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Abstract 

As the share of weather-dependent generation and the electrification of products increase, 

new challenges arise as supply and demand of electricity becomes more variable and the 

balance between them more difficult to manage. A system where demand adapts to the 

available supply has been envisioned as part of the solution to this problem, and price 

signals that can incentivize such system are under constant development. 

In markets with retail competition, where the distribution and sales of electricity are 

separated, consumers may be faced with multiple price signals. Inconsistencies between 

these signals could in theory distort the incentives for demand response and demand side 

management. We explore this issue by investigating how hourly retail supply contracts 

and time-of-use distribution network tariffs may vary in relation to each other, and how 

appropriate hourly retail supply contracts are to use as a signal for demand response in 

local distribution networks. 

Our analyses show that the incentives for demand response provided by a time-of-use 

distribution tariff counteracts the incentives given by hourly retail supply contracts in a 

substantial proportion of the hours over a year. The extent of this counteraction is more 

severe for consumers who have less possibilities to engage in demand response over the 

course of a day e.g. due to a lack of technical solutions for scheduling their consumption. 

Our results also indicate that the hourly wholesale price of electricity may be 

inappropriate as an incentive for demand response from a local distribution network 

balancing perspective. We conclude that if distribution tariffs and retail supply contracts 

are to properly incentivize demand response they need to be more coherent and better 

reflect the actual situation in the local distribution network. 
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1. INTRODUCTION 

As the share of weather-dependent generation and the electrification of products increase, 

new challenges arise as supply and demand of electricity becomes more variable and the 

balance between them more difficult to manage. A system where the demand side adapts 

to the available supply has been envisioned and portrayed as part of the solution to this 

problem as the demand side should (in theory) have some flexibility that can be used to 

balance an increasingly inflexible supply. 

 

How this potential can and should be realised is however debated. Some argue that the 

demand side should be altered without direct involvement of consumers by a centralised 

operator (commonly referred to as demand side management, DSM) while others argue 

that consumers should be actively involved and encouraged to alter their demand by 

different forms of incentives (commonly referred to as demand response, DR). 

 

Irrespective of which standpoint one has, price signals are an important means to achieve 

an efficient adaption of demand with respect to system stability and efficiency. Reviews 

such as [1], [2] support this claim by showing how pricing strategies as a means to 

achieve DSM and DR have received substantial attention and proven to serve their 

purpose over the past few years. 

 

Depending on the specific market design, the resulting price signals that are or can be 

used as input to DSM/DR activities are different. According to [3, p. 82] “all liberalised or 

market-oriented electric power systems have a centralised wholesale or spot market”. 

However, these markets are liberalised to different extents which gives rise to differences 

in the level of competition between market actors and thus in how the price signals are 

created.  

Electricity market deregulation and competition 

[3, p. 79] distinguish between three broad levels of liberalisation with an increasing 

degree of competition: (i) the single buyer approach, (ii) wholesale competition and (iii) 

retail competition. At the first level, a single actor (usually the transmission network 

operator, TSO) is responsible for purchasing wholesale electricity from competing 

suppliers and selling it on to the end-consumers via its own nation-wide network. At the 

second level, local monopolies (usually distribution network operators, DNOs) purchase 

wholesale electricity and sell it on to their end-consumers via their own local networks 

network. At the third level, the purchases and sales of wholesale electricity is carried out 

by retailers under national competition who are separated from the generation, 

transmission and distribution of electricity, so that any customer can choose to buy 

electricity from any retailer and have it delivered to their home by a separate DNO. 

 

This third, so called structurally separated or vertically disintegrated type of market is 
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favourable in terms of economic efficiency since retail supply contracts are fully exposed 

to competition which should in theory lead to lower prices for consumers. Retail 

competition also encourages innovation in retail pricing and provides consumers with 

choice [4]. Therefore, many countries and regions strive to introduce retail competition.  In 

Europe, retail competition is enforced through directive 2003/54/EC, but the extent of 

competition nevertheless varies between countries [4]. In the US, about 15 states have 

successfully introduced retail competition, while eight have suspended or rescinded it and 

the rest never pursued it [5, p. 3]. 

Potential implications of multiple price signals for demand response 

Although increased competition may bring many benefits it also increases the financial 

complexity within the system as the responsibility of keeping the system functional is 

shared between more actors. In markets with retail competition, each consumer may be in 

a contractual relationship with both a retailer and DNO who may price their services more 

or less independently from each other and with different goals in mind. 

 

A retailer’s price is highly dependent on the wholesale price of electricity and their goal is 

to make a profit on the difference between purchases and sales. The wholesale price is 

determined by the bids and offers of market participants and calculated in an optimal 

dispatch process [3]. These bids and offers are in turn affected by fuel price and 

availability, imports and exports, energy and power balances, weather forecasts, 

competition, market strategies, governmental policies, currency exchange rates, taxes, 

environmental fees etc. [6]. 

 

A distributor’s price on the other hand is dependent on the capital and operational 

expenditures (CAPEX and OPEX) of the local distribution network. Even though the 

profit margin of distributors are regulated due to the monopolistic nature of distribution 

businesses, a distributor usually wants to ensure an efficient use of and investment in the 

distribution network as this is usually rewarded by regulators — e.g. through the energy 

efficiency directive (2012/27/EU) in the EU. 

 

The different rationale behind retailers’ and distributors’ pricing principles results in two 

potentially different price signals to consumers that provide ambiguous incentives for how 

electricity should be consumed. This may have several implications for DR activities in 

markets with retail competition. First, it may introduce an optimization problem where 

consumers need to take two price signals into consideration when striving to minimise 

their costs. Without technology that can take care of this optimization problem for the 

consumer, this might be a challenging task that leads to suboptimal decisions in relation to 

one or both price signals. Secondly, a correct response to one signal may lead to an 

incorrect response to the other, possibly giving rise to unexpected consumption patterns 

for either the retailer or the distributor. 
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This potential issue seems to have received very little attention in the literature. Reviews 

such as [1], [2], [7], [8] that investigate DR/DSM programs such as real-time pricing 

(RTP), time-of-use (TOU), critical peak pricing (CPP) and peak time rebates (PTR) talk 

do not mention the presence of more than one price signal that might affect consumers’ 

decisions to alter their demand. This is possibly due to that many electricity markets are 

still not fully deregulated or lack proper retail competition, which entails that the retail 

and distribution costs are most often integrated into the same tariff – so called integral 

tariffs [9]. Another reason might be that many countries lack the proper metering 

infrastructure required to charge retail consumers based on a time-varying wholesale 

price, whereby the potential issue of discrepancies between retail and distribution price 

signals is less of an issue. 

 

However, in markets where consumers may be faced with two (or more) time-varying 

price signals from different market actors, this may be an issue worthwhile investigating. 

Especially since retail competition and time-varying price signals from both retail and 

distribution are portrayed as necessary (but not sufficient) conditions for DR/DSM. To 

investigate and verify the potential implications for DR decisions of giving several time-

varying price signals to consumers, a case study of the price signals in the Swedish 

electricity market was carried out.  

 

The rest of the paper is organised as follows. Section 2 describes the Swedish electricity 

market and the raw data used in the subsequent analyses. Section 3 provides an analysis of 

how retail and distribution price signals vary in relation to each other. Section 4 provides 

an analysis of the potential implications of using hourly retail price signals for as an 

incentive for DR. Finally, section 5 concludes with the main results, limitations and 

shortcomings of the study, recommendations for further research and energy policies. 

2. SWEDEN AS A CASE STUDY 

Sweden has had retail competition since the market was deregulated in 1996 (SOU 

2002:7) and smart meters have been installed in the majority of consumers due to the high 

costs associated with manual meter readings in the sparsely populated country. The 

presence of standard flat rate contracts (in practice comparable to integral tariffs) — 

where the former retail businesses of the local DNOs automatically become the retailers of 

consumers who have not made an active choice of retail supplier — has decreased from 

about 65 percent in 2001 to about 15 percent in 2016 [10]. 

 

The basis for all retail supply contracts in Sweden is the wholesale price of electricity 

established at the Nord Pool power market, which is a power market jointly owned by 

Nordic and Baltic transmission system operators, serving about 380 companies from 20 

countries [11]. Almost all electricity in Sweden is traded at Nord Pool [12], except what is 

traded bilaterally. The wholesale price of electricity at the day-ahead market is settled for 

four large regions/zones (SE1-SE4) at 12:42 CET for the next day [13], meaning that 
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customers can foresee the retail price for each hour maximum 35 hours in advance (12:42 

until 24.00 the next day).  

 

However, only customers with hourly retail supply contracts have an incentive to care 

about the hourly wholesale prices. Customers can demand hourly contracts as of 1st of 

October 2012 from any of the ~120 retailers on the market, many are still unaware of this 

possibility since it is not actively marketed by the retailers. The most common form of 

retail contract is monthly-average (~45 percent), 1-3 year flat rate (~30 percent), standard 

flat-rate contracts (~10 percent) and “other” contracts such as hourly contracts and mix-

contracts with both fixed and variable parts (~10 percent) [10].  

 

On the distribution side, there are 228 companies delivering electricity to end-customers 

in their respective locality. Most of them charge their customers a flat rate per kWh, a few 

of them charge a flat rate per kWh and/or kW and very few of them charge their 

customers a time-differentiated rate based on kWh and/or kW. 

Scope 

Since hourly retail supply contracts and distribution tariffs that promote an efficient use of 

the network are increasingly promoted by the regulator through recently suggested and 

adopted regulation respectively [14], [15], the analysis will focus on the scenario where 

consumers are faced with hourly retail price signals in combination with TOU distribution 

tariffs. The analysis is further limited to price region 3 (SE3), as this is where the majority 

of Swedish consumers are located as well as some of the distribution companies that apply 

power-based TOU tariffs. 

Data collection 

The wholesale price and consumption data for the SE3 region and the nation, as well as 

consumption data from a local distribution network, was retrieved from Nord Pool [16] 

and the DNO for the three years of 2013-2015. The design of the power-based TOU tariff 

used by the DNO is illustrated in Table 1.  

 

Table 1. The TOU tariff design 

Period Price for the average of the top 5 

peaks in a month incl. 25 percent VAT 

Summer peak (Apr-Oct, weekdays 7 am – 19 pm) 40 SEK (4,3 EUR*) 

Summer off-peak 0 

Winter peak (Nov-Mar, weekdays 7 am – 19 pm) 98,5 SEK (10,6 EUR*) 

Winter off-peak 0 

*1 SEK ≈ 0.108 EUR as of 2016-06-03 

 

The TOU tariff applies to all types of customer types except apartments, however the 

price levels differ a bit for fuses above 25 ampere. Worth mentioning is that the same 
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TOU tariff structure, with small modifications to the price levels and the number of peaks 

used as a basis for billing, is applied by other DNOs as well. In other words, the TOU 

tariff we have chosen to analyse is representative for more than distribution network in 

Sweden. 

3. PRICE SIGNAL VARIATION 

Assumptions 

As the wholesale price constantly varies from hour to hour, assumptions must be made 

about how these variations may be interpreted by a consumer in order to estimate the 

potential mismatch between retail and distribution price signals. In other words, 

assumptions about what at price a consumer it as favourable and vice versa. In practice, 

this might vary between individuals due to both internal and external factors. In this case, 

we assume that consumers are concerned with the relative price level over the course of a 

day, and thus that all hours with a wholesale price above the average for the current day 

(24 hours) is interpreted as a signal to reduce consumption, and vice versa. 

 

As explained earlier, consumers may plan their DR in response to the wholesale price 

maximum 35 hours in advance. However, many different factors affect the ability to 

engage in DR in practice, such as working hours, eating and sleeping habits, the 

availability of technical solutions for scheduling consumption etc. Some consumers, such 

as those with access to technologies such as programmable dishwashers, washing 

machines, heat pumps and air conditioners might find it reasonable to shift their 

consumption within the 35-hour span, while consumers without these may be limited to 

the hours where they are at home and awake. To include more than one possibility, we 

look at the three scenarios given in Table 2. 

 

Table 2. DR scenarios of analysis 

Scenario DR is possible: 

1 All the time 

2 During waking hours 

3 During waking hours while not working 

 

With “DR is possible” we mean that it is during this time that consumers care about and 

try to interpret price signals. Waking hours are defined as 8 am to 12 pm, since more than 

75% of Swedes are asleep after 12 pm and the average sleeping time is just below 8 hours 

[17]. Working hours are assumed to start 1 hour after wake-up time and continue for 8 

hours during weekdays, as this is the average working time for Swedes [17].  

Analysis 

Figure 1 illustrates how the price signals may vary in relation to each other under the 

assumptions laid out above (scenario 1) for a randomly selected weekday.  
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Figure 1. The variation of the wholesale price around its daily average in relation to the TOU distribution 

tariff for a random weekday under scenario 1. 

 

Green (negative) bars indicate that the wholesale price is below the daily average and that 

a consumer interprets this as a signal to increase its consumption, while red bars indicate 

the opposite. The green (off-peak) and red (peak) blocks in the background illustrate the 

TOU distribution tariff. Similarly, green blocks signal to the consumer to increase its 

consumption, while red blocks signal the opposite.  

 

Using this logic, we can see that the price signals sent from the retailer (wholesale price) 

and the distribution company (TOU tariff) contradict each other in some hours of the day, 

i.e. green bars overlap red background and red bars overlap green background. The extent 

of this contradiction was analysed over the full period of analysis, assuming that DR 

decisions can be made 24/7. The results are presented in Figure 2. 

 

 

Figure 2. Percentage of hours that the retail and distribution price signals contradict each other.  

 

As we can see from Figure 2, the wholesale price and TOU tariff send the same type of 

signal (“consume” / “consume” or “do not consume” / “do not consume”) to the customers 

71,3 percent of the hours over the three year period (green solid area). In the rest of the 
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hours, the signals contradict each other (orange striped area and red dotted area).  

 

This analysis does however not take into account how much the price signals contradict 

each other when they do, which is a factor that might affect a consumer’s DR decision. 

Analyses of the wholesale price’s absolute difference from its daily average in each of the 

contradicting hours were carried out to shed some light on this for each of the scenarios. 

To exemplify the differences, histograms are shown for scenario 1 and 3 in Figure 3 and 

Figure 4 respectively, while the full analysis is summarized in Table 3. 

 

 

Figure 3. Histogram over the absolute wholesale 

price’s difference from its daily average during all 

of the contradicting hours (excluding 28 hours with 

differences > 60 %) under scenario 1. Each bar is 

2.5 percent wide. 

 

Figure 4. Histogram over the absolute wholesale 

price’s difference from its daily average during all 

of the contradicting hours (excluding 28 hours with 

differences > 60 %) under scenario 3. Each bar is 

2.5 percent wide. 

 

Table 3. Wholesale price’s difference from its daily average under the three scenarios 

Difference 

from 

daily 

average 

Scenario 1) 

DR is possible 

24/7 

Scenario 2) 

DR is possible 

during waking 

hours 

Scenario 3) 

DR is possible during 

waking hours while not 

working 

0-5 % 4279 h (56.7 

%) 

3443 h (50.3 %) 2784 h (48.2 %) 

5-10 % 1797 h (23.8 

%) 

1913 h (27.9 %) 1605 h (27.8 %) 

> 10 % 1468 h (19.5 

%) 

1490 h (21.8 %) 1388 h (24.0 %) 

Mean 6.65 % 6.92 % 7.31 % 

Total (N) 7544 h (100 

%) 

6846 h (100 %) 5777 h (100 %) 

 

What we can see from this analysis is that the wholesale price’s difference from its daily 
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average under scenario 1 is in the range of 0-5 percent about half of the contradicting 

hours, 5-10 percent in about a quarter of the hours and above 10 percent in about a fifth of 

the hours. However, as our assumptions about when consumers can engage in DR become 

more conservative (scenario 2 and 3), the number of hours with larger differences actually 

increase. In other words, consumers who have the possibility to interpret the price signals 

and engage in DR less of their time, are more exposed to contradictory signals from retail 

and distribution. 

4. THE HOURLY WHOLESALE PRICE AS A SIGNAL FOR DR IN A LOCAL 

DISTRIBUTION NETWORK 

As pointed out in the introduction, the differences in how retailers and distributors price 

their services may result in two different price signals that provide different incentives for 

how electricity should be consumed. In the previous section we explored the first potential 

implication of this. We will now continue to explore the second potential implication, i.e. 

if a correct response to one actor’s signal may lead to an unexpected response for the 

other. 

 

As it is argued that competitive wholesale markets produce the most economically 

efficient price signals that both reflect the market value of consumption and provide the 

right incentives for correct investment decisions [3], [4, p. 15], we will focus our analysis 

on how the wholesale price reflects the need for DR in a local distribution network. 

 

If the wholesale price is to provide the correct incentive for DR in a local distribution 

network, it should be high at times of high demand and vice versa (assuming that a 

smooth consumption profile is desirable). To investigate if this is the case, analyses of the 

relationship between the wholesale price and the consumption in the local distribution 

network was carried out. The first analysis of the relationship in each hour over the three 

year period is shown in Figure 5. 

 

 

Figure 5. Scatter plot of the wholesale price in relation to the consumption in a local distribution network 
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for each hour (N = 26283). The straight is a linear regression line with its equation shown above. 
 

From this analysis we can see that there is a rather large spread around the regression line, 

indicating that the wholesale price does not always reflect the demand in the local 

distribution network very well. The coefficient of determination (R2) suggests that 10.7 

percent of the variation in the consumption can be explained by the wholesale price  over 

the three year period. This suggests that the wholesale price may not be very appropriate 

as a signal for DR in the local distribution network.  

 

Since the wholesale price may vary substantially over a year while consumers only have 

access to and can adapt to the price day by day, an analysis of the relationship between the 

wholesale price and consumption in the local distribution network day by day (24 hours) 

was also carried out. The results are illustrated in Figure 6 and Figure 7. 

 

Figure 6. Histogram over Pearson’s correlation 

coefficient (r) between the wholesale price and the 

consumption in the local distribution network day 

by day (N = 1095). Each bar is 0.05 units wide. The 

red vertical line shows the critical value for r 

(0.404) at p<0.05 (df = 22). 

 

Figure 7. Histogram over the adjusted coefficient of 

determination (R2) resulting from a linear regression 

between the wholesale price and the consumption in 

the local distribution network day by day (N = 

1095). Each bar is 0.05 units wide. The red vertical 

line shows the mean value of R2. 

 

This analysis indicates that the relationship between the wholesale price and the 

consumption in the local distribution grid varies quite a lot from day to day. For most of 

the days, the wholesale price and the consumption seems to correlate quite well, while for 

some of the days the correlation is very poor. The same can be said for the proportion of 

the consumption that can be explained by the wholesale price. 

5. CONCLUSIONS 

In this paper we set out to explore the theoretical implications for consumers’ DR of 

having two separate time-varying price signals — one from the retailer and one from the 

DNO. Our analysis of how the price signals vary in relation to each other showed that the 
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price signals give ambiguous messages about whether to engage in DR or not in 28.7 

percent of the hours over a three year period. Further in-depth analyses of these hours 

revealed that the contradictions between the price signals increase as the number hours 

consumers have the possibility to engage in DR decrease. In other words, the price signals 

are more ambiguous under the hours when consumers generally are awake and at home. 

 

Further analyses explored the appropriateness of the hourly wholesale price as a signal for 

DR in a local distribution network. The results showed that only 10.7 percent of the 

variation in the consumption could be explained by the wholesale price over a three year 

period, suggesting that the wholesale price may not be very appropriate as a signal for DR 

from a distribution network balancing perspective. Additional analyses revealed that this 

varies substantially over time. 

 

Further research should be aimed at exploring/verifying the real world implications of 

these findings, e.g. how consumers interpret wholesale price levels and the ambiguity 

between retail and distribution price signals in reality. Simulations could also be used to 

estimate what the implications would be for the retailer and distributor if consumers 

would respond to the price signals of one or the other in situations where they are 

ambiguous. Studies of other type of retail and distribution price signals’ relationship could 

also help in understanding what type of tariff structures that might be more beneficial in 

terms of sending the right signals for DR. Similarly, case studies of the situation in other 

countries would be useful to understand the scope of these potential issues on an 

international level, especially when more countries are moving towards retail completion.  
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