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Abstract 
 
The increasing share of renewable energy sources is likely to lead to price effects in Nordic 
electricity market, resulting especially in increased volatility of spot and imbalance prices. 
The greater price volatility and amount of required balancing power increase the need for 
Demand-Side Management (DSM) in the electricity market and may as well increase the 
financial benefits of DSM participants. In this research I study the DSM in electricity mar-
ket and evaluate how large the financial benefits of DSM participants could be. Monte 
Carlo simulation method is used to simulate imbalance prices with different volatilities 
for Finland and Sweden. The results show that increasing volatility may in some cases 
lead to substantial cost savings and additional revenues for the DSM participants. The 
revenues are higher in Finland compared to Sweden due to higher volatility of prices in 
the Finnish balancing power market. Lower threshold price (i.e. the lower opportunity 
cost of shifting or adjusting electricity demand) and higher flexible load capacity will in-
crease the revenue obtainable from the DSM participation. However, there is a feedback 
effect, since the more DSM programs there are in the market, the less volatile the prices 
are likely to be. The magnitude of this effect, as well as that of the rebound effect (i.e. 
increased demand due to lower prices), is hard to quantify. If these feedback effects are 
large, cost savings and additional revenues for the DSM participants may be considerably 
smaller than what is documented in this study. I also discuss other limitations of the study.  
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1 INTRODUCTION 

 

1.1 Motivation 

 
Electricity is a very specific commodity compared to many other commodities. 
With existing technology, electricity cannot be stored properly and this leads to 
heavy spikes in the market price of electricity. The widespread electricity price 
spikes lead to heavy-tailed distributions of returns and high volatility in market 
prices (Weron, 2007.) While the daily standard deviations of returns on securities 
such as treasury bills, oil commodities and very volatile stocks vary from 0.5% to 
4%, electricity can exhibit extreme volatility – up to 50% (Weron, 2005.) 

In 2015 between November 6th and 23rd the Finnish national power system 
went to its limits and the output capacity of power almost ran out in Finland. 
This occurrence led to an unusual situation in the electricity market and the im-
balance price of electricity reached 3000€/MWh on the morning of January 22nd, 
while the average market price during 2015 had been 36€/MWh.   

In the grid system the load i.e. demand and the generation i.e. supply of 
electricity need to be constantly equal and major inequality in this equipoise will 
lead to power outage (Zhang et. al., 2015.) Hereby, it is extremely crucial that the 
supply will meet the demand continuously. The above-mentioned extreme situ-
ation in the electricity market will lead to high costs for all users. It is also costly 
for the national economy, as the need for expensive and new generation, trans-
mission and distribution equipment will increase to meet these peaks in demand 
(Energy Advantage, 2010.) 

How can national transmission system operators (TSOs), responsible for the 
load-generation management in the power system, eschew this kind of occasions 
in the future? Vande Meerssche et al. (2012) list three solutions to balance load 
and generation. One solution is to insert flexible generation to the system, but the 
trend has actually been the opposite lately. Renewable sources of electricity pro-
duction have increased rapidly since the governments globally have announced 
subsidies for renewable energy production. This increase has resulted in a market 
situation where the market price of electricity has fallen down to an all-time low1. 
The low prices have induced shutdowns of unprofitable coal power stations. 
Sweden is planning to shut down two of its nuclear plants by the year 2020 (Hok-
kanen & Ollikka, 2015; Kopsakangas-Savolainen & Svento, 2013). The second so-

                                                 
1 Market price in the Nordic countries is driven by many factors, such as hydrobalance, marginal cost of 

coal and demand and supply. Hence, renewable energy sources are just one reason affecting the market 

price. 
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lution is the utilization of energy storage. Batteries will revolutionize the electric-
ity market once the technology will reach the required level to manage the load-
generation balance. Currently, with the existing technology, electricity is a non-
storable commodity but the development of battery energy storage systems has 
recently evolved tremendously (Zhang, et. al. 2015). The third solution is called 
demand-side management (DSM), also known as Demand Response (DR) in the 
literature. DSM is a method of balancing load and generation (for instance Paulus 
& Borggrefe, 2009; Braithwait & Eakin, 2002) and will be further discussed in 
chapter 3. 

In this thesis the focus will be on DSM. In economics price elasticity of de-
mand refers to the percentual change in the demand divided by the percentual 
change in the price of the commodity (Marshall, A. 1890.) In the electricity mar-
kets the concept of price elasticity works as a framework for DSM. DSM denotes 
transferring electricity consumption from hours of high load and price to a more 
affordably priced time, or temporarily adjusting consumption for the purpose of 
power balance management (Fingrid, 2016b.) 

 Scientists estimate that by 2050, greenhouse gas emissions (GHG) need to 
be reduced by 50% to avoid the worst-case scenarios of climate change. Demand-
side management is a relevant topic in the perspective of European Energy Di-
rective objectives as well. The European Council has emphasized the requirement 
to increase energy efficiency in the European Union to achieve the objective of 
saving 20 % of the Union’s primary energy consumption by 2020. (Directive 
2012/27/EU, 2012).  

 

1.2 Research questions 

The objective of this thesis is to address the following research questions: 
 

 What is the effect of the increasing share of intermittent renewable energy 
sources (RES) and DSM on the price volatility in the Nordic electricity 
market (literature review)? 

 What is the effect of increasing price volatility on the financial benefits of 
DSM in the Nordic electricity market (simulation study)? 

 
In this thesis, the financial benefit of DSM refers to the revenue that an elec-

tricity end-consumer (or producer) offering its flexible electricity load capacity to 
the market will gain if it is able to shift or shed its electricity consumption from 
hours of high load and price to more affordable priced hours. Electricity end-
consumer can offer its flexible load capacity to the market in the interest of 
achieving costs savings and possibly gaining additional revenue in addition to 
its current business operations.  
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The scope of the simulation study is limited to Finnish bidding area (FI) and 
to four Swedish bidding areas (SE1, SE2, SE3 and SE4) in the Nordic electricity 
market. The Nordic electricity market is divided into different bidding areas ge-
ographically and the rationale for these areas will be explained later. 

 
 

1.3 Findings and structure 

According to earlier literature, the increasing share of intermittent RES causes 
generation forecast errors and imbalances in national power balances and fur-
thermore increases price volatility. Greater price volatility and the required 
amount of balancing power insert the need of DSM programs. The results of the 
simulation study imply that increasing volatility in the imbalance market prices 
leads to increased revenue to the DSM participants. The revenue is higher in Fin-
land compared to Sweden, as the market volatility of imbalance prices is higher 
in Finland. Evidently, the lower threshold price of electricity and higher flexible 
load capacity will increase the revenue from DSM market. However, earlier lit-
erature substantiates that DSM programs may mitigate the electricity market 
price volatility (i.e. the feedback effect). If there will be more DSM programs in the 
future, the revenue gained from DSM could decrease. The rebound effect (i.e. in-
creased demand due to lower prices), might also have effects on the customers’ 
revenue from DSM. It is hard to quantify how the feedback and rebound effect 
affect the revenue from DSM and how they will settle in relation to each other 
with increasing share of RES in the future. 

The rest of the thesis is outlined as follows. In chapter 2 the overview of the 
wholesale electricity markets is introduced, mainly from the point of view of 
Nordic electricity market. Fundamental determinants of supply and demand as 
well as the effects of renewable energy sources on the electricity market are dis-
cussed. In chapter 3 the concept of Demand-Side Management is engrossed in. 
The description of DSM and the customs how DSM can be used in the different 
sub markets in the Nordic electricity are exhibited. In chapter 4, a simulation 
study covering the potential of DSM in the future in the Nordic electricity market 
is performed, where data, methodology, results and limitations of the study are 
presented. Furthermore, in the conclusion I conclude how different factors affect 
the price volatility and customers’ revenue from DSM. 
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2 OVERVIEW OF THE WHOLESALE ELECTRICITY 
MARKETS 

In this chapter, the different sub markets of the Nordic electricity market are de-
scribed in order to understand the logic and application of demand-side manage-
ment in the Nordic electricity market. Other electricity markets and demand-side 
management globally are briefly discussed in chapter 3. First, I will provide a 
brief history related to the Nordic electricity market. Second, different market 
places of the Nordic electricity market will be gone through. After that, the de-
terminants of supply and demand i.e. the producers and consumers, in the elec-
tricity market will be scrutinized. Eventually, volatility, price shocks and RES in 
the electricity market are studied in as much as those factors assumably affect the 
financial benefits of DSM. 

2.1 Brief history 

Nord Pool is a power market in northern Europe that operates in twelve coun-
tries in all; Finland, Sweden, Norway, Denmark, Estonia, Lithuania, Latvia, the 
Netherlands, Great Britain, France, Germany and Bulgaria. Through Nord Pool 
power market, power can be sold and bought across the countries more effi-
ciently as the transmission of power across the countries has become more com-
mon. Price in the market is determined according to the supply and demand in 
each bidding area (Nord Pool, 2016c).  

Norway was the first country in the Nordic to deregulate its electricity mar-
ket in 1991 by the parliament’s decision. ‘Deregulation” means that the nation is 
no longer running the market independently and competition is liberated. In 
1995 Sweden and Norway formed a joint power exchange, Nord Pool ASA. In 
1995 Finland joined the exchange and five years later the Nordic market became 
fully integrated as Denmark became a participant. Germany, Estonia, Lithuania 
and Latvia joined the exchange in 2005, 2010, 2012 and 2013, respectively. Now-
adays Nord Pool is a Nominated Electricity Market Operator (NEMO), which 
performs day-ahead and intraday coupling of power in the aforementioned 
countries. (Nord Pool, 2016c). 
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2.2 Nordic wholesale electricity market 

The Nordic power market can be divided into four different market places (Fig-
ure 1): 
 

 Financial Market (Nasdaq OMX Commodities or OTC market) 
 

In the financial market, market participants such as electricity end-consumers 
and producers, can hedge or speculate their future price risk of electricity 
through financial products such as forwards, futures and options. 
 

 Day-ahead Market (Spot market) 
 
In the day-ahead market, the market participants can submit their buy and sell 
bids to the market one day before the delivery day. After all bids have been re-
ceived, a market price for each hour for the next day will be published according 
to the demand and supply of the specific bidding area in the Nordic region. 
 

 Intraday Market (Elbas market) 
 
Intraday market is used to balance load-generation forecast errors during the day. 
Intraday market can also be used for speculation. Buy and sell bids can be sub-
mitted to the market at the latest one hour before the delivery hour in question. 
For instance, the increasing share of intermittent wind power has increased the 
need of intraday trading of power, as the production and consumption of elec-
tricity needs to be equal all the time in the system. (Paulus & Borggrefe, 2011). 
 

 Balancing power market 
 
Balancing power market is used to balance the production and consumption dur-
ing the delivery hour in the system. National TSOs manage the balancing power 
markets and pay incentives to the market participants, if they are willing to adjust 
their electricity consumption or production according to the need of whole power 
system. In the simulation chapter, the revenue of these incentives paid by the 
TSOs is studied. 

Figure 1 illustrates the chronological time frame (from the left to the right) 
of what is occurring before and after the delivery of power. The same regularity 
in the power markets can be seen globally; there is a financial market for trading 
financial derivatives and a physical power market, which includes day-ahead, 
intraday market and balancing power market, which is managed by TSOs.  
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Figure 1 Nordic electricity market (Nasdaq OMX, 2016; Fingrid, 2016a) 

 

2.2.1 Financial Market 

In the Nordic power market, participants can do long-term hedging or specula-
tion over-the-counter (OTC) or in Nasdaq OMX Commodities (NOC) market. 
NOC offers trading and clearing of financial commodity derivatives contracts, 
including electricity derivatives. The financial derivatives that are traded OTC 
and in NOC are DS-futures, futures and options. These derivatives do not lead 
to physical delivery of electricity, whereas they are cash-settled in the delivery or 
settlement period, depending on the product. Market is open on weekdays from 
8:00 to 16:00 (CET). In 2015, approximately 900TWh of power was traded in NOC 
and 500TWh in OTC markets. In comparison, the trade volume of German power 
derivatives market was 2537TWh in 2015 (Nasdaq OMX, 2016; EEX, 2016). 

Futures and DS-futures are contracts made by two parties where the parties 
agree to buy or sell a determined commodity, at a specific time with a specific 
price. All the products in the Nasdaq OMX Commodities and OTC markets are 
quoted as XX €/MWh. In NOC, futures differ from DS-futures so that there is 
daily settlement during the trading period. DS-futures are financial contracts 
with a delivery period of either a year, a quarter or a month. Yearly products are 
cascaded into quarterly products and quarterly products are cascaded into 
monthly products. In NOC, futures are financial products with a delivery period 
of either a week or a day. The underlying reference price for financial contracts 
is the Nordic system price, which is the price formed according to the supply and 
demand, disregarding the available transmission capacities between the bidding 
areas, in the Nordic power market. These terms will be discussed in more detail 
in the following chapters. The financial market in the Nordic power market will 
not be dealt with in greater depths as this thesis focuses on topics related to DSM, 
which is linked to the physical power market. (Kalevi, J. et. al. 2015; Nasdaq OMX, 
2016). 
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2.2.2 Day-ahead market 

 
The Nordic day-ahead market, also known as Elspot market, is one of the world’s 
largest markets for trading electricity. In 2015 a total of 489TWh of power was 
traded in the day-ahead market. In comparison, the total power traded in day-
ahead market in German power exchange was 524TWh in 2015 (EEX, 2016.) Li-
quidity, safety and transparency are ensured in the Nordic and Baltic electricity 
market. In the day-ahead market electricity is traded for delivery during the next 
day. The participants can submit their bids, hour by hour, in the trading system 
called DA-web. Participants can submit bids up to 12 days ahead and the gate 
closure of bids for the next day is 12:00 CET. Once all participants have submitted 
their bids, an equilibrium between the aggregated supply i.e. production and de-
mand i.e. consumption curves is established for all bidding areas. Today there 
are 15 bidding areas in the Nordic electricity market that all have a quoted price 
depending on the transmission capacities between the bidding areas. The system 
and area prices are calculated and published approximately one hour after the 
gate closure time. Settlement of all orders in the day-ahead market is based on 
area prices. (Nord Pool, 2016b). 

 Figure 2 presents the price formation for each hour in the Nordic day-ahead 
market. A computer system with an advanced algorithm computes the price for 
each hour, in each bidding area in the Nord Pool, based on the buy and sell bids 
submitted with a specific price (€/MWh) and volume (turnover). Market price 
published for each hour is the point in price axis where aggregated demand and 
supply curve meet. It is common in the Nordic power market that during some 
hours the demand of electricity is extremely inelastic. In Figure 2 the red curve 
represents an inelastic demand. A small change in quantity demanded or sup-
plied will lead to a big change in the market price. For instance, during a cold 
winter day, aggregate demand of electricity increases due to greater heating and 
this will move the demand curve to the right. On supply side, e.g. a breakdown 
of nuclear power plant decreases the amount of supplied power in the system 
and moves the supply curve to the left increasing the market price. The price 
responsiveness of electricity demand will be discussed further in chapter 3. 
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Figure 2 Price formation (Nord Pool, 2016a) 

In Figure 3, the transmission capacities (MW) and bidding areas are de-
scribed in the Nordic power market. In the Nordic power market, there are 15 
bidding areas; one in Finland, four in Sweden, five in Norway, two in Denmark, 
one in Latvia, Lithuania and Estonia. Power transmission capacity varies be-
tween the bidding areas. Different bidding areas ensure that areal market condi-
tion is reflected in the market price. The power will always go from a low-price 
bidding area to a high price bidding area and furthermore the commodity tends 
to move towards area where the demand is the highest. (NordPool, 2016b). 
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Figure 3 Transmission capacities (MW) and bidding areas (Entso-E, 2015) 

 

2.2.3 Intraday market 

Through intraday market, which is also called Elbas market, Nord Pool provides 
continuous intraday trading of physical electricity products across the Nordic re-
gion (Nord Pool, 2016e.) Intraday market functions as a supplement market to 
the day-ahead market and it assists to secure the required balance between the 
supply and demand in the electricity market. The relevance of intraday market 
will increase as the share of intermittent RES is increasing in the world globally 
(Paulus & Borggrefe 2011; Nord Pool, 2016e.) 

Electricity trading capacities2 available for the following day are published 
each day at 14:00 CET and the trading is available until one hour before the de-
livery time. In Elbas market, the lowest sell price and highest buy price will take 
priority. Nord Pool intraday market provides participants a market place to fur-
ther refine their physical electricity positions before final balancing measures are 

                                                 
2 “The maximum amount of energy that can flow from one bidding area to another. The trans-

mission system operators determine the trading capacities for each hour of the day. Capacities 
can thus vary from hour to hour” (Nord Pool, 2016d.) 
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taken by the transmission system operators (TSOs). And importantly, the mar-
kets are open 24/7, 365 days per year. By nature, unpredictable wind power will 
increase the need of intraday trading because the imbalances between day-ahead 
contracts and produced volume often need to be offset. (Nord Pool, 2016e). 

2.2.4 Balancing power market 

The purpose of balancing power market is to manage load-generation stability 
during delivery hour and provide an after market price called imbalance price to 
market. Nordic balancing power markets are managed by national transmission 
system operators (TSO). The Nordic TSOs are Fingrid (Finland), Svenska 
Kraftnät (Sweden), Energinet.dk (Denmark), Elering (Estonia), Litgrid (Lithuania) 
and AST (Latvia). In UK the National Grid is the TSO.).  

In the Nordic electricity market, there are parties in the national grid level, 
that are required to take continuous care of its power balance, i.e. the party must 
sustain a continuous power balance between its electricity production/procure-
ment i.e. supply and consumption/sales i.e. demand. These parties are also 
called balance responsible parties (BRP). Upon signing a balance service agree-
ment with TSO, the BRP purchases the services related to imbalance settlement 
between the BRP and TSO as well as a possibility to participate in the balancing 
power market. Balancing power market is termed as secondary regulating mar-
ket in Sweden. In practice, this is the same market as in Finland, yet termed dif-
ferently. (Fingrid, 2016c; Svenska Kraftnät 2016; Nord Pool 2016e). 

Balancing power market determines the “after market price”, which is 
called the imbalance price. This price can be lower, equal or higher compared to 
the spot price during the hour in question. These imbalance prices are published 
by TSOs usually one to three hours after the delivery hour.  

In balancing power market, BRPs can submit up-regulating and down-reg-
ulating bids to market (Figure 4). As TSOs need to manage the balance of load 
and generation continuously, they need to regulate the market through up or 
down-regulation. Up-regulation refers to the increase in production or decrease 
in consumption. Herewith, the “electricity load holder” sells its electricity con-
sumption or production capacity to TSO.  On the contrary, down-regulation re-
fers to the decrease in production or increase in consumption. Sometimes the 
BRPs aggregate the load volume of different electricity end-consumers and bring 
their total flexible capacity to the market. 
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Figure 4 Regulating bids in the balancing power market 

Up-regulating price is the price of the most expensive up-regulating bid 
used in the balancing power market during the specific hour. However, the up-
regulating price has to be at least the spot price. (Fingrid, 2016c.) Down-regulat-
ing price is the price of the cheapest regulating bid used in the balancing power 
market during the hour in question. However, down-regulating price is at the 
most the spot price. Figure 5 illustrates that if 400MW of up-regulation is needed 
during an hour in question, it will correspond to a price on a vertical axis. For 
instance, let us consider that the “market price”, which is the Spot price, is 
40€/MWh. During that hour there is 400MW up-regulation needed because of 
the wind forecast error in the Nordic area. TSOs need to activate up-regulation 
bids in the market, and the most expensive up-regulating bid, e.g. 500€/MWh, 
will determine the up-regulation price i.e. imbalance price.  

 
Figure 5 Marginal pricing in the regulating market (Jonsson, 2014.) 
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2.3 Determinants of supply and demand 

In principle, the market price of electricity is determined by the supply and the 
demand of electricity. On the supply side, the marginal cost price of coal conden-
sate and hydrobalance are the most significant factors determining the market 
price in the Nordic electricity market. Eventually, electricity price is heavily de-
pendent on the current economic situation. The whole template of the electricity 
price formation can be seen in Figure 6, produced by the market analysis depart-
ment of Enegia Group. 

 A main fundament affecting the market price of electricity is the marginal 
cost price of coal condensate. The reason for this is that the demand curve meets 
the supply curve at the point of marginal cost of coal condensate. The marginal 
cost price of coal condensate is further based on the price of coal and price of 
emission allowance. Furthermore, the two foregoing are determined by the eco-
nomic situation in Europe and in the world. 

 A second main fundament affecting the market price of electricity in the 
Nordic countries is the hydrobalance. Hydrobalance refers to the balance of Nor-
wegian and Swedish hydropower reservoirs. Hydro power forms a major pro-
portion of the Nordic electricity supply. Hence, dry years are affecting the market 
price drastically and increasing the market price and volatility heavily. 

The supply and demand eventually determine the market price of electric-
ity. Determinants of supply and demand are studied more accurately in the next 
chapter. Naturally, the economic situation as a whole is affecting the electricity 
consumption and production majorly. When the economy is booming, the indus-
try is growing and more electricity is needed by the electricity end-consumers. 
During recent years, moderate economic growth has been one major factor keep-
ing the market price low. 

 

 
Figure 6 Fundaments of the electricity price in the Nordic countries (Enegia, 2016) 
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Figure 7 describes the price formation in the Nordic electricity market. It can be 
seen, that the production types with a low production cost, e.g. hydro and nu-
clear power, form the majority of the Nordic electricity supply. Production cost 
of coal power is mainly determining the Nordic system electricity price as the 
demand curve meets the supply curve at that point. 

 
Figure 7 Price formation and production types with different marginal costs in the Nordic electricity 
market (Nord Pool, 2016c) 

 
Demand of electricity in the industry is an essentially derived demand. 

Berndt & Wood (1975) state that firms tend to choose a bundle of inputs, which 
minimize the total cost of producing a given level of output.  The bundle of inputs 
includes energy costs and herewith the demand of electricity is derived from the 
level of production of the end product. Thus, the demand of electricity is an es-
sentially derived demand. 

Production and consumption alternate between the countries in the Nordic 
electricity market (Figure 8). Hydropower is the main source of production in the 
Nordic area, forming almost half of the electricity generation. In Norway, almost 
100% of electricity is generated with hydropower. Nuclear power creates 20% of 
supply in the Nordic countries. Fossil fuels, the use of which is continuously de-
creasing due to energy efficiency target ruled by EED (Directive 2012/27/EU, 
2012), are the third biggest source of electricity supply in the Nordic area. In Swe-
den and Norway there are no fossil fuels generation due to high level of hydro-
power generation, while in Finland, Denmark and the Baltic countries there is 
still approximately 20GWh/a fossil fuel generation in each country. Wind and 
biofuels both have a share of 6% and other generation types have a 2% share. 
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In the demand-side, the residential, commercial and public services take 
over 50% of the total demand in the Nordic area. Industry comprises approxi-
mately 40% of the demand, including pulp and paper industry, metal industry, 
chemical industry and other industries, respectively with shares of 12%, 10%, 5% 
and 13%. Other consumption, and grid losses and energy industry form the rest 
of the demand in the Nordics.   

 
Figure 8 Electricity supply and demand in the Nordic countries in 2013 (Eurostat and international energy 
agency, 2015) 

The supply and demand of electricity also varies seasonally (Figure 9) in the 
Nordic area. The electricity load is higher during the winter and lower during 
the summer because of the temperature differences between the seasons. As seen, 
the demand of electricity decreased in 2008 and 2009 after the financial crisis due 
to decrease of the demand of end products among the industry (derived demand). 
In the Nordic area, nuclear generation is a stable source of supply throughout the 
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year, with merely temporary cuts due to maintenances in the nuclear plants. Un-
like nuclear power, the supply of hydro power varies widely between the seasons, 
being higher during the winter and lower during the summer. 

 
Figure 9 Seasonal electricity supply and demand in the Nordic area 2006 – 2015 (SKM Market Predictor, 
2016) 

A cold and dry winter may possibly lead to decrease in hydrobalance and 
this in its part may increase market price levels and volatility. Also, when the 
construction of Olkiluoto 3 nuclear plant will be completed, it will heavily affect 
the Finnish area price difference compared to System price. Also, it will have an 
effect to market price volatility due to its capability to offer base electricity gen-
eration load in Finland. 

There has also been plenty of discussion related to the nuclear power plants 
in Sweden and coal power plants in Finland. Market price of electricity has come 
so low that it is not affordable to generate electricity anymore with coal or by 
nuclear generation. The removal of base electricity generation capacity may have 
effects on the price and price volatility in the future in the Nordic electricity mar-
ket. Next, I will take a look at the factors affecting the price volatility according 
to the literature. 

2.4 Renewable energy sources and electricity price volatility 

Renewable energy sources (RES), such as wind and solar power, will bring chal-
lenges to load-generation management in the future. For instance, in Germany, 
the target is to produce more than 30% of the electricity through RES by 2020. 
Optimistic analyses estimate that by 2030 approximately 50% and by 2050 as 
much as 80% of the electricity could be provided through renewables in Germany. 
(Paulus & Borggrefe, 2011). In the Nordic countries, power generated with wind 
power has quadrupled in four years (Figure 10). Figures in the vertical axis are 
terawatt hours of produced wind power. 
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Figure 10 Development of Nordic wind power production in the Nordic countries 

RES’ challenge is the unpredictability of the generation that will lead to fore-
cast errors and furthermore to imbalance errors in the grid and highly volatile 
electricity market prices. Paulus and Borggrefe (2009) used a dispatch and invest-
ment model for electricity markets in Europe (DIME) to study how the need of 
balancing power may change in the future. The model can be applied in all EU-
27 countries. The results state that the requirement for positive and negative bal-
ancing power may increase by 33% and 41% respectively by 2020 and 2030 in 
Germany.  

 Batalla-Bejerano and Trujillo-Baute (2016) studied the impact of RES on 
adjustment costs in the Spanish electricity market. They used a time series regres-
sion model and the results indicate among other things that the variability of re-
newable electricity production will increase the need of flexible power capacity 
at the moments when the renewable generation is not available, that is, when it 
is not windy or sunny in Spain. They encourage flexible load holders to look for 
the technical solutions to adjust their electricity usage in response to the electric-
ity market price. 

Vasilj et al. (2016) used a model, which consists of two separate stages cov-
ering production simulation and forecast error simulation in their research. The 
model’s results imply that 204MW of upward balancing power on a yearly level 
is needed in the current share of renewables and 244MW of upward balancing 
power will be needed with the planned increase in renewable generation share 
in Croatia. Taking this into consideration, it may be inferred that there is an ap-
proximately 20% increase in the need of upward balancing power because of new 
installation of RES on a yearly level. 

Ballester & Furió (2015) researched the effect of renewables on the stylized 
facts of electricity prices. In their research, they used a diffusion model to study 
whether RE generation may be behind price volatility or whether renewable 
share volatility may contribute to the presence of price volatility. They found a 
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statistically significant relationship between the renewable share and the occur-
rence of price spikes. However, in their model the estimated parameter value was 
negative, meaning that the increasing share of renewables would decrease the 
probability of positive price jumps. They state that it was a striking result as the 
general belief has been that the increase of renewables will increase the peak 
prices due to their intermittency and other supposed production planning. 

Green & Vasilakos (2010) studied the electricity market behavior with large 
amounts of intermittent generation. In their research, they used hourly wind data 
in their supply function model. The model induced that electricity price volatility 
will increase by 2020 with expected wind generation capacity and demand for 
2020. 

Hellström et. al (2012) researched the factors causing the price jumps in 
Nordic electricity market. In their study, they captured statistical features of elec-
tricity prices with GARCH-EARJI model. The results showed that the structure 
of the market has an important role in whether the price spikes are caused from 
the shocks in demand or supply of electricity. The market structure refers to a 
concept on how far the market operates from the transmission capacity con-
straints. Transmission capacities in the Nordic electricity market were presented 
in Figure 3. For instance, after Finland joined Nord Pool, the market has been 
working closer to capacity constraints and positive price spikes have occurred 
more often since then. 

As discussed, electricity is a very specific commodity as it cannot be stored 
properly with the existing technology. This leads to extreme spikes in the market 
price. Figure 11 shows the imbalance prices, up-regulating and down-regulating 
prices, between January 1st and March 31st 2016 in the Finnish bidding area. As 
seen, balancing power market prices are heavily volatile. For instance, the imbal-
ance price in Finland reached 3000/MWh once and 500/MWh twice this winter, 
while average imbalance price has been approximately 36,5€/MWh during the 
past year in Finland. These types of price spikes are ordinary for imbalance prices 
in the electricity markets globally. 

 

 
Figure 11 Price spikes in the regulating market (FI bidding area) (Fingrid, 2016a) 
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2.5 Distribution of electricity prices 

Many electricity-pricing models assume that electricity prices follow log-normal 
distribution, and hence, the prices follow the normal distribution (Guth and 
Zhang, 2007.) Many other distributions fit the electricity price data much better 
but electricity prices do not follow any single distribution perfectly. According to 
Guth and Zhang, the three distributions that best fit the electricity prices are In-
verse Gauss distribution, Log-logistic distribution and the Pearson 5 distribution. 
Weron (2007) argues that Alpha-Stable distribution yields the best fit for Nord 
Pool electricity prices. Alpha-Stable distribution includes four parameters: α ∈ (0, 
2] — stability parameter, β ∈ [−1, 1] — skewness parameter, c ∈ (0, ∞) — scale 
parameter and μ ∈ (−∞, ∞) — location parameter, while lognormal distribution 
includes only two: mean and standard deviation. (Guth & Zhang, 2007; Weron, 
2007) 

Electricity wholesale market prices differ a lot from the fixed retail price 
offered to the end-users. In Figure 12 this is presented during summer period in 
the US. The vertical axis describes the electricity price in $/MWh and horizontal 
axil refers to hours, which each have a quoted price during the summer period. 
The black curve describes the wholesale costs for a utility and the dashed line 
represents the fixed retail price for end-consumers. Approximately 75% of the 
time, the wholesale electricity prices are below the retail prices. Hereby 75% of 
the time, the wholesale electricity purchase costs are lower compared to the rev-
enue from the end-users for utilities. However, 25% of the time, the wholesale 
costs exceed the retail prices. This often happens by a factor of two or three and 
is a traditional market inefficiency problem with the fixed retail prices in the elec-
tricity markets. If the retail prices could vary with the real time pricing (RTP), the 
demand could respond to the prices of electricity and thus lower the price spikes 
in the electricity markets. (Braithwait, 2013). 
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Figure 12 Distribution of hourly wholesale market prices vs. fixed retail price in USA (Braithwait, 2003) 
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3 ECONOMICS OF DEMAND-SIDE MANAGEMENT 

3.1 The description of demand-side management 

Behrangrad (2015) divides DSM into the two following parts.  
 

• Energy efficiency (EE) 
• Demand Response (DR) 
 

Energy efficiency (EE) refers to the actions that make energy usage more 
effective and decrease the energy usage, whereas demand response (DR) refers 
to the change in the energy usage patterns in response to the electricity market 
prices. Arguably DR is the object of interest in this thesis and EE actions are not 
taken into consideration. In DR, when load shifting and load shedding take place, 
the aggregated demand for power will change. According to Paulus and 
Borggrefe (2009) these alterations are termed as Peak Shaving and Valley Filling. 
They state: 

 
• “Peak Shaving: Total load is reduced during hours of high spot power 

prices (i.e. peak hours). The reduced load is either shedded or shifted to a later 
point in time.” 

• “Valley Filling: Load which was shifted from a period of high spot power 
prices is recovered and increases aggregated demand during hours of low spot 
prices (i.e. off-peak hours).“ 

 
According to the Finnish TSO, Fingrid (2016b), Demand-side management 

is described as shifting electricity consumption from hours of high load and price 
to a more affordably priced time, or temporarily adjusting consumption or pro-
duction for the purpose of power balance management. Usually electricity mar-
kets and TSOs offer incentives to the participants of Demand-side management.  
Demand-side management will be highly needed in the future as the share of 
inflexible production, such as nuclear power and renewable energy (eg. wind 
power) increases. In Finland, loads of heavy consuming industries, such as pulp 
and paper industry and metal industry act as a reserve for maintaining the power 
balance in the system. Participating in DSM can at first require investments from 
the companies, but can provide cost-savings and possible additional revenue in 
the long run. Alleged aggregators, i.e. companies that aggregate small sources of 
consumption and production into one larger entity, can participate in the differ-
ent market places of DSM and herewith utilize the load flexibility of smaller ac-
tors who could not participate in DSM otherwise. (Fingrid, 2016b). 
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3.1.1 Price elasticity of electricity demand 

Price elasticity Ed refers to the percentual change in the demand divided by the 
percentual change in the price of the commodity.  

 

(3.1) 𝐸𝑑 =  
% 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

% 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑟𝑖𝑐𝑒
 

  
A common question in the literature appears to be, how price-elastic is the 

demand for energy? Kilian (2007) performed bivariate regression model to re-
search the price-elasticities of different energy forms (Table 1). Heating oil and 
coal tend to have the highest respond, while electricity holds only –0.15 price 
elasticity, which can be considered to be remarkably low. Hence, if electricity 
market price decreases by 50%, the change in electricity consumption will only 
increase by 7.5%. Customers i.e. the end-users of electricity are not easily partic-
ipating the DSM as changes in electricity price only modestly change the con-
sumption patterns. Energy price shocks have impacts on the economy. A natural 
baseline is that end-users should change consumption patterns in response to 
energy prices, since higher energy prices decrease the discretionary income with 
high-priced energy bills. (Kilian, 2007).  
 
 

Table 1 Energy price elasticities in the US 1970 - 2006 

 
 

3.1.2 Economic logic behind the demand-side management 

The profit of a firm is equal to its total revenue TR extracted by total costs TC. A 
firm maximizes its profit at a level where marginal revenue MR equals to mar-
ginal cost MC. For a firm, there is cost saving potentials, if they are capable to 
react to price signals from Spot, Elbas or balancing power markets. According to 
Paulus and Borggrefe (2009) load is shedded or shifted as soon as marginal utility 
MU generated by a specific industrial process is exceeded by its marginal cost 
MC(p). Hence, when the imbalance price of electricity exceeds the marginal util-
ity of industrial process, the end-consumer should shed or shift its electricity con-
sumption in the Nordic electricity market. Many times the main variable affect-
ing the cost of end product is the price of electricity p=MO(x), where MO is the 
merit order supply curve for the power spot market and x is the amount of power 
supplied. (Paulus and Borggrefe, 2009). The merit order supply curve for spot 
market can be seen in Figure 2. 

Total Energy Consumption -0,45

Electricity -0,15

Gasoline -0,48

Hearing Oil and Coal -1,47

Natural Gas -0,33
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In electricity market, a small decrease in the demand can lead to a big de-
crease in the generation cost and therefore also to a decrease in the wholesale 
market price as described below (Figure 13). For instance, a 5% reduction in the 
demand could have led to 50% decrease in the electricity price during the elec-
tricity crisis of California in 2000 – 2001 (Braithwait & Eakin, 2002.) If there is no 
DSM available in the market, the demand curve is in a vertical position and de-
mand will not respond to market prices as seen in Figure 13.  

 
Figure 13 Simplified effect of DSM in the electricity market (Albadi & El-Saadany, 2008) 

Usually the price-demand curves of commodities are non-linear. In Figure 
14 the price elasticity around PO ,QO is described. The end-user demand sensitiv-
ity to the price can be calculated by (E = ΔQ/ΔP). At point PO ,QO the demand is 
unit elastic. With higher quantity and lower price end-user demand sensitivity 
increases and in contrast, with lower quantity and higher price sensitivity it de-
creases. Herewith, when electricity price is high, a small change in consumption 
affects the price remarkably. 
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Figure 14 Price elasticity around (PO ,QO) (Albadi & El-Saadany, 2008) 

3.1.3 Benefits to the economy 

According to Albadi & El-Saadany (2008), DSM programs can improve elec-
tricity system reliability and reduce price levels and volatility. In their research, 
they used optimal power flow formulation to simulate electricity prices. They 
state that benefits of DSM are e.g. capacity increase, avoided infrastructure costs 
and reduced outages in power system. Borenstein et al. (2002) explored in their 
article that assumed outcome of DSM programs in electricity systems are im-
proved system reliability and increase in overall economic efficiency. The effects 
of DSM on price level and volatility will be explored more in chapter 3.2. 

DSM has cost-saving benefits for the economy in a day-ahead wholesale 
electricity market. This is conceptually illustrated in Figure 15 (representative 
hour in a day-ahead market). Let Qnormal illustrate the demand of electricity on a 
normal day. On a cold winter day in the Nordic area, the total demand of elec-
tricity rises greatly, hence let the Qhigh represent the demand on a cold winter day. 
Herewith, the wholesale market price will rise to Phigh without DSM in the market. 
In other words, Qhigh and Qnormal are unresponsive demands when customers face 
fixed retail prices, while the demand curve labeled DemandDSM represents the 
price responsive demand. If a company can offer load curtailments to the market 
through DSM program, then the aggregate demand is shown as a sloping de-
mand curve DemandDSM and the total quantity demanded decreases to QDSM, and 
the wholesale market price will set at PDSM. The cost-saving benefit of DSM is 
presented in the green area from the economy’s perspective. 
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Figure 15 Economic benefits of DSM (Braithwait, 2005) 

3.2 The rebound effect and volatility mitigation 

In the framework of DSM, a secondary effect called rebound effect arises. Accord-
ing to Greening et al. (2000) the rebound effect will lead to increase in consump-
tion, due to decrease in the price of energy, which was gained through DSM. 
Pursley (2014) terms the rebound effect failing to account for changes in con-
sumer behavior. DSM programs usually make purchasing energy less costly, 
which will lead to improvement in consumer’s welfare and furthermore can re-
sult in taking the form of increasing the amount of energy consumed by end-
consumers. Azevedo et. al. (2013) divide the rebound effect into substitution ef-
fect and income effect. Substitution effect refers to gain in efficiency in an energy 
service that leads to a shift into more consumption, whereas income effect refers 
to the energy cost savings, which can be used for greater consumption overall, 
also in goods and services. 

 In this thesis, in addition to the rebound effect, I am interested in how DSM 
affects the market price volatility. As the increasing share of renewables and the 
lack of flexible generation lead to increased price volatility in the market, there 
will be more need for DSM programs. However, there is a negative relation be-
tween inserted DSM and the price volatility (Figure 16). In literature, it is mostly 
agreed that DSM and price elasticity will decrease the price volatility in the mar-
ket (i.e. the feedback effect). Borenstein et al. (2002) state that it is hoped that DSM 
facilitated by the market design is a key factor to mitigate price volatility in the 
wholesale electricity markets and reduce average energy prices for all customers. 
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Albadi and El-Saadany (2008) used an optimal power flow formulation to simu-
late electricity prices in their study. The results indicate that DSM will result in a 
reduction in market price volatility.  

Feuerriegel & Neumann (2014) studied the financial impacts of demand re-
sponse for electricity retailers. They used a mathematical model to optimize rev-
enues for electricity retailers in their research. The results implied that retailers 
can cut both hourly peak expenditures and reduce the electricity procurement 
cost volatility by 12% through participating in DSM. In other words, participating 
in DSM programs led to price volatility decrease according to their research. 

 
 

 

Figure 16 The feedback effect - correspondence between DSM inserted in system and price volatility  

 

 

3.3 DSM in different market places 

At the moment, companies can participate in DSM in eight different market 
places in Finland. Next, I will explore the following three market places that are 
common for both Finland and Sweden: day-ahead market, intraday market and 
balancing power market. However, the simulation study in the simulation study 
chapter will only comprise the imbalance prices (balancing power market). 
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Table 2 DSM requirements in different market places in Nordic electricity market 

 

3.3.1 Day-ahead market 

DSM allows electricity customers to adjust electricity consumption or production 
in response to day-ahead market prices. Operating in the Nord Pool Spot market 
requires an agreement with Nord Pool.  

The properties of DSM in the day-ahead market in Nord Pool are described 
in Table 2. In day-ahead market, customers can submit buy and sell bids to the 
market the day before. Prices will be published approximately at 13:00 (CET) and 
thus participants will have at least 12 hours to response to the prices. Participat-
ing in DSM in the day-ahead will furthermore mitigate the different effects of 
RES, such as spot price volatility. (Farid & Youcef-Toumi, 2015). 

 

3.3.2 Intraday market 

 
DSM in the intraday market sets more requirements to the customer, as the acti-
vation time of demand response can be a minimum of 1 hour (Table 2). The flex-
ible load capacity holder (either an electricity consumer or producer) can increase 
or decrease the load during the hour. For example, if the market prices are high 
in the Elbas market due to critical situation in the market, the electricity produc-
tion can be increased and sold to Elbas market with higher price compared to 
Spot price before the delivery hour. 
 

3.3.3 Balancing power market 

In balancing power market, customers can submit up-regulating bids and down-
regulating bids. Each bid is submitted separately and includes price (€) and vol-
ume of load (MW). Marginal pricing is applied in the regulating market and here-
with indicates that price of regulating market is the highest activated bid (€) in 
the case of up-regulation and the lowest activated bid (€) in the case of down-
regulation. The minimum volume of regulating market bid is 10MW and the ac-
tivation time (the time-zone the company is required to shift the consumption 
from the notice of TSO) is 15 minutes (Table 2). 

Let us assume that an industrial electricity end-consumer, who is partici-
pating in balancing power market, submits the following up-regulation bid to the 
market for every hour of the year: 10MW at the price of 1 000 €/MWh. In 2012 
the imbalance price exceeded 1000€/MWh 16 times in Finnish bidding area and 

Market place Minimum flexibility capacity Activation time

Intra-day market 0,1 MW at least 1 hour

Day-ahead market 0,1MW at least 12 hours

Balancing power market 10MW 15 minutes
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the average price amongst these 16 hours was 1 406 €/MWh. Hereby, the com-
pany would have acquired 225 000€/year from TSO by participating in the bal-
ancing power market in Finland (10MW x 1 406 €/MWh x 16h = 225 500€). 

225 000€/year does not describe the end-consumer’s net benefit literally. 
Each DSM participant has to determine its threshold price of electricity. Only af-
ter the imbalance price of electricity has exceeded the threshold price, it is profit-
able for this specific electricity end-user to shed or shift the electricity consump-
tion during the hour in question. In the example, DSM participant submitted the 
bid to the market with a price of 1 000€/MWh, which is this customer’s deter-
mined threshold price of electricity. The net financial benefit for this DSM partic-
ipant would have been 10MW x 406€/MWh x 16h = 65 500€ /year. For some 
DSM participants, the threshold price might be as low as 70€/MWh and for them 
it might be worthwhile to shift or shed the load on average 156 times per year 
(during 2012-2015 the imbalance price in Finland exceeded 70€/MWh 156 times 
per year on average). 

3.4 The role of the aggregators 

In DSM, aggregators are playing a major role in managing the demand and the 
supply during the peak load hours by being the consultant in-between the TSO 
and the customer. These aggregators are usually business entities and they take 
care of interaction and communication with the different parties accompanied in 
DSM process. (Babar et. al. 2013). The benefits of aggregators, that usually are 
BRPs, is that they can aggregate the load capacity of different, smaller electricity 
end-consumers and bring their capacity to the DSM market places in the Nordic 
electricity market. The load flexibility of different participants can be utilized in 
an efficient way.  

To be named, one example of these aggregators is Enegia Group. Enegia is 
an energy management consultant company in the Baltic Sea region. In 2014 
Enegia Group managed approximately 25TWh of power in the Nordics. Enegia 
acts as a consultant in the risk management, energy supply, purchasing strategy 
and balance management. Enegia is operating in the physical and financial en-
ergy markets on behalf of the customer and taking care of customer’s financial 
hedging, physical electricity delivery and performing balancing settlement with 
TSOs. Enegia is a balance responsible party (BRP) in Sweden and Finland and is 
managing several accounts in the balancing power market. 

3.5 DSM globally 

The global energy markets are described in Figure 17. Liberalized markets are 
shown in green, developing markets are shown in yellow, reforming markets are 
shown in red and closed markets are shown in blue. From the perspective of DSM, 
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more liberalized markets prompt more variable utilization of DSM programs. 
Energy market liberalization in Europe has led to decline in energy companies' 
DSM activities (Apajalahti et al., 2015.) Hereby, this change has provided an op-
portunity for aggregators to provide their services. For instance, all EU countries, 
USA and Australia have deregulated their electricity markets. Surprisingly, Can-
ada has less liberalized electricity market, like Eastern Europe, Russia and Brazil. 

Albadi & El-Saadany (2008) state that in 2003 NYISO IBP provided approx-
imately 7.2 billion USD as incentives to the customers participating DSM by re-
leasing 700MW peak load capacity. This DSM program provided reliability ben-
efits up to 50 billion USD to the economy. Thus, revenue exceeded the costs by a 
factor of 7:1. 

 

 
Figure 17 Global energy markets (Enegia, 2016) 

There is plenty of revenue to be made through DSM in Europe. In contrast, 
in 2013 businesses made over 2.2 billion US dollars from DSM in the USA. The 
same can be carried out in Europe and a great amount of money could be directed 
into the local economies. DSM can create visible and concrete benefits to busi-
nesses and to the economy. (Coalition, 2014). 

The Smart Energy Demand Coalition’s (2014) research studied the progress 
from 2013 to 2014 in response to the EED requirements. The main findings are 
the following. There is gradual improvement in the frameworks. However, only 
Finland, Belgium, Great Britain, France, Ireland and Switzerland have reached 
eligible commercial market place for DSM (Figure 18). For instance, Sweden and 
Norway did not have an eligible market place ready for DSM in 2014. However, 
hydro reservoirs work as DSM in Sweden and Norway and hence DSM market 
places are not as necessary there. In Italy and Spain commercial market places for 
DSM are closed. 
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Figure 18 DSM in Europe 2013- 2014 
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4 SIMULATION STUDY IN THE NORDIC DSM MAR-
KET 

In this chapter I study the effect of increased price volatility on the financial ben-
efits of DSM in the balancing power market in Finland and Sweden. I use the 
Monte Carlo simulation as a simulation method to generate future market price 
time series scenarios. This study will not provide any accurate outcome of what 
will happen in the future in terms of market price volatility. Instead, the purpose 
of the study is to show how different volatility levels in the future might affect 
the customer’s revenue from DSM.   

4.1  Data 

The data used in this empirical research will consist of spot and imbalance prices 
of FI bidding area and four Swedish bidding areas; SE1, SE2, SE3 and SE4. Data 
goes from 1.1.2011 to 31.12.2015 and is obtained from Nord Pool. Each time series 
includes 35065 hours. Normally there are 8760 hours per year and each hour has 
a quoted market price. In 2012 there were 8764 units, as it was a leap year. The 
theoretical maximum imbalance price is 5000€/MWh in Finland. Before 2016 the 
maximum price was 2000€/MWh. Negative and zero priced hours are removed 
from the data in order to use logarithm in simulation model. Approximately 0,2% 
of the hours are 0€/MWh and 0,1% are negative during period 2012-2015 in data. 
Hence, it is estimated that the removal of zero and negative units in the data will 
not have a significant effect on the outcome of the simulation study. 

Spot price of electricity is less volatile compared to imbalance prices in Nor-
dic electricity market (Table 3). In spot price time series, the standard deviation 
varies between 11,6 to 14,7 and in imbalance price time series between 21,2 to 
47,0. It is clearly seen that in FI bidding area, spot and imbalance prices are more 
volatile compared to Swedish bidding areas. 

All time series are positive skewed. Among spot prices, FI spot price time 
series is the most skewed bidding area and hence it has “the longest tail” on the 
right side of distribution. The Swedish spot prices are less positive skewed.  
Among imbalance price data, SE1 and SE2 imbalance prices are the most skewed 
time series. As seen, the imbalance prices are remarkably more positively skewed 
compared to the spot prices. It is worth noting that FI imbalance price data is the 
second least skewed among the imbalance prices even though the FI spot price 
data is the most skewed among the spot prices. 
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Table 3 Descriptive statistics of data (€/MWh) 

 
 

In Figure 19 spot price distribution for Finnish bidding area can be seen 
from January 1st 2011 to December 31st 2015. During period 2011 - 2015 the max-
imum spot price in Finland was 300€/MWh and the average Spot-price was 
35,9€/MWh. FI spot price data has a skewness of 2,83. 

 

 
Figure 19 Spot price distribution of Finnish bidding area 2011 - 2015 

Contrary to the Spot prices, the imbalance prices reach to four-digit prices 
more often. During period 2011- 2015 Finnish imbalance price reached 
2000€/MWh seven times. Figure 20 presents the distribution for Finnish imbal-
ance prices during period 2011- 2015. The average imbalance price was 
37,4€/MWh and thus it is higher compared to average spot prices during the 
period. The standard deviation of FI imbalance data is 47,0 which is remarkably 

Mean Median Standard Deviation Min Max Skewness

Spot prices

FI 35,9 34,7 14,7 0,3 300,0 2,83

SE1 30,9 31,0 11,6 0,3 253,9 1,89

SE2 30,9 31,0 11,6 0,3 253,9 1,89

SE3 31,3 31,2 12,3 0,3 253,9 2,32

SE4 32,2 31,8 12,9 0,3 253,9 2,12

Imbalance prices

FI 37,4 32,1 47,0 -66,9 2000,0 22,92

SE1 30,2 29,2 21,2 -66,9 1999,0 28,85

SE2 30,3 29,3 21,4 -66,9 1999,0 28,34

SE3 31,1 29,6 23,0 -66,9 1999,0 23,75

SE4 32,3 30,0 25,1 -66,9 1999,0 19,06

Descriptive statistics of units (n=35065 in each time series)
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higher compared to the standard deviation of the spot price data, that is 14,7 dur-
ing the period. The FI imbalance price data has a skewness of 22,92, which is 
approximately tenfold compared to the spot price data.  

 

 
Figure 20 Imbalance price distribution of Finnish bidding area 2011 – 2015 

 

4.2 Methodology: Monte Carlo simulation 

“Monte Carlo simulation is a numerical method that is useful in many situations when 
no closed-form solution is available” … “The Monte Carlo method can be used to simulate 
a wide range is stochastic processes and is thus very general” (Haug, G. 2007, 345.) 
 

It can be assumed that electricity market prices follow stochastic processes 
(Skantze et. al, 2000). The purpose of this simulation study is to provide different 
financial benefit outcomes of DSM from the point of view of a DSM participant. 
Possible future scenarios of imbalance prices in Finnish and Swedish bidding ar-
eas with different volatilities will be simulated. Six different future volatility in-
crease scenarios are used in the simulations; 0%, 10%, 20%, 30%, 40% and 50% 
increase in volatility of imbalance market prices.  

The simulation is performed in a step wised fashion based on five different 
time series; FI, SE1, SE2, SE3 and SE4 imbalance prices from January 1st 2012 to 
December 31st 2015 for each bidding areas. The presumption is that Nordic elec-
tricity imbalance prices tolerably follow lognormal distribution. For the sake of 
simplicity, modifications of lognormal distribution will be used. I proceed under 
the assumption that logarithm of the data price is normally distributed and thus 
each price unit has been turned to a logarithmic price. 
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I have calibrated the modified log-normal distribution to fit my data as fol-
lows. First, standard deviation is calibrated for each bidding area separately. Sec-
ondly, a rare event with larger standard deviation has been added to the simula-
tion for each bidding area. The reason for this is to make longer tail to the simu-
lated distribution in order to make it represent the historical price distribution 
realistically. The standard deviation of rare event and its probability has been 
calibrated as well. The calibration of parameters has been done by comparing the 
mean, standard deviation and median of the historic and simulated data. I have 
also taken into account that the financial benefits with same flexible load and 
threshold price should match with both historic and simulated data. A 10% vol-
atility increase scenario has been generated by multiplying the standard devia-
tion in the simulation by a factor of 1,1, 20% volatility increase scenario has been 
generated by multiplying the standard deviation by a factor of 1,2 and so on. 

The input parameters that have been used in the simulation for each bid-
ding area are presented in Table 4. The figures are logarithmic units. I have used 
the data’s mean in simulation for each bidding area. Standard deviation, stand-
ard deviation for a rare event and probability for a rare event have been cali-
brated. For instance, for the Finnish bidding area simulation I have used standard 
deviation of 0,61 and 1,90 (rare event). The probability for the rare event has been 
calibrated to be 1,25%. As seen in the Table 4, all parameters are greatest for Finn-
ish bidding area. I have used standard deviation of 0,49, 0,50, 0,54 and 0,57 for 
Swedish bidding areas SE1, SE2, SE3 and SE4, respectively. For SE1, SE2 and SE3 
bidding areas I have used standard deviation of 1,60 and for SE4 area 1,65. Prob-
ability for a rare event for all Swedish bidding areas have been calibrated to be 
1,00%. 

 

Table 4 Input parameters in simulation 

 
 

 With aforementioned method and parameters, I have simulated 561040 
new hours, which all represent a new quoted imbalance price for each bidding 
area. 561040 hours refer to a period of 64 years. The descriptive statistics of sim-
ulated data with historical volatility (0% increase) are shown in Table 5. By com-
paring the Table 3 (descriptive statistics of data) and Table 5 (descriptive statistics 
of simulated data) we can observe the following: the mean of simulated data and 
the original data are approximately the same in all bidding areas. Median is lower 
in simulated data compared to the original data in all bidding areas. On the con-
trary, standard deviation is larger in simulation data in all bidding areas. Maxi-
mum price is 3000€/MWh in simulated data, as it was 2000€/MWh in historic 
data. The are no negative prices in simulation data as they were removed from 

Bidding area Mean Standard deviation Standard Deviation (rare event) Probability of rare event

FI 3,40 0,61 1,90 0,0125

SE1 3,25 0,49 1,60 0,01

SE2 3,25 0,50 1,60 0,01

SE3 3,27 0,54 1,60 0,01

SE4 3,27 0,57 1,65 0,01

Input parameters



 40 

the historic data. Skewness is not reported in Table 5 as its value is heavily vary-
ing from simulation to another in each bidding area. 
 

Table 5 Descriptive statistics of simulated data (€/MWh) 

 
 

4.3 Calculating the benefits 

 
There are three factors that are affecting the financial benefit of participating the 
DSM in balancing power market; threshold price, imbalance price, which in this 
study is simulated as described above, and the volume of flexible load capacity. 
In case of up-regulation, the lower the threshold price is and the higher the im-
balance price is, the higher the financial benefit will be. In case of down-regula-
tion, the higher the threshold price is and the lower the imbalance price is, the 
higher the financial benefit will be. The higher the flexible load capacity offered 
to the market is, the higher the financial benefit will be. 

The financial benefit for the customer participating in DSM in the Nordic 
balancing power market can been calculated as follows: First, in case of up-regu-
lation, the imbalance price needs to be higher compared to the spot price in order 
to perform load cutting. Secondly, imbalance price needs to exceed the deter-
mined threshold price. If these two conditions are fulfilled, the benefit for up-
regulation can be calculated with equation (4.2) and the benefit for down-regula-
tion can be calculated with equation (4.3). Yearly benefit levels have been calcu-
lated by inputting the generated imbalance prices, a specific threshold price and 
10MW flexibility to the following equations. 

 
- Up-regulation benefit: 

 
(4.2) 𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 = (𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑝𝑟𝑖𝑐𝑒 − 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑝𝑟𝑖𝑐𝑒) 𝑥 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑀𝑊) 
 

- Down-regulation benefit: 
 
(4.3) 𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 = (𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑝𝑟𝑖𝑐𝑒 − 𝑖𝑚𝑏𝑎𝑙𝑛𝑐𝑒 𝑝𝑟𝑖𝑐𝑒) 𝑥 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑀𝑊) 
  

Descriptive statistics of units (n=561040 in each time series)

Mean Median Standard Deviation Min Max

FI 37,4 30,0 49,0 0,0 3000,0

SE1 29,7 25,8 26,0 0,3 3000,0

SE2 29,8 25,8 28,9 0,1 3000,0

SE3 31,1 26,3 30,0 0,1 3000,0

SE4 31,6 26,3 31,7 0,1 3000,0
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As Paulus and Borggrefe (2009) state, load is shedded or shifted as soon as 
marginal utility MU generated by a specific industrial process is exceeded by its 
marginal cost MC. In energy- intensive industry, MC of a product increases heav-
ily when the price of electricity rises. When electricity imbalance price exceeds 
the determined threshold price, it is worthwhile for DSM participant to shed or 
shift the consumption (or production) as MC exceeds MU simultaneously.  

Market price volatility is the main factor affecting the distribution of simu-
lated imbalance prices. By changing the standard deviation, scenarios for differ-
ent financial benefits can be provided. Also, scenarios with different threshold 
prices are provided. The threshold prices used in this study are 70€/MWh, 
100€/MWh, 150€/MWh, 200€/MWh, 250€/MWh and 300€/MWh. However, 
fixed threshold price of 15€/MWh is used in all scenarios for down-regulation 
possibility. These specific threshold prices are used, as the threshold prices of 
electricity in Finnish and Swedish industry seem to variate in this range. The cus-
tomer itself will determine its threshold price as explained in chapter 3.3.3. If the 
threshold price is set too low, the benefit from DSM can be negative as it would 
be more profitable not to adjust the load in response to the electricity price. Fixed 
10MW load flexibility has been used, as this is the minimum capacity3 that can 
be offered to balancing power market in Finland and Sweden and higher flexi-
bility is usually hard to provide. The indicative results of the simulation and the 
limitations of the method are presented in the following chapter. 

                                                 
3 From autumn 2016, 5MW capacity can be offered to balancing power market, but only through auto-

matic activation system. 
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5 Results and discussion 

In the following chapters, I will provide a table of descriptive statistics of simu-
lated DSM benefit levels and a figure of financial benefits with different volatility 
and threshold price scenarios for each bidding area. In descriptive statistics tables 
I have presented 10% and 90% percentiles, median, mean and standard deviation 
of possible financial benefit levels. This is done for each bidding area and for six 
different threshold prices. Also, four different observation periods; day, week, 
month and year are provided. 
 In financial benefit figures, the horizontal axis describes the volatility in-
crease level in % and the vertical axis refers to the financial benefit level in €/year. 
15€/MWh down regulation bid is included in all scenarios. In each figure, finan-
cial benefits for six different threshold price levels are explored. The blue curve 
refers to mean, the red curve describes median, the yellow curve presents the 90% 
percentile and the grey curve signifies 10% percentile of possible financial benefit 
level of DSM for a customer. 

5.1 Effects of volatility and threshold price changes in the Finn-
ish bidding area 

Table 6 provides the descriptive statistics of simulated financial benefits in the 
Finnish bidding area with historic volatility level. Naturally, the longer the ob-
servation period is, the higher the benefit levels are during this period. We can 
also see that mean is always higher compared to median in each threshold price 
level and observation period. However, mean is relatively higher compared to 
median with shorter observation period. It can be concluded that financial benefit 
levels are highly driven by few, high imbalance price hours. 

When the threshold price is 150€/MWh or higher, an engrossing finding 
is detected: 90% percentile value appears to be lower compared to the mean on a 
daily level benefit. However, when observation period is extended to weekly, 
monthly or yearly level, 90% percentile level becomes higher compared to mean 
with every threshold price levels. This is due to the fact that financial benefits of 
higher threshold price levels are dependent on rare, high imbalance price spikes. 
Herewith, the longer observation period increases the probability of gaining rev-
enue from DSM for a customer. Usually, customers’ agreement related to DSM 
with an aggregator are valid for years and hereby customers are not exposed to 
this type of risk of not gaining revenue with higher levels of threshold price. 
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Table 6 Descriptive statistics of simulated DSM benefits in Finnish bidding area 

 
 

Changes in threshold price and price volatility are highly affecting the re-
sults in FI bidding area (Figure 21 and Table 6). With historical market volatility 
and 70€/MWh threshold price, the mean of financial benefits for DSM customer 
is approximately 330 000€ per year. By increasing the volatility up to 30% the 
average benefit is doubled and by increasing volatility up to 50% the benefit is 
tripled. With 100€, 150€ and 200€/MWh threshold price, the average financial 
benefits are approximately 210 000€, 150 000€ and 130 000€ per year, respectively, 
with historical market volatility. By increasing the volatility up to 30% and 50% 
the average financial benefits are doubled and tripled, respectively, with 100, 
150€ and 200€/MWh threshold price. With 250€ and 300€/MWh threshold price, 
the average benefits are roughly 120 000€ and 110 000€ per year according to his-
toric volatility. Increase in benefit is not as high as with lower threshold price if 
volatility is increased. 

 On a yearly level, mean and median values of benefits are approximately 
the same. The difference between 10% and 90% percentiles appears to be approx-
imately 100 000€ on a yearly level with every threshold price. The difference stays 
constant when volatility is increased. Hence, with a probability of 80%, the finan-
cial benefit level stays in the range of +/- 50 000€ from the average level (mean). 

 

70€/MWh Day Week Month Year 200€/MWh Day Week Month Year

0,9 1 651,28 € 11 065,54 € 44 387,40 € 400 113,77 €     0,9 276,33 €     5 479,60 €    25 496,91 € 188 460,11 € 

0,1 124,68 €     2 991,52 €    17 873,34 € 293 261,75 €     0,1 26,17 €       625,19 €       3 597,65 €    85 275,86 €    

MEDIAN 520,87 €     5 032,61 €    24 765,50 € 332 798,91 €     MEDIAN 114,83 €     969,83 €       6 903,81 €    122 834,56 € 

MEAN 936,27 €     6 552,01 €    28 050,37 € 336 537,97 €     MEAN 361,57 €     2 530,33 €    10 833,44 € 129 986,65 € 

STDEV 2 071,71 € 5 413,59 €    11 111,55 € 57 012,19 €       STDEV 1 824,49 € 4 783,97 €    9 797,12 €    38 654,60 €    

100€/MWh Day Week Month Year 250€/MWh Day Week Month Year

0,9 960,48 €     8 214,26 €    33 260,63 € 268 425,94 €     0,9 258,11 €     4 879,91 €    24 465,63 € 177 615,88 € 

0,1 46,97 €       1 174,13 €    8 306,11 €    165 072,83 €     0,1 25,48 €       609,45 €       3 433,49 €    78 063,94 €    

MEDIAN 190,75 €     2 430,31 €    13 678,87 € 200 953,83 €     MEDIAN 112,31 €     922,31 €       5 946,16 €    113 127,55 € 

MEAN 578,54 €     4 048,52 €    17 332,80 € 207 966,62 €     MEAN 333,94 €     2 337,10 €    10 006,65 € 120 065,13 € 

STDEV 1 986,00 € 5 191,49 €    10 623,98 € 45 619,05 €       STDEV 1 762,08 € 4 620,48 €    9 493,34 €    37 362,30 €    

150€/MWh Day Week Month Year 300€/MWh Day Week Month Year

0,9 373,45 €     6 268,21 €    28 079,70 € 207 203,60 €     0,9 251,69 €     4 265,78 €    23 453,56 € 168 921,10 € 

0,1 28,90 €       684,03 €       4 382,54 €    102 302,21 €     0,1 25,20 €       600,60 €       3 332,51 €    73 903,29 €    

MEDIAN 124,10 €     1 205,27 €    8 577,32 €    141 909,28 €     MEDIAN 111,38 €     902,62 €       5 262,94 €    105 468,72 € 

MEAN 413,31 €     2 892,31 €    12 382,81 € 148 579,02 €     MEAN 314,19 €     2 198,84 €    9 414,73 €    112 962,06 € 

STDEV 1 895,09 € 4 964,53 €    10 169,11 € 40 798,75 €       STDEV 1 703,99 € 4 467,68 €    9 210,16 €    36 307,91 €    
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Figure 21 Financial benefits with different threshold prices and volatilities in FI bidding area 

 

5.2 Effects of volatility and threshold price changes in SE1 bid-
ding area 

The descriptive statistics of simulated DSM benefit levels in SE1 bidding area are 
enclosed in Table 7. Mean values are relatively higher compared to the median 
values with shorter observation periods as also seen in FI bidding area. On the 
contrary to FI bidding area statistics, similar finding related to high threshold 
prices and observation period length cannot be made. The value of 90% percen-
tile stays higher compared to mean with every threshold price level. 
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Table 7 Descriptive statistics of simulated DSM benefits in SE1 bidding area 

 
 

In SE1 bidding area, the financial benefits are the lowest among all of the 
five bidding areas due to the lowest price volatility (standard deviation= 21,2). 
With 70€/MWh threshold price, the average benefit is approximately 110 000€ 
per year with historical market volatility (Figure 21 and Table 7). By increasing 
the volatility by 30%, the average benefit is doubled and by 50%, the benefit is 
quadrupled. With 100€ and 150€/MWh threshold prices, the average benefits are 
doubled and tripled with volatility increases of 30% and 50%. The same observa-
tions were seen in FI bidding area. With 200€, 250€ and 300€/MWh threshold 
prices, a moderate increase in revenue is seen through increasing the market vol-
atility. With previous threshold prices, the financial benefits are within 60 000- 
140 000€ per year with different volatility scenarios. 

Median and mean values are roughly the same with all threshold prices and 
volatility levels. The difference between 10% and 90% percentile values appears 
to be approximately 40 000 – 50 000€ /year depending on the threshold price. The 
difference remains constant with different volatility levels. Hereby, with a prob-
ability of 80%, a customer can expect the financial benefit level to stay in range of 
+/- 25 000€ /year from the average. 

 

70€/MWh Day Week Month Year 200€/MWh Day Week Month Year

0,9 478,45 €     3 891,54 €    16 665,08 € 143 800,69 €     0,9 211,73 €     1 809,98 €    10 658,13 € 92 568,12 €    

0,1 36,95 €       827,92 €       5 068,17 €    89 810,50 €       0,1 21,86 €       511,38 €       2 801,63 €    47 888,78 €    

MEDIAN 142,64 €     1 417,51 €    7 483,07 €    110 679,70 €     MEDIAN 95,26 €       754,59 €       3 561,65 €    65 235,64 €    

MEAN 314,01 €     2 197,72 €    9 410,17 €    112 901,87 €     MEAN 186,92 €     1 308,15 €    5 601,15 €    67 197,08 €    

STDEV 1 102,27 € 2 877,34 €    5 831,25 €    25 260,86 €       STDEV 957,14 €     2 514,79 €    5 090,12 €    20 375,63 €    

100€/MWh Day Week Month Year 250€/MWh Day Week Month Year

0,9 254,12 €     3 015,93 €    13 258,31 € 113 638,50 €     0,9 207,94 €     1 362,51 €    9 823,04 €    87 192,00 €    

0,1 24,18 €       569,55 €       3 207,06 €    58 993,92 €       0,1 21,62 €       506,89 €       2 758,11 €    44 752,81 €    

MEDIAN 102,42 €     874,20 €       4 894,07 €    79 953,99 €       MEDIAN 94,69 €       745,63 €       3 400,62 €    59 540,46 €    

MEAN 232,82 €     1 629,45 €    6 976,95 €    83 706,69 €       MEAN 175,64 €     1 229,26 €    5 263,35 €    63 143,45 €    

STDEV 1 058,05 € 2 771,83 €    5 621,50 €    22 937,81 €       STDEV 915,16 €     2 405,26 €    4 868,95 €    19 566,04 €    

150€/MWh Day Week Month Year 300€/MWh Day Week Month Year

0,9 217,92 €     2 339,27 €    11 926,04 € 100 310,58 €     0,9 206,03 €     1 174,10 €    9 161,37 €    83 558,64 €    

0,1 22,21 €       521,63 €       2 885,02 €    50 811,83 €       0,1 21,48 €       503,24 €       2 735,70 €    42 593,00 €    

MEDIAN 96,44 €       773,31 €       3 870,62 €    70 611,99 €       MEDIAN 94,20 €       739,15 €       3 328,71 €    55 820,71 €    

MEAN 202,18 €     1 414,98 €    6 058,61 €    72 686,54 €       MEAN 166,83 €     1 167,58 €    4 999,24 €    59 974,09 €    

STDEV 1 003,81 € 2 635,71 €    5 342,16 €    21 430,40 €       STDEV 876,87 €     2 304,77 €    4 668,05 €    18 852,75 €    
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Figure 22 Financial benefits with different threshold prices and volatilities in SE1 bidding area 

 

5.3 Effects of volatility and threshold price changes in SE2 bid-
ding area 

The descriptive statistics of simulated DSM benefit levels in SE2 bidding area are 
described in Table 8. Again, mean values are relatively higher compared to the 
median values with shorter observation periods. No irregularity is noticed com-
pared to SE1 bidding area, other than increased benefit levels. 
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Table 8 Descriptive statistics of simulated DSM benefits in SE2 bidding area 

 
 
In SE2 bidding area the financial benefits are the second lowest among all bidding 
areas (Figure 23 and Table 8) on average. With 70€/MWh threshold price, the 
end-consumer receives approximately 120 000€ per year according to historic 
volatility. If volatility in the balancing power market is increasing by 30%, the 
financial benefit is doubled and by 50%, the benefit is quadrupled. With 100€ and 
150/MWh threshold prices, the same relative increase is seen in the benefits. 
With 200€ and 250€/MWh threshold prices, the benefits are approximately tri-
pled with 50% volatility increase and with 300€/MWh threshold price the reve-
nue is doubled. 

Again, median and mean values are roughly the same with all threshold 
prices and volatility levels on a yearly level. The difference between 10% and 90% 
percentile values appears to be approximately 50 000 – 60 000€ /year depending 
on the threshold price. The difference remains constant with different volatility 
levels. Hereby, with a probability of 80%, a customer can expect the financial 
benefit level to stay in range of +/- 30 000€ /year from the average. 

 

70€/MWh Day Week Month Year 200€/MWh Day Week Month Year

0,9 521,26 €     3 953,06 €    16 169,43 € 158 024,25 €     0,9 219,47 €     1 795,60 €    10 671,84 € 103 937,35 € 

0,1 42,71 €       892,60 €       5 464,12 €    94 353,94 €       0,1 25,71 €       545,14 €       2 909,56 €    48 336,65 €    

MEDIAN 153,57 €     1 524,68 €    7 718,47 €    113 774,21 €     MEDIAN 102,62 €     802,20 €       3 733,95 €    67 047,34 €    

MEAN 328,11 €     2 296,39 €    9 832,81 €    117 962,05 €     MEAN 194,71 €     1 362,68 €    5 834,61 €    69 996,63 €    

STDEV 1 133,03 € 2 986,92 €    6 081,59 €    26 192,78 €       STDEV 989,86 €     2 610,44 €    5 322,79 €    20 840,92 €    

100€/MWh Day Week Month Year 250€/MWh Day Week Month Year

0,9 267,28 €     2 999,22 €    12 992,29 € 124 762,21 €     0,9 217,09 €     1 387,60 €    9 769,48 €    98 513,11 €    

0,1 28,20 €       601,63 €       3 418,54 €    63 020,42 €       0,1 25,49 €       541,98 €       2 883,96 €    45 713,91 €    

MEDIAN 110,87 €     934,17 €       5 005,78 €    82 791,98 €       MEDIAN 102,07 €     792,67 €       3 661,07 €    63 324,88 €    

MEAN 241,33 €     1 688,98 €    7 231,84 €    86 762,06 €       MEAN 184,54 €     1 291,54 €    5 529,99 €    66 341,22 €    

STDEV 1 088,42 € 2 870,19 €    5 861,62 €    23 809,79 €       STDEV 948,32 €     2 499,92 €    5 092,43 €    19 765,61 €    

150€/MWh Day Week Month Year 300€/MWh Day Week Month Year

0,9 225,64 €     2 311,47 €    11 505,88 € 110 975,71 €     0,9 215,86 €     1 227,46 €    9 133,68 €    94 478,55 €    

0,1 25,95 €       554,64 €       2 993,61 €    52 728,59 €       0,1 25,46 €       540,88 €       2 875,76 €    44 357,46 €    

MEDIAN 103,61 €     820,39 €       4 038,60 €    71 128,28 €       MEDIAN 101,68 €     787,28 €       3 576,66 €    60 455,92 €    

MEAN 209,01 €     1 462,83 €    6 263,44 €    75 142,62 €       MEAN 176,26 €     1 233,58 €    5 281,79 €    63 362,82 €    

STDEV 1 035,53 € 2 730,81 €    5 575,70 €    22 158,57 €       STDEV 910,00 €     2 396,31 €    4 876,97 €    18 855,70 €    
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Figure 23 Financial benefits with different threshold prices and volatilities in SE2 bidding area 

 

5.4 Effects of volatility and threshold price changes in SE3 bid-
ding area 

The descriptive statistics of simulated DSM benefit levels in SE3 bidding area are 
described in Table 9. Again, mean values are relatively higher compared to the 
median values with shorter observation periods. No irregularity can be noticed 
compared to SE1 or SE2 bidding areas, other than increased benefit levels. 
 



 49 

Table 9 Descriptive statistics of simulated DSM benefits in SE3 bidding area 

 
 

In SE3 bidding area the financial benefits are second highest in Sweden and 
third highest among all five bidding areas (Figure 24 and Table 9). Flexible load 
provider can receive roughly 150 000 € per year in the balancing power market 
with 70€/MWh threshold price if market volatility remains the same as it has 
been between 2012 - 2015. If market volatility increases by 30 and 50%, the finan-
cial benefits are tripled and quintupled. With 100€, 150€ and 200€/MWh thresh-
old prices, respectively, if market volatility is increased by 30% and 50%, the fi-
nancial benefits are doubled and tripled. With 250€ and 300€/MWh threshold 
prices, the financial benefit appears to double with 50% volatility increase. 

Again, median and mean values are roughly the same with all threshold 
price volatility levels on a yearly level. The difference between 10% and 90% per-
centile values appears to be approximately 40 000 – 50 000€ /year depending on 
the threshold price. The difference remains constant with different volatility lev-
els. Hereby, with a probability of 80%, a customer can expect the financial benefit 
level to stay in range of +/- 25 000€ /year from the average. 

 

70€/MWh Day Week Month Year 200€/MWh Day Week Month Year

0,9 723,73 €     4 684,46 €    19 043,89 € 176 749,88 €     0,9 244,62 €     1 919,63 €    11 231,70 € 103 858,72 € 

0,1 64,37 €       1 277,30 €    7 686,48 €    126 976,42 €     0,1 33,59 €       636,90 €       3 356,67 €    57 485,40 €    

MEDIAN 214,54 €     2 169,38 €    10 630,03 € 153 043,13 €     MEDIAN 118,59 €     919,07 €       4 303,98 €    76 045,15 €    

MEAN 418,20 €     2 925,66 €    12 526,81 € 150 208,95 €     MEAN 214,95 €     1 503,61 €    6 437,72 €    77 180,94 €    

STDEV 1 166,69 € 3 115,59 €    6 345,27 €    26 687,39 €       STDEV 1 010,33 € 2 703,97 €    5 551,80 €    18 621,25 €    

100€/MWh Day Week Month Year 250€/MWh Day Week Month Year

0,9 343,37 €     3 346,91 €    14 428,38 € 128 059,36 €     0,9 240,55 €     1 501,54 €    10 240,10 € 99 521,02 €    

0,1 39,05 €       748,79 €       4 408,03 €    78 137,67 €       0,1 33,47 €       632,46 €       3 323,19 €    55 158,81 €    

MEDIAN 135,81 €     1 188,36 €    6 286,34 €    100 648,72 €     MEDIAN 117,69 €     903,62 €       4 105,94 €    71 722,97 €    

MEAN 281,75 €     1 970,80 €    8 438,27 €    101 166,97 €     MEAN 203,68 €     1 424,87 €    6 100,56 €    73 142,78 €    

STDEV 1 113,84 € 2 982,84 €    6 102,89 €    21 730,14 €       STDEV 968,81 €     2 592,77 €    5 324,17 €    17 814,05 €    

150€/MWh Day Week Month Year 300€/MWh Day Week Month Year

0,9 256,06 €     2 492,86 €    12 244,55 € 110 609,51 €     0,9 238,71 €     1 360,85 €    9 617,46 €    96 321,02 €    

0,1 34,01 €       653,00 €       3 499,27 €    62 914,70 €       0,1 33,19 €       629,34 €       3 303,96 €    52 870,03 €    

MEDIAN 120,56 €     953,70 €       4 724,51 €    83 166,87 €       MEDIAN 117,12 €     898,97 €       4 055,19 €    68 469,66 €    

MEAN 232,40 €     1 625,58 €    6 960,03 €    83 441,00 €       MEAN 195,16 €     1 365,40 €    5 845,89 €    70 094,43 €    

STDEV 1 056,68 € 2 829,02 €    5 808,02 €    19 708,07 €       STDEV 930,70 €     2 491,05 €    5 117,24 €    17 186,52 €    



 50 

 

 
Figure 24 Financial benefits with different threshold prices and volatilities in SE3 bidding area 

5.5 Effects of volatility and threshold price changes in SE4 bid-
ding area 

The descriptive statistics of simulated DSM benefit levels in SE4 bidding area are 
described in Table 10. Again, mean values are relatively higher compared to the 
median values with shorter observation periods. No irregularity can be noticed 
compared to SE1, SE2 or SE3 bidding areas, other than increased benefit levels. 
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Table 10 Descriptive statistics of simulated DSM benefits in SE4 bidding area 

 
 

In SE4 bidding area the financial benefits are the highest in Sweden on av-
erage because of the highest market volatility in the balancing power market in 
Sweden (standard deviation=25,1). The financial benefit for participating in DSM 
in the balancing power market with 70€/MWh threshold price is approximately 
185 000€ per year on average with historic volatility. The financial benefit is 
roughly doubled and quadrupled by 30% and 50% volatility increases (Figure 25). 
With 100€ and 150€/MWh threshold prices, the average financial benefits are 
doubled and quadrupled with 30% and 50% volatility increases, respectively. 
With 200€, 250€ and 300€/MWh threshold prices double and triple increases can 
be seen with 30% and 50% market volatility increase, respectively. 

Again, median and mean values are roughly the same with all threshold 
prices and volatility levels on a yearly level. The difference between 10% and 90% 
percentile values appears to be approximately 50 000 – 60 000€ /year depending 
on the threshold price. The difference remains constant with different volatility 
levels. Hereby, with a probability of 80%, a customer can expect the financial 
benefit level to stay in range of +/- 30 000€ /year from the average. 

 

70€/MWh Day Week Month Year 200€/MWh Day Week Month Year

0,9 910,76 €     5 540,19 €    23 317,30 € 221 946,50 €     0,9 280,17 €     2 369,78 €    13 789,30 € 120 893,05 € 

0,1 86,69 €       1 679,29 €    9 656,32 €    159 082,86 €     0,1 45,08 €       752,19 €       3 948,96 €    67 984,33 €    

MEDIAN 277,15 €     2 764,89 €    13 239,15 € 181 147,20 €     MEDIAN 138,56 €     1 074,18 €    5 027,66 €    88 133,11 €    

MEAN 514,72 €     3 602,32 €    15 423,52 € 185 033,06 €     MEAN 250,79 €     1 755,20 €    7 514,97 €    90 152,59 €    

STDEV 1 326,91 € 3 575,26 €    7 365,54 €    32 208,86 €       STDEV 1 155,22 € 3 130,07 €    6 495,98 €    22 494,93 €    

100€/MWh Day Week Month Year 250€/MWh Day Week Month Year

0,9 466,77 €     3 841,45 €    17 665,48 € 155 886,36 €     0,9 274,39 €     1 847,76 €    12 800,29 € 115 262,57 € 

0,1 53,39 €       945,60 €       5 371,61 €    99 405,48 €       0,1 44,56 €       749,12 €       3 920,38 €    63 870,37 €    

MEDIAN 164,53 €     1 490,69 €    7 901,28 €    120 821,08 €     MEDIAN 137,63 €     1 056,37 €    4 836,52 €    83 441,26 €    

MEAN 340,52 €     2 383,19 €    10 203,79 € 122 414,97 €     MEAN 237,85 €     1 664,59 €    7 127,00 €    85 496,89 €    

STDEV 1 268,91 € 3 428,56 €    7 060,37 €    26 121,35 €       STDEV 1 110,58 € 3 007,32 €    6 254,33 €    21 515,26 €    

150€/MWh Day Week Month Year 300€/MWh Day Week Month Year

0,9 294,81 €     2 921,84 €    14 801,47 € 129 978,07 €     0,9 270,92 €     1 566,17 €    11 819,58 € 110 641,50 € 

0,1 46,08 €       775,23 €       4 139,63 €    74 744,59 €       0,1 44,46 €       747,38 €       3 896,42 €    61 249,58 €    

MEDIAN 141,64 €     1 122,43 €    5 743,07 €    94 909,50 €       MEDIAN 137,12 €     1 046,57 €    4 714,35 €    79 732,42 €    

MEAN 272,79 €     1 909,15 €    8 174,22 €    98 063,60 €       MEAN 227,98 €     1 595,51 €    6 831,18 €    81 947,05 €    

STDEV 1 205,77 € 3 266,56 €    6 761,21 €    23 675,88 €       STDEV 1 069,63 € 2 894,58 €    6 033,08 €    20 653,64 €    
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Figure 25 Financial benefits with different threshold prices and volatilities in SE4 bidding area 

 

5.6 Discussion of results 

5.6.1 Interpretation of the results 

The simulation model shows evidence that increase in the volatility of imbalance 
market prices leads to increased revenue for customers participating in DSM. The 
highest revenue is gained from FI bidding area, as the market volatility is the 
highest in that bidding area. Second, third, fourth and fifth highest revenues are 
gained respectively from SE4, SE3, SE2 and SE1 bidding areas. Standard devia-
tion is the main parameter driving the results in each bidding area.  
 One observation appears to be that the correspondence between the mar-
ket volatility increase and revenue gained from DSM is non-linear. Simulation 
results show that revenue appears to increase exponentially, while volatility is 
increasing linearly. This is presented figuratively in Figure 26. This observation 
is received in every bidding area. 
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Figure 26 Correspondence between market volatility and revenue gained from DSM 

The difference between values of 10% and 90% percentiles is approximately 
100 000€/year in Finnish bidding area and between 40 000 – 60 000€/year in Swe-
dish bidding areas. In all bidding areas, the difference of percentile values re-
mains the same with different volatility levels. Also, in every bidding area, the 
mean values are relatively higher compared to the median values with shorter 
observation periods. This suggests that benefit levels are derived from a few, high 
priced hours in balancing power market. 

Simulation model also showed that with higher threshold price levels in 
Finnish bidding area, 90% percentile values of financial benefit appear to be 
lower compared to the mean values on a daily level. However, when observation 
period is extended, the 90% percentile value becomes higher compared to mean. 
Herewith, the longer observation period increases the probability of gaining rev-
enue from DSM for a customer in Finland. The same finding was not made in 
Sweden. This is due to the fact that in Finland financial benefits with high thresh-
old price levels are mostly derived from rare, high price spikes in balancing 
power market (e.g. 3000€/MWh). Usually, customer’s agreement related to DSM 
with an aggregator is valid for many years and hereby customers do not expose 
to the risk of not gaining revenue with higher levels of threshold price.  

The results of my simulation model were provided with six different vola-
tility scenario levels: 0%, 10%, 20%, 30%, 40% and 50%. Paulus and Borggrefe 
(2011) state that the requirement for positive balancing power will increase by 20% 
and 33% respectively by 2020 and 2030 in Germany. Also, according to Enegia’s 
analysis department, electricity market price volatility will arise in the future in 
the Nordic region. It can be carefully assessed, that 10% to 20% price volatility 
increase may be present in the future. In case of 30%, 40% or 50% price volatility 
increase in the future, dramatic changes should happen in the Nordic electricity 
market. However, the purpose of this thesis is not to forecast future volatility 
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levels. On the contrary, the purpose is to address how possible price volatility 
changes affect the customer’s revenue from DSM. 

 

5.6.2 Limitations of the simulation 

There are some defective factors related to the reliability of the simulation study. 
First, the distribution of simulated data does not perfectly follow the distribution 
of original data. Calibration has been done manually and hence the results are 
indicative. Also, negative and zero figures of data were removed in order to take 
the logarithm in one step in the simulation. This affects especially the financial 
benefit of down-regulation as negative prices would have brought more revenue 
for down-regulation bids. However, only 0,2% of the hours were zero and 0,1% 
were negative in data between 2012 – 2015. Thus, this arrangement does not affect 
the results of simulation model measurably. Additionally, it is not known if im-
balance prices are going to follow the current distribution in the future. For in-
stance, changes or regulations in the electricity market can change the parameters 
of distribution entirely in the future and this might impair the verifiability of my 
simulation results.  

As explored in the earlier literature, the common deduction appears to be 
that DSM will mitigate the electricity price volatility (Borenstein et al., 2002; Al-
badi & El-Saadany, 2008; Feuerriegel & Neumann, 2014). The feedback effect was 
illustrated in Figure 16. This results in a contradictory situation as the simulation 
model showed that increasing volatility leads to increasing revenue for DSM cus-
tomers. However, if an increasing amount of DSM mitigates the price volatility, 
the revenue gained from DSM decreases. Hence, this does not courage flexible 
electricity end-consumers to participate in DSM markets in the future. The situa-
tion is seen as a “chicken or the egg causality dilemma” and this research will not 
take a stand in greater depth on how these different factors will settle in relation 
to each other in the future. Taking this into account, the figures provided by my 
simulation model can be expected to be lower in reality in the future. 

As discussed in chapter 3.2, DSM may also lower the electricity prices 
through rebound effect. Lower electricity market prices do not directly affect the 
financial benefit of participating in DSM as benefit level is more derived from 
price volatility. However, if rebound effect has a negative effect on the average 
market prices in the long run, this may decrease the customer’s revenue gained 
from DSM. Hereby, the figures provided by my simulation model may again be 
overestimated. 

In some cases, the shedding or shifting of electricity usage or generation 
may also bring additional costs for firms. Participation of DSM may at first re-
quire investments from the customers. For some firms, it is not possible to adjust 
their electricity usage at all due to their specific industrial processes. On the con-
trary, e.g. chemical electrolyte processes can be adapted easily and hence this 
type of industrial processes are more appropriate for DSM participation. The ef-
fect of possible shedding or shifting costs and investment costs for firms have not 
been recorded in the results. 
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6 Conclusions 

The objective of this thesis was to address the following research questions: 
 

 What is the effect of the increasing share of intermittent renewable energy 
sources (RES) and DSM on the price volatility in the Nordic electricity 
market (literature review)? 

 What is the effect of increasing price volatility on the financial benefits of 
DSM in the Nordic electricity market (simulation study)? 

 
Previous studies state that the increasing share of RES leads to increasing 

price volatility in the market and to the need of balancing power in the electricity 
systems (Paulus & Borggrefe, 2010; Batalla-Bejerano & Trujillo-Baute, 2016; Vasilj 
et. al., 2016; Ballester & Furió, 2015; Green & Vasilakos, 2010). Furthermore, in-
creasing need of new balancing power refers to increasing need of DSM in the 
market. However, literature also discloses that DSM mitigates the market vola-
tility (Borenstein et al., 2002; Albadi & El-Saadany, 2008; Feuerriegel & Neumann, 
2014). The effect of the volatility mitigation has not been quantified in the results 
of my simulation study. 

My simulation model shows that increasing price volatility may in some 
cases lead to substantial cost savings and additional revenues for the DSM par-
ticipants. The revenues are higher in Finland compared to Sweden due to higher 
volatility of prices in the Finnish balancing power market. The higher threshold 
price of electricity lowers the financial benefits from DSM. According to my sim-
ulation model, a customer can expect to earn approximately 330 000€ per year 
with 70€/MWh threshold price and 10MW flexible load capacity in Finland. The 
simulation also shows that the earned revenue is estimated to be doubled and 
tripled if the market volatility is going to increase in the balancing power market 
by 30% and 50%, respectively in the future. In Finland, the difference between 10% 
and 90% percentile levels of financial benefits appear to be approximately 
100 000€/year with each threshold level. 

In Sweden, the most attractive bidding area in terms of DSM revenue is SE4 
due to the highest market volatility. The second, the third and the least attractive 
bidding areas in Sweden are SE3, SE2 and SE1, respectively. According to my 
simulation model, customer in Sweden with 70€/MWh threshold price can cur-
rently expect to earn 110 000 – 185 000€ per year, depending on the bidding area. 
The study induces that the revenue is usually doubled and quadrupled with 30% 
and 50% market price volatility increase levels, respectively. In Sweden, the dif-
ference between 10% and 90% percentile levels of financial benefits appear to be 
in the range of 40 000€ - 60 000€/year depending on the threshold price level. 

It should be recognized that rebound effect and feedback effect both may de-
crease the realized benefit levels in the future. If these effects are large, cost sav-
ings and additional revenues for the DSM participants may be considerably 
smaller than what is documented. Also, possible shedding or shifting costs and 
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investment costs for firms have not been quantified in the results. It should be 
noted that there is no similar simulation study made in the literacy related to 
DSM in the electricity market as in this thesis. This thesis provides a good starting 
point for future research related to DSM in the Nordic electricity market.  

Future research could focus on different aspects. For instance, in simulation 
study, only the imbalance prices were simulated in order to present possible fu-
ture scenarios of DSM potential. However, simulating also the spot prices with 
different distribution could bring reliability and more aspects to the study. Spot 
prices are less volatile compared to imbalance prices and so use of less skewed 
distribution is recommendable.  

The distribution used in this research was a modified lognormal distribu-
tion. It does not follow the historic price data perfectly and hence it is recom-
mended to use more suitable distribution in the future research. Literature points 
out a distribution called Alpha-Stable distribution, which should follow the Nor-
dic electricity prices the best. However, it can be problematic to estimate the four 
parameters required to simulate this distribution (Weron, 2007.) 

It is also advised to provide more comprehensive study of rebound effect and 
feedback effect. The rebound effect was not studied in this thesis thoroughly but it 
was clear that it will have effects on the future market price level in the electricity 
market. Also, the magnitude of feedback effect was not studied in this thesis. In 
order to study the impact of feedback effect to realized financial benefit levels of 
DSM participation, the effect of increasing DSM on market price volatility should 
be quantified in the simulation model. 

As mentioned earlier, DSM can be applied in eight different market places 
in Finland at the moment. In this thesis, only the balancing power market poten-
tial was studied and thus there are plenty of market places in DSM to be re-
searched in the future in Finland and globally. 
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APPENDIX 

 
Figure 27 Example of simulated prices vs. price data 2012-2015 (FI) 
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Table 11 Monte Carlo simulation process description (FI) 
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Table 12 Financial benefit calculation process description with different threshold price (FI) 
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