariff if it was possible. 

Most of them explained their choice by saying that the 

power-based tariff would be more profitable for them than 

their present tariff. 73 percent would not choose the power-

based tariff. Most of them mentioned that it was hard to 

reduce peak powers, and that power-based tariff was more 

expensive for them than their present tariff. 70 percent of 

final survey respondents said that they would be willing to 

give their controllable loads to someone else to control if 

it did not affect their living comfort. Beside living comfort, 

many of the respondents mentioned that they would give 

someone else control of their loads, if it was economically 

profitable for them. Some customers also mentioned that it 

should be unnoticeable and easy for them. 

RESULTS 

In this chapter, the changes in the pilot customers’ monthly 

peak powers, the profitability of the power-based tariff, 

and the influence of temperature in the results are 

discussed. In the previous chapter, it was mentioned that 

the customers were asked if their heating type had 

changed. There was one customer whose heating type had 

changed in a way that influenced the consumption profile 

and peak powers significantly. For this reason, that 

customer is not considered in the comparisons in this 

chapter. Therefore, the size of the pilot group used in the 

comparisons is 51 customers. The peak power changes and 

the profitability comparisons are done separately for the 

whole pilot group and for active customers who were 

chosen based on the surveys. Because the customers 

selected to the pilot were more aware of their energy 

consumption the results might not present the results of an 

average consumer. 

Temperature comparison 

Because the outside temperature affects the peak power of 

a house with electric heating system, the temperatures 

during the pilot months were compared with 

corresponding months a year before. In the Elenia Aina 
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service the customers can observe the daily average 

temperatures measured in the weather station closest to 

their location. From these temperatures, monthly average 

temperatures in every pilot customer’s location were 

calculated, and the lowest daily average temperatures were 

searched. From these location specific temperatures, the 

averages were calculated. They are shown in figure 4.  

 

Figure 4 shows that the temperature in January 2017 was 

not as cold as in January 2016, and February 2017 was 

colder than same month year before. The temperature 

differences during winter months have likely affected 

significantly the peak powers. The average temperatures 

and lowest temperatures in March 2017 were almost the 

same as one year earlier. For that reason, March is the most 

suitable month for comparing the peak powers. Both April 

and June were slightly colder than the previous year. May 

2017 was clearly colder than 2016 because the average 

temperature was even colder than lowest temperature the 

year before. 

 

 
Fig. 4. Average lowest temperature and average temperature from 

January till June in 2016 and 2017 based on the pilot customers’ 

locations. 

Peak power comparison 

The amounts of pilot customers’ peak power changes are 

presented in table 1. The temperature impact can be seen 

in the results in table 1. For instance, in January 84% of 

pilot customers could reduce their peak powers. That most 

likely results from remarkably milder weather than the 

year before. During the most suitable comparison month, 

March 59% of customers could reduce their peak powers. 

 
Table 1. The number of all pilot customers’ peak power changes. 

 
In table 2, the number of active pilot customers and their 

peak power changes are shown. 5.9 percent of the pilot 

group was active the whole pilot period. When comparing 

the active customers’ results to the whole pilot group’s 

results it can be seen that a larger share of them could 

reduce their peak powers in all other months than April. 

 
Table 2. The number of active pilot customers’ peak power changes. 

 
 

During the whole pilot period, the customers who were 

able to reduce their peak powers, reduced monthly peak 

powers on average 0.5kW. Also, the customers, who 

increased their peak powers during the pilot, increased 

monthly peak power on average 0.5kW. The average peak 

power change was negative only in January and March. 

January’s negative change is probably due to the warmer 

January than in 2016. The negative peak power change  

-0.2kW in March results likely from customers’ actions. 

The peak power changes are shown in table 3. 

 
Table 3. The peak power changes of all pilot customers. 

 

 

Table 4. shows the peak power changes of the active 

customers. In March, the active customers had on average 

changed their peak powers by -0.1kW. Most of the 

customers who had reduced their peak powers in March 

had shifted the use of household appliances with high 

power demand to different times. According to the 

customer, that was also the reason for the biggest power 

reduction of 3.1kW in March. 

 
Table 4. The peak power changes of the active customers. 

 

 

During the pilot period, the pilot customers on average 

added their peak powers 0.1kW which is 0.9%. For the 
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active customers the corresponding values were 0.1kW 

and 1.4%. Even though the customers occasionally could 

reduce their peak powers during the whole pilot period the 

peak powers on average increased. Figure 5 presents pilot 

customers’ average peak power changes during the pilot. 

It can be seen that the customer specific peak power 

changes varied a lot. 

 

 
Fig. 5. Pilot customers’ average peak power changes during the pilot. 

Profitability comparison 

During the pilot period, the power-based tariff would have 

been more profitable than their present tariff for 20% of 

the pilot customers. From those customers 60% told that 

they had done actions to clip peaks but only 50% had been 

able to reduce their peak powers. On a monthly level, for 

a greater part of customers the power-based tariff was 

more profitable during winter than summer months. 

 

Figure 6 shows that for the customer, whose price 

increased the most during the pilot period, would have had 

to pay 70% more with the power-based tariff than with the 

energy-based tariff. The biggest price reduction by 

changing to the power-based tariff would have been 18%. 

The price difference during the pilot was 11% on average. 

During the corresponding months in 2016, the range was 

smaller. In that case, both the highest price increase and 

decrease would have been 22% and the average price 

difference 3.5%. 

 

 
Fig. 6. Pilot customer specific price differences from January till June in 
2016 and 2017 with power-based tariff compared to present tariff. 

CONCLUSIONS 

Based on the results, it can be said that the customers’ 

possibilities to affect the distribution charge by reducing 

their peak powers with their own actions are limited. The 

most common way to reduce peak powers among the pilot 

group’s customers was using appliances with high power 

demand at different times. In a longer time period, the 

customer’s own peak power reduction actions may not be 

enough to compensate the peak power increases caused by 

temperature changes. To clip their peaks, customers would 

need automation and real-time metering. 

 

Many of the customers would be willing to give their 

controllable loads for control of a third party if it did not 

affect their living comfort and they would get financial 

compensation for it. Distribution tariffs should also 

support the customer’s participation in the demand 

response market. Therefore, the power charge should not 

be too high so that it does not limit the profitability of 

virtual power plants. 

 

By comparing the cost-effectiveness of a power-based 

tariff with an energy-based tariff for the customers, it can 

be seen that the power-based tariff is more profitable for a 

customer during winter months. The distribution fee was 

lower with a power-based tariff for most of the customers 

during winter, even without reducing peak powers. 

Therefore, to strengthen the incentive of the tariff during 

winter time, the power charge should be higher during 

winter months. Eventually, the incentive of the piloted 

tariff would need to be stronger to steer the customers to 

reduce their peak powers. 
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