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Abstract 
The distribution system operators in Sweden act under monopoly, which 
means that some of its operations and functions are regulated by the 
government authority Swedish Energy Market Inspectorate (Ei). A central 
part of Ei's task is to determine the revenue cap for all distribution system 
operators. The revenue cap is among other determined by, capital costs 
and quality of distributing the power.  

In the 2016-2019 revenue framework driving forces, in the shape of incentives, 
have been introduced thus to achieve efficient utilization, whereas one of 
the incentives focuses on improving the load factor. This study indicates 
how the load factor can be modulated, calculated, controlled in order to 
generate a more efficient use of the power grid. This implies that Ei can 
use the load factor as a control / reward factor, an incentive thus to induce 
distribution system operators to strive for the European Union directive 
regarding efficient utilization [1].  

The study has been based on studying following calculation models of the 
load factor: 

1) Annual average load factor, based on daily basis. 

2) Weighted average, a calculation model that weight days higher with a 
high load. 

3) Proposed calculation model of load factor that is based on several ratios 
of load factor calculations. This model is based on the average sum of: 
daily load factor, weekly load factor, monthly load factor, seasonal load 
factor and yearly load factor. 

In addition to the first part of the study, a general optimization model has 
been developed. The optimization model has been applied to visualize 
how distribution system operators can adapt their business according to 
incentives to achieve optimal reward.  

The results from the first set of the study indicate significant differences in 
efficiency performance and financial outcomes, depending on which 
method of the load factor is imposed in the incentive framework. The 
proposed load factor strive and require greater power of action, thus to 
achieve a good utilization ratio.  

The result of the optimization problem demonstrates a basis for assessing 
how a electricity grid company can adapt its operations, such as price 
pricing for different periods of time, in recognition of incentive regulation. 
The results indicate that price is highly dependent on how price sensitive 
customers are in demand for electricity. 



 
  

Sammanfattning  
Elnätsbolagen i Sverige agerar under naturlig monopolmarknad, vilket 
innebär att en del av dess verksamhet regleras av den statliga 
myndigheten Energimarknadsinspektionen (Ei). En central del av Ei:s 
uppgift är att fastställa intäktsramen för alla elnätsbolag, som är bland 
annat beroende på elnätsbolagets kapitalkostnader och leveranskvalitet.   

 I 2016- 2019 intäktsram har man skapat drivkrafter genom att införa 
incitament som syftar på effektivt utnyttjande av elnätet. Ett av 
incitamenten syftar på att förbättra lastfaktorn. Denna studie visar hur 
lastfaktorn kan moduleras, beräknas, styras och generera ett effektivare 
användande av elnätet. Detta innebär att Ei kan använda lastfaktorn som 
ett styr-/belöningsfaktor, ett så kallat incitament för att förmå elnätsbolag 
att uppnå Europeiska Unionens direktiv om energieffektivisering [1].  

Studien har baserats på följande beräkningsmodeller av lastfaktor: 

1) Årligt medelvärde på lastfaktorn, det vill säga medelvärdet av all 
årets dagliga lastfaktorer.  

2) Viktat medelvärde, en beräkningsmodell som viktar dagar högre 
med en hög last. 

3) Potentiell beräkningsmodell av lastfaktorn som bygger på flera 
förhållanden av lastfaktorberäkningar. En modell som bygger 
medelvärdet av summan: daglig lastfaktor, veckovis lastfaktor, 
månadsvis lastfaktor, säsongsbunden lastfaktor samt årlig 
lastfaktor.      

Utöver den första delen av studien så har en generell optimeringsmodell 
utvecklats för att visualisera hur elnätsföretag kan anpassa sin verksamhet 
för att kunna ta ut optimal utdelning av incitamenten. 

Resultatet från den första uppsättningen av studien indikerar märkbara 
skillnader i effektivitetsprestanda och ekonomiskt utfall, beroende på vad 
för beräkningsmodell av last faktorn införs i incitamentsramen.  Utifrån 
resultatet av en fallstudie, visar bland annat att den potentiella 
beräkningsmodellen av lastfaktorn strävar och kräver större 
handlingskraft för att uppnå ett bra värde av lastfaktorn.  

Resultatet från optimeringsproblemet demonstrerar ett 
bedömningsunderlag hur ett specifikt elnätsbolag kan anpassa sin 
verksamhet, såsom bland annat pristariffer för olika tidsperioder, med 
anseende till incitamentregleringen. Resultaten indikerar att fastställandet 
pristariffer är högt beroende av hur priskänsliga kunderna är i efterfrågan 
på el.  



 
  

Abbreviations 

 
DR Demand Response  

CAPEX  Capital expense 

CPP Critical Peak Pricing 

DSO Distribution System Operator 

Ei  Swedish Energy Market Inspectorate 
(Energimarknadsinspektionen)  

EMC Energy Management Controller  

EU European Union 

GAMS General Algebraic Modeling System 

NRA National Regulatory Authority 

OPEX  Operation costs 

PBP Price Based Programs 

RTP Real Time Pricing  

TOU Time Of Use 

TSO Transmission System Operator 
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1 Introduction 

This chapter gives an overview and background description related to the subject, 
followed by sections that specify the objectives and issues that are addressed for 
this study. The chapter ends with a disposition, which enables the reader with an 
overview of the structure of this report.   

1.1 Background 
The energy market around the world, in particular in Sweden, is under 
substantial transformation and shift towards the so-called “Smart Grid” 
paradigm. The term smart grid is very general and broad, but it refers an 
“updated electrical system for managing electrical energy delivery from 
utility providers to the end users” [2]. The concept of smart grid 
technology enables, in collaboration with market legal regulation in the 
power market, several benefits for all the stakeholders in the energy 
market (e.g. customers, distribution system operators (DSOs), utilities etc.) 
that enables improvements in efficiency performance along with reduced 
costs and reduced environmental impact. The concept of environmental 
sustainability is vital to implement into the society, in order to meet the 
future demand of power while reducing the impact on the climate.  

Several studies has been performed on how to improve the energy 
efficiency by implementing demand response technology [3]. 
Unfortunately, it has not been successful implementation, regardless of the 
increased interest of studies on the topic, indicating that the shift to the 
smart grid paradigm is not demonstrative enough. According to [4] only a 
small number of members in European Union (EU), such as Belgium and 
Switzerland, has successfully integrated and applied demand response. 
The barriers of implementing demand response are depended on the rules 
of the market, which are linked to the regulation rules [5].  

The commissions of the European committees are aware of today’s issues 
as well of the future challenges in the energy market and have therefore 
set directives for all the members in the commission. The directives are 
based on reaching the so called 20/20/20 targets by 2020 [1].  

One of the directives focus on meliorating the energy efficiency with 20 
percent. In order to fulfill that particular target, governments have to take 
action and introduce management control measure such as announcing 
incentives for stimulating and leading the energy market into the right 
direction and actions. The Swedish regulatory authority, The Swedish 
Energy Market Inspectorate (Ei), which is part of the European 
commission, operates under the Swedish government and has the 
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responsibility to fulfill and create conditions that are in line with the 
directives. Introduced in 2016, Ei has updated and modified their 
regulation model of the DSO’s revenue cap framework, by implementing 
incentives specifically focusing on efficient utilization [6]. In this case 
efficient utilization refers to; 1) improving the load factor, 2) reducing the 
cost feeding the grid and 3) reducing network losses. The DSO will benefit 
from the incentives if the DSO improve/fulfill the requirements of 
efficiency utilization, which in practice will stimulate the shift to the smart 
grid paradigm.  

Previous study from [7] has described how the investments, specifically 
considering integration of distributed generation, how the DSOs might be 
affected by the updated revenue regulation. The impact of these incentives 
has not yet been evaluated in order to understand if the introduced 
incentives for efficient utilization are stimulating and effective enough for 
the DSO in the electricity market.  

One of the purposes of this study is to analyze a number of calculation 
methods of the load factor. The result from the study will provide 
demonstrative and valuable information, which may give valuable input 
for Ei on how to improve the interplay with the DSO. This report also 
aims at developing an optimization model for maximizing the DSO’s 
dividends from the incentive framework that is proposed by Ei.  

1.2 Demarcation 
This master thesis has its focus on studying the incentives for efficient 
utilization, highlighting two areas of the topic: methods of quantifying the 
load factor and develop optimization model. The study is based on a case 
that operates on level of the local power distribution; subsequently the 
regulatory framework and calculations are adapted to the specific level of 
the power network.  

1.3 Commissioning body 
This study is performed behalf on collaboration between KTH Royal 
Institute of Technology, Electromagnetic department, and the Swedish 
regulatory authority, Ei. Further and deeper description of the 
organization can be seen in section 2.5:Swedish Energy Market Inspectorate – 
an authority that is responsible for development and supervision of the 
infrastructure of the power market.   
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1.4 Purpose of the study 
This master thesis has its core in studying the incentive framework, by 
approaching two areas of the topic. In the first set of the study, focus is on 
analyzing calculation methods of the load factor, which assigns the 
utilization rate. Consequently, a specific demand response technology is 
being applied to demonstrate improvement in energy usage, which is a 
requirement in order to receive an incentive bonus. Thereof to investigate 
and assess how each method will incite to action towards efficient 
utilization and effect on the dividends from of the incentive framework. 

 The second part of the study, has the aim to demonstrate how a DSO 
could optimize its performance considering Time Of Use (TOU) 
technology and the incentive constraints, thereof to withdraw the 
maximum reward of the incentives.  

This reports aims to provide material for Ei for evaluating, weather if 
method of calculating the load factor strives for efficient utilization.  

1.5 Ethical Aspects and impact on society 
This study does not invade, benefit, harm, influence on individuals 
mentally nor physically. Data regarding energy consumption that has 
been used for this study cannot be linked to any specific person.  This 
study focuses on technology that has its aim to increase efficient 
utilization of power, which in consequence may influence on societies 
habits of energy usage, and may increase the conditions for an accelerating 
development of environmental sustainability. 

1.6 Disposition 
Chapter 2 contains an overview and general theory on the Swedish 

electricity market structure. 

Chapter 3 describes the DSO 2016 - 2019 regulation model. 

Chapter 4 presents detailed theory on the incentive regulation and the 

methodology on the indicators that are used incentive regulation. 

Chapter 5 describes the theory on demand response technology, thus its 

advantages in increasing efficiency performance. 

Chapter 6 reflects general optimization theory, by that covers the 

principles of constructing an optimization problem.  
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Chapter 7 presents the framework, methodology that is used in this study 

and ends with displaying the set up of the optimization problem. 

Chapter 8 presents results from the simulation, followed with discussion 

and critics regarding the results, methods and the methodology that are 

used in this study.  

Chapter 9 discusses potentials of future work.  
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2 The structure of the Electricity Market in Sweden 

This chapter contains an overall overview of the structure of the electricity market 
in Sweden, including descriptions of the most relevant stakeholders and its 
business performance. Further, this chapter gives a deeper understanding on how 
electricity market is regulated.  

2.1 Electricity market arrangement  
The electricity market in Sweden has changed through the history [8]. 
Today the market in Sweden is complex, due to many factors that 
influence on each other, such as number of stakeholders, location, and 
different market platform, which means the stakeholders have to operate 
under different market and regulation rules. Figure 1, roughly describes 
Swedish electricity market which includes the structure, stakeholders and 
the division of the market platforms.   

The Swedish electricity power system and its financial flow can be 
illustrated as in figure 1, the figure is based on the figure from [9]. Figure 1 
indicates that power is produced in a power plant, such as wind power 
plant etc. The power is then distributed over the transmission power net 
trough the distribution power nets to consumers, such as factories and 
households, which is indicated with yellow color figure 1. Ei shall control 
and regulate the prices for this distribution. Here comes the load factor in 
use as an indicator of efficiency ratio. 

Parallel to this physical power flow, one part of the power producers are 
categorized under the financial power flow, illustrated with blue color in 
figure 1, which is a different market platform. This is not monitored by Ei, 
and is not part of this study.  
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Figure 1. Illustration of the structure of the electricity market, with different levels of 
the power network. The figure has been modified and retouched from [9]. 

2.2 One market – two agendas 
The energy market is divided in two different market platforms, with 
different agendas: trade of electricity and physically transmitting power 
through the different parts of the power infrastructure as indicated in 
figure 1. The division is already made at the top of the hierarchy of the 
electricity market, starting from the level of power producers. Power from 
the generator stations is transmitted through the infrastructure of power 
grid. Despite that power producers plan and assess generation the price is 
of electricity is determined on another platform, on a specific trading 
market called Nord Pool Spot. The price of the electricity is determined by 
market competition, which means the electricity suppliers compete, by 
selling power, to the customers. The purpose of introducing the platform, 
with focus on trading of electricity, was to have electricity prices that are 
adapted to market price [10].  

Unlike the trading platform, which is governed by market competition, 
the infrastructure of the power market and network operations is under 
monopoly. In a market where there is no competition, it has to be 
regulated by laws and operate according to rules that are settled by the 
national regulatory authority. The monopoly is necessary; subsequently it 
would be irrational to have a competing infrastructure since it would be 
both economically and environmentally damaging [6, 11].   
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2.3 Stakeholders in the financial flow  

2.3.1 Generation stations 

Generation stations (refers to power plant in figure 1) are essential in the 
electricity market and therefore placed in the top of the topology in the 
electricity market. With help of power plants such as wind farms plants, 
nuclear power plant, and hydro generation plan etc. power can be 
produced. The quantity of power that has been generated will later be 
distributed through the different levels of the power network down to the 
end users. Stakeholders in this step are able to plan and asses their 
production of power, however, don’t have the right to determine the price 
of the electricity, that is determined in the next instance of the financial 
flow, so called on the trading market  

2.3.2 Spot market – Nordpool 

Nordpool is the northwest European electricity market, an exchange 
platform that is part of the liberalized market based industry. This means 
the price of electricity is based on value of the market since all the 
participants in the trading market; the buyers (electricity suppliers) and 
sellers (power distributors) actively trade with each other. Once there is an 
agreement the price for the electricity is determined [12].  

2.3.3 Electricity supplier  

In Sweden there are over 70 registered electricity suppliers [13] who 
operate in the entire country. The suppliers focus only on selling electricity 
to the consumers. Customers have the right to choose from which supplier 
they want to buy their electricity from.  

2.4 Stakeholders in the physical flow  

2.4.1 Transmission system operator  

The power network also called electrical grid, contains of several power 
lines and other power equipment across the country. With help of these 
lines the power can be transmitted to the customers who are located far 
from the producers. Prior transmitting the power to the end user, the 
power has to pass different grid levels, see figure 1. The highest level of 
the power network is called transmission level, which is classified as high 
voltage, typically levels are from 220kV to 400kV, and operate across 
Sweden, from north to the south of Sweden. There is only one 
transmission system operator (TSO), which is responsible to enable 
reliable the long distance delivery of power. Due to the monopoly of the 
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high voltage level need to follow laws and rules, which imply reliable and 
firm level of business performance.  

2.4.2 Sub transmission operators  

Once the power reaches the second tier of the power network, it has to be 
transformed to a lower level of voltage, typically between 30 kV to 220 kV. 
These lines are monitored and operated by the biggest power companies, 
called sub transmission operators, who have its own geographical area. 
Area they cover together is approximately 94 % of the entire regional 
power network [14, 15]. 

From the second tier of the power network, majority of the electricity from 
the high voltage level power can be transmitted and delivered to the 
industries that require high level of power for their businesses. The 
remaining power will be transferred to the local network level of the 
power network.  

2.4.3 Distribution system operators 

The major part of the energy consumption occurs on the local voltage level 
of the power system. The power that is transmitted from sub transmission 
level that involves higher voltage being transformed and adapted the local 
level of the power distribution network. The DSO who operates on this 
level of the power network is responsible to deliver the agreed amount of 
power to the end user. Today there are over of 170 distribution system 
operators in Sweden, who operate and supply households with power 
who are located in their own geographical network area. Compared with 
the suppliers in the electricity market, end users cannot to choose the 
distribution system operator, since the power infrastructure operates 
under monopoly.      

2.5 Swedish Energy Market Inspectorate – an authority that is 
responsible for development and supervision of the 
infrastructure of the power market.  

Due to the monopoly in the Swedish energy markets, hierarchal structure 
and inadequate of competition in the physical flow of the energy market, 
the power market has to be regulated and supervised by a regulation 
authority, figure 2. The NRA operates on behalf of the Swedish 
government and is therefore independent from interest of the industry 
[16]. This to prevent the negative socio-economic effects and negative 
unevenly division of powers, such as high prices and poor quality of 
power supply [17]. Ei is the national regulatory authority that operates on 
behalf of the Swedish Government. The authority is compelled to regulate 
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the rules for the system operators in the market, by reinforcing laws and 
regulation agreement. Regulation polices enable maneuverable changes 
that can effectively influence the power market. According to [6], 
supplementary core obligations for the national regulatory authority, Ei, is 
to:  

• Monitor and control the stakeholders of the power network, thus to 
ensure if they perform under the laws and regulation rules.   

• Ensure an accessible and reliable power delivery to the end users. 
• Objectively inspect, if the system operators realistically charge their 

customers, according to the national laws (1997:857 ) [18] for 
transmission and connection of power. 

• Enforce directives from the Swedish government and from 
European Commission. 

• Collect essential data in order to dictate the revenue frame for the 
stakeholders whom operate on sub transmission and distribution 
system power network level (see section: 3 Revenue cap regulation). 

 

Figure 2. Illustration on how Ei operates in the physical flow of the energy market. 
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3 Revenue cap regulation  

This chapter enables a deeper description of one the core obligations, specifically 
on the revenue cap framework model, that Swedish Energy Market Inspectorate 
are responsible for.  

3.1 Approach for assessing the revenue  
Based on directives from EU, the Swedish regulatory authority has since 
2012 applied ex-ante revenue regulation [19] which is qualified for a 
period of 4 years [19, 20]. The assessment of the revenue is based on high 
amount of data, e.g. the cost of the network fees that the DSO charge their 
customers. The reason is to objectively endeavor and ensure to create the 
best conditions for growth and ensure that the customers are not 
discriminated and overcharged [11]. The quality of supply is as well 
essential in the revenue asset, this to create conditions and maintain a 
well-functioning supply of electricity in the society. In total, the authority 
includes over hundreds of input data in the revenue asset, however some 
of the input data remain being unchanged, and others are being updated 
[21]. Simply, the approach for assessing the revenue is structured after 
operation costs (OPEX) and capital expense (CAPEX), with readjustments 
of quality of network performance [17]. Figure 3, depicts the flowchart of 
the regulation appliance for the period of 2016-2019 [22]. In the following 
section: 3.2 Structure of the 2016 – 2019 revenue cap framework, concisely 
discloses structure of the revenue cap regulation.    
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Figure 3. Flowchart on how the revenue cap is determined, based on reference from 
[22].  

3.2 Structure of the 2016 – 2019 revenue cap framework  
As previously mentioned, the 2016 - 2019 revenue regulation is based on 
large volume of data. However, the structure of the revenue framework is 
generally adapted along OPEX and CAPEX. In the following sections 
gives a deeper description on the divisions of the revenue cap model. 

3.2.1 Operational Costs  

OPEX fall into two broad subcategories, controllable and non- controllable 
costs, which as a whole is based on the DSO costs in order to maintain the 
business operating.  The purpose of the division of operational costs is to 
enable to introduce mechanisms that endeavors conditions in system 
performance, this to positively affect the costs as well to stimulate and 
encourage a specific business performance. The outcome of the improved 
system behavior will benefit the distribution system operators as well for 
the customers with reduced costs [23].   

3.2.1.1 Non- controllable costs  
Non- controllable costs are costs that are considered be constant, the DSO 
doesn’t have the possibility to influence these costs, such as the 
compulsory and running agency fee from the regulatory authority [23]. 
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These costs are therefore directly transferred and added into the revenue 
calculation.  

3.2.1.2 Controllable costs  
Controllable costs, in contrast to non- controllable costs (see section: 3.2.1.1 
Non- controllable costs), are not considered to be constant. Therefore can 
theses cost be influenced and modified by the DSO. These running costs 
that in the shape of: maintenance, administrative and office expenses etc., 
its spending patterns can be influenced and modified. According to [20] in 
2016-2019 revenue cap model controllable costs have been updated with 
efficiency requirement, which means  that EI have created conditions in 
shape of incentives that encourages the DSOs to improve their business 
performance. Incentives are given if the DSO improves quality in the 
network performance in the shape of the network losses and efficiency 
performance, also known as the load factor (see section: 4.3 Efficiency 
requirement in the Swedish revenue model). In general improved 
performance, in case of lowered controllable costs, results in higher 
revenue and vice versa for impaired behavior. However capital costs have 
to be included in the calculation in order to determine the total outcome of 
the revenue cap. 

3.2.2 Costs of Capital 

The second part of the revenue cap calculation is based on CAPEX, which 
is further breaked down to the capital base and the DSO financial situation 
in case of deprecation and return on fixed assets. Fixed assets are 
considered being necessary equipment, both owned and rented, that are 
essential of financing in order to maintain business performance of 
delivering electrical energy [20]. 

Since some part of the equipment of the power system is old, it has been 
challenging for the DSOs to estimate the value of it and therefore 
complicating the calculation of the capital base. In order to come around 
these challenges, the NRA (Ei) established norm values for several 
equipment [20]. 
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4 SMART GRID approach in the revenue calculation - 
introducing requirement of efficient utilization  

This chapter describes a deeper description of the efficiency requirement in the 
revenue cap framework, starting with background, continuing with the theory of 
incentive of efficient utilization and ending with presentation of a calculation 
method from previous work that might be a potential method of calculation in the 
incentives for load factor improvement. 

4.1 Background of energy efficiency  
The energy sector stands in front of a reconstruction with multiple 
challenges, like: the switch- over intention to environmental friendly 
power production, high variations in oil prices and risk for rapid change 
in the consumption pattern in energy usage, depending for example on 
the momentum of electrical vehicles.  

A way to approach challenges, its necessary to establish conditions that 
constantly purse to develop and integrate smart grid technology into the 
society. By joining and taking the advantage of this concept enables 
several benefits for the all the stakeholder in the energy market, in the 
shape of energy efficiency, which in turn inhibits the growth of the 
aforementioned challenges. 
  
Energy efficiency can be accomplished in various ways. One way is to 
update the power system with so called smart grid equipment. Another 
possibility is to, enforce political decisions by assigning directives that 
induce action. Before enforcing mechanisms it is necessary to measure the 
systems efficiency performance, which provide valuable information 
systems consistency demand of power – also known as the load factor. In 
section 4.2 Load factor calculations, gives a deeper description of the load 
factor and how it can be calculated.  

4.2 Load factor calculation 
In terms of power engineering, the load factor refers to the ratio of average 
energy usage in a given time period, divided with the peak energy during 
the given time period. In other words the term load factor is simply 
explained as a measurement of efficiency of electrical energy usage during 
a defined time period [24]. Figure 4 illustrates how the load factor is 
calculated. The standard for calculating the load factor over a period of 24 
hours is defined as:    

𝐿𝑓!"# =
!"#$%&#(!!,!!,!!,...,!!)
!"# (!!,!!,!!,...,!!)

  , 1 ≤t≤ 24                                            (1) 
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Where, 

𝐿𝑓!"# = Load factor, efficiency ratio in energy usage during a period of t 
hours.  

𝐸!= Energy usage during a specific during a day that involves 24 hours, 
where t is defined between 1 ≤ 𝑡 ≤ 24 hours. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐸!,𝐸!,𝐸!, . . . ,𝐸!) = Average energy usage during a day of t 
hours. (MW)  

𝑀𝑎𝑥 (𝐸!,𝐸!,𝐸!, . . . ,𝐸!) = Peak energy during a day of t hours. (MW) 

 

 

Figure 4. An illustration on a load curve profile under period of 24 hours, where E(1) 
corresponds to energy usage during the first hour of the day. E(2) corresponds to 
energy usage during hour 2 of the day.  Hour with the highest energy consumption is 
defined as peak load. 

A high load factor indicates a stable consumption and good spreading of 
energy usage trough out the day.  A load factor equal to 1 indicate a top 
performance in energy usage and that there is spreading in energy usage 
thought the day, vice versa when the load factor is 1/24 which indicates a 
high level fluctuations. 

4.2.1 Load factor under a period  

Calculating a load factor for period that is longer than a day of 24 hours 
provides information on averages effectiveness of energy usage during a 
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defined period. The Swedish NRA, Ei, use this calculation method with a 
period of 365 days in incentive framework. For a period of one year, the 
average value of efficiency ratios for each day are added together and 
divided with total of days under the year. Load factor for a period of 
multiple days is:   

𝐿𝑓_𝐷!"#$!%& =  𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐿𝑓1, 𝐿𝑓2, . . . , 𝐿𝑓𝐷𝑁)                                (2) 

Where,  

𝐿𝑓_𝐷!"#$!%&= Load factor for a period of defined days. 

𝐿𝑓!!= Load factor, efficiency performance for a specific day during a 
period.  

𝐷!= Refers to the total number of days during regulatory period. 

4.2.2 Load factor during a period - Prioritizing days with higher energy 
usage  

In a previous study, a master thesis from [25] presents calculation method 
of the load factor, which focus on weighing the days with higher energy 
usage instead of all days in the period. This calculation method highly 
depends on the weighting exponential factor. 

Instead of calculating the average value of load factors, during a specific 
period, days with higher energy usage should be prioritized and weighed 
in the efficiency calculation, due to fact these days are considered being 
the peak days which causes damage in a stable load consumption.  

The formula of a load factor, which prioritize peak days under a period 
365 days: 

𝐿𝑓_𝐺!"#$!%& =  
!!"#
!

!!"#
!!"#

!"#!!

!"#
!"#!! ∗ 𝐿𝑓!"#                                  (3) 

Where, 

𝐿𝑓_𝐺!"#$!%&= Load factor under a period, which prioritize the days with 
higher energy usage. 

𝐸!"#! = Energy usage under a specific day. (MW) 

x = An exponent, the weighed variable, which is defined from x>1. 

𝐿𝑓!"#= Load factor during a day. 
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𝑑𝑎𝑦= Corresponds to a specific day during the regulatory period. 

As previously mentioned by applying a weighted load factor, days with 
higher energy usage matter more depending on how big the exponent is 
defined. In extreme cases defining x=0 results in average load factor 
calculation. Defining x=∞, only the day with the highest energy usage, its 
load factor is considered in the entire load factor calculation.  

4.3 Efficiency requirement in the Swedish revenue model  
Due to EU’s directive [1], incentives for efficient network performance 
have been applied in the Swedish revenue framework. The incentive is 
aimed to stimulate energy usage which will influence on reduced network 
losses (see section: 4.3.1 Financial indicator of Network Losses) and 
improving the load factor (see section 4.3.2 Financial indicator of load factor). 
Since the amount of load is coherent and linked to the costs of feeding the 
grid, the costs of feeding the grid will be affected as a consequence of the 
change in energy usage. The incentive for improving the load factor and 
reducing the cost of feeding the grid is constructed that the DSO can never 
be penalized for inhibited accomplishment in using the energy 
consistently. This is however not the case for the incentive of reducing 
network losses, inhibit performance with increased amount of network 
losses will penalized. 

The motive of targeting these three mentioned factors and imposing them 
in the incentives framework, are that these factors are associated to the 
energy production. Improved values in system performance is a result in 
reduced and stabile the energy consumption [17]. The DSO, which has 
enhanced its performance by using power more effectively by spreading 
its energy use out, will not only meet the requirement of efficient 
utilization, it will as well carry additional money in the revenue if the sum 
of the two incentives are positive. In case if the sum of the incentive is 
negative the DSO will be penalized with a charging fee. The bonus and the 
penalty comes however with a limitation, which covers +/- 5 percent of the 
total revenue after the quality adjustment.  

4.3.1 Financial indicator of Network Losses 

Network loss is an undefined term. The regulatory authority, use the 
following description of network losses as “the loss that occurs when 
electricity is transmitted between the feeding point and the out point of 
the grid” [17]. Due to the vague description, both technical and non-
technical network losses are included in the incentive calculation. 
Measurement of network losses is defined as the difference in energy fed 
into the grid versus energy that comes out from the grid. The method of 
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calculating network losses is based on the difference in the network losses 
between the present data and historical data and the value of the total 
transmitted energy. The Swedish Energy Market Inspectorate, have 
formulated the calculation for network losses as followed [17]:  

𝐾! = (𝑁𝑓!"#$ −  𝑁𝑓!!"#$%&) ∗ 𝐸!"!!"#$%&' ∗ 𝑃!"# ∗ 0,5                  (4) 

Where, 

𝐾! = Result of the financial incentive for network losses (in kSEK), which 
decide whether it will generate a mark or a penalty, in the form of 
deductions, in the revenue cap calculation.  

𝑁𝑓!"#$ = Norm value for network losses, which is based on the historical 
data from the previous regulatory period. Network losses are listed in 
percent.  

𝑁𝑓!"#$!%& = Outcome of network losses, which are valued in percent, 
during the period of supervision. 

𝐸!"!!"#$%&'= Total amount of energy that has been withdrawn during the 
period of supervision. Energy is listed in MWh. 

𝑃!"# = Price for network losses.  Price for network losses is individually 
decided for each DSO by the NRA. The price for network losses is listed in 
kSEK/MWh. 

The incentive for reducing network losses comes with limitations, 
regardless if the outcome of the calculation is positive or negative, half of 
the outcome is split between the DSO and its consumers.  

4.3.2 Financial indicator of load factor 

In order to attain efficiency in the electricity grid it requires a more smooth 
load curve which can be accomplished by releasing power capacity, 
however it entails active involvement from distribution system operator, 
its customer as well as the regulatory authority. 

The Swedish regulatory authority has therefore defined a financial model, 
which is based on the efficiency of electrical energy usage in the power 
system. The model is a steering mechanism that has its aim to stimulate 
the demand of active participation, which goes in hand with main goal of 
efficiency requirement.  

In order to create an economic incentive for load factor improvement, it 
has to be combined with a monetary value such as a cost parameter and 
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the total amount of consumed energy. The cost parameter, in this case, 
refers to the cost for superior network. The financial indicator of load 
factor is defined as [17]:  

𝐾! = 𝐿𝑓!"#$!%& ∗ (𝐶!"!"#$ −  𝐶!"!"#$%&') ∗ 𝐸!"!!"#$%&'                        (5) 

Where, 

𝐾! = Output value, the economic incentive for load factor indicator 
improvement.  

𝐿𝑓!"#$!%& = Mean value of the load factor, which is based on summation of 
daily load factor (Section: Load factor), dived with the sum of days under 
the regulatory period.  

𝐶!"!"#$ = Aggregated cost for superior and contiguous network, plus 
compensation cost for the supply of electricity. Divided with the total of 
amount of energy. The data is based on historical values under the norm 
period (2010-2013).  

𝐶!"!"#$%&' = Aggregated cost for superior and contiguous network, plus 
compensation cost for the supply of electricity. Divided with the total of 
mount of energy. The data is based on under ongoing regulatory period 
(2016-2019). 

𝐸!"!!"#$%&'= Total amount of energy that has been withdrawn during the 
period of supervision. Energy is listed in MWh. 

The incentive for load factor improvement is a lucrative incentive that can 
only provide additional money to the revenue calculation. The 
distribution system operator cannot be charged or penalized for 
compromised result.  
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5 Approaching energy efficiency with use of Demand 
Response Management 

This chapter describes demand response management and demand response 
applications, proceeding with a description of modulation for price-based 
programs. 

5.1 Market opportunities with Demand Response Management  
Demand Response management have been recognized and related for 
overcoming unflattering electrical demand by restructuring the load 
profile. According to [26] Demand Response is a sub category of Demand 
Response management, and is being one of the leading topics in the Smart 
Grid development of the energy market. Despite of high rate, the 
technology has not been sufficiently prioritized and is unexploited 
resource despite its potential of increasing the energy efficiency. The term 
and the concept of Demand Response is significantly broad and old, 
which is defined according to [27] being aimed to “overcome the 
“traditional” inflexibility of electrical demand and, amongst others, create 
a new powerful tool to maximize deployment of renewable energy 
sources as well as provide active network management solutions to help 
reducing the impact of limited grid capabilities”. The concept of Demand 
Response Management has already been practiced since 1970, however 
under the generic name load management [27]. 

Recently, Demands Response Management have been more highlighted 
and increasingly developed in step with a response of higher demand of 
energy efficiency. Nowadays Demand Response Management enable 
several different technologies and programs which are developed and 
classified after predefined categories which include specific solution 
performance [26], see figure 5.  The large amount of technologies and 
programs enables the distribution system operators to choose which 
technology, based on its circumstances and motivations [28], is suitable for 
decreasing the total energy usage and/ or overcoming peak periods in the 
load profile.  The reformation the load curve is built by the principle of: 
peak shaving, load shifting or valley filling, see figure 6.  
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Figure 5. Topology of demand response and its programs [26]. 

 

Figure 6. Solutions of demand response application. 

5.2 Incentive Based Programs 
Incentive based program (e.g. Direct Control, Demand Bidding, 
Emergency, Capacity Market etc.) refers to encourage and motivate 
customers to reduce the energy consumption during the strained hours of 
energy usage, which equals to high electricity prices, by giving incentive 
payment by the distribution system operator [29].   

5.3 Price Based Programs  

The principle of price based programs such as Time-Of-Use (TOU), Real 
Time Pricing (RTP) and Critical Peak Pricing (CPP), are built on designing 
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tariffs for specific time periods during the day instead of a flat tariff rate of 
energy usage. During these defined time periods, depending on the total 
energy demand level, customers receive information of the cost of 
electricity.  The information of the price patterns enables customers 
change their energy usage to low peak hours and thereby influence on 
their electricity bill. 

5.3.1 Time of Use  

TOU is a concept that refers to a schedule when it’s suitable to consume 
energy versus when it is not suitable. The schedule is adapted after two 
variables, time and rate plans. Peak hours refer to the hours of the day, 
which have highest demand of energy. In order to decrease congestion 
and the high demand of energy, the distributor system operator use a 
higher price for electricity, to influence on customer’s behavior of energy 
usage hence to shift the consumption to the low peak hours. By shifting 
energy usage to the low peak hours, when the demand of energy is low, 
customers are charged with a lower rate of the electricity price, see figure 
7.   

 

Figure 7. Illustration of TOU program and it’s on and off peak hours with its rate plan 
[30]. 

5.3.2 Critical Peak Pricing 

CPP is built on the same principle as TOU, adapting price rates of 
electricity to specific hours of the day. However, compared to TOU where 
the price rates are fixed to specific hours, in CPP tariff rates can change 
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and update for one or several time periods [28, 31]. Most often these 
changes occur when then power system is stressed. 

5.3.3 Real Time Pricing  

RTP, the price rates are adapted after real time pricing, which means the 
tariffs on electricity price is frequently updated through the day [28]. 
Active customer participation is a key factor to ensure successful uptake of 
the implantation of the RTP program. To increase the uptake of the RTP 
program, customers have to be supported from technology that e.g. 
informs the customer when if it is suitable to use energy. This technology 
is called Energy Management Controller (EMC). The information and 
support from the EMC enables the customer actively influence on its 
energy usage.  

As previously mentioned PBP (see section: 5.3 Price Based Programs) are 
built according to tariffs modifications of the electricity price. The design 
for the tariffs involves after the so-called customer’s price elasticity of 
demand (6), which is a financial measurement equipment that is essential 
in the determination of the price of electricity. The term, price elasticity of 
demand is a generic term in which the price of energy is guided out of the 
supply and demand for energy, figure 8.  

 

Figure 8. Illustration of function of the price elasticity, how demand of power change 
with respect to change in the electricity price.  The figure is depicted from [32]. 

As illustrated in figure 8, the bigger price elasticity a larger impact will be 
on the market price [32]. 
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Records from [33] report show that price elasticity for Swedish households 
is at -0,007 percent. Price elasticity (6) is a key element in price based 
programs and is determined after based on the values of: self- and cross 
elasticity. Cross- elasticity refers to the part in the demand response 
application to “the shift of demand to the other commodity” [34], which 
should be defined with a positive value. Self-elasticity refers to its change 
of energy usage, which should therefore be defined with a negative value. 
The demand response model could be formulated using price elasticity of 
demand as [35]:  

 𝒅 𝒊 = 𝒅𝟎 𝒊 + 𝑬 𝒊 ∗ 𝒅𝟎 𝒊
𝒑𝟎 𝒊

∗ 𝒑 𝒊 −  𝒑𝟎 𝒊 + 𝑷𝟎 𝒋
𝒅𝟎 𝒊

∗ 𝝏𝒅 𝒊
𝝏𝒑 𝒋

∗𝟐𝟒
𝒋!𝟏

𝒅𝟎 𝒊
𝒑𝟎 𝒋

∗

𝒑 𝒋 −  𝒑𝟎 𝒋 , 𝒊 = 𝟏,𝟐,𝟑, . . ,𝟐𝟒 ; 𝒊 ≠ 𝒋                                                       (6) 

Where,  

𝑑 𝑖  = Energy demand after demand response application. Refers to the 
energy during a specific hour of the day. (MW/h) 

𝑑! 𝑖  = Initial demand, under a specific hour of the day. (MW/h) 

!! !
!!(!)

∗ !" !
!" !

∗!"
!!!

!! !
!! !

 = Cross-elasticity, increase of energy usage. (%) 

𝐸(𝑖) ∗ !! !
!! !

∗= Self- elasticity, reduction of energy usage. (%) 

𝑝 𝑖 = Electricity price during low peak hours. (SEK/MWh) 

𝑝 𝑗  = Electricity price during high peak hours. (SEK/MWh) 

 𝑝! 𝑖 = Initial price for electricity. (SEK/MWh) 

𝑃! 𝑗 = Initial price for electricity. (SEK/MWh) 

 

 

 



 
 

6 Assessing maximum reward of the incentive of 
efficient utilization – optimizing energy efficiency 

This chapter gives an introduction to applied optimization, its principle and 
general approach of solving optimization problems.   

6.1 Introduction to applied optimization  
In many different business areas, not at least in the business of the 
distribution system operators, are faced to take decisions related to 
activities in the business, where the focus is to find optimal solutions 
(maximize or minimize) for the operational process. Using optimization 
technology, by designing processes creating and solving mathematical 
optimization models pinpoints and “provide a better alternative for 
decision making in these situations” [36] on what the DSO should 
confront in order to achieve optimal business operation. 

Since the DSOs has a key role, in an intelligent manner, to successfully 
performing changes related to energy issues, it has become a necessity to 
use optimization technology to meet the challenges with respond of 
energy efficiency and adjustment in the peak demand. The interest of 
studies focusing on optimization models, specifically on DR have since 
2009 increased exponentially, see trend in Figure 9 [28]. Today DR 
optimization problems are defined and classified after its aim of 
optimization and technique for solving the problem [28].  

 

Figure 9. The curve depicts the increased number of studies on optimization with the 
focus on DR programs. The table comes from [28]. 
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6.2 General framework of defining, solving and optimization 
problem - General approach of solving an optimization 
problem  

In order to achieve optimum solutions for the issues the DSO is 
continually facing, reasonable price rates and high quality in the delivery 
of power, it has become more and more important and imperative to 
design business operations, with respect to its limitations. The design of 
business operation and processes, are in principle build on mathematical 
models, and can therefore be described in mathematically language. 
Complex system operations may be governed and built on several 
relations and performance objectives. With use of optimizations tools, 
which are built on mathematical optimization theory, provides optimal 
solutions systems with respect to its defined requirements and domain set 
up, the feature of the optimization problem.  

Solving optimization problems is according to [36, 37] theory guided, 
which entails and built on a gradual process.  Figure 10 illustrates the 
entire process, with five fundamental steps of solving an optimization 
model: 

1. Understanding the process and identify the problem. – How does 
flow of the process work?  

 
2. Define the target – The definition of the target is based on two 

questions: What is the objective function? Maximize or minimize 
objective function? 

3. Build a model. The principle of the set-up has it core in the 
objective function (maximize or minimize) subject to defined 
constrains. The set up the model has to formulate after the 
appropriate mathematical domain and algorithm. 

4. Solve - the solving of the optimization based on the set up of the 
model.  

5. Analyze the solution – The optimization will provide information 
of regarding optimal behavior, either local or global solution. Local 
optimum solution refers to the optimal solution among neighboring 
solutions. Global optimum solution gives, in contrast to local 
optimum, the absolute optimum solution. The result of the 
optimization gives the decision makers a basis for assessment.  
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Figure 10. Illustration for the approach of setting up and solving optimization models, 
starting from left. Based on optimization process described in [36]. 

6.3 Maximizing the reward of efficient utilization incentive 
One of the purposes of this study was to investigate and formulate an 
optimization problem that will give a DSO a foundation on how the DSO 
can adapt their business plan in order to achieve maximum reward along 
of the incentive of efficient utilization (section: Purpose of the study). In 
section: Quantifying optimum reward of the incentive - Modeling and 
formulating an optimization problem with use of defined formulations, 
gives a detailed view on the methodology and description on the set up of 
the optimization problem.  

  

1. 
Understanding 
the process and 
identify the 
problem.	

2. Define the 
target	

3. Build a 
model	

4. Solve	

5. Analyze the 
solution	
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7 Methodology and data 

This chapter describes on how this study was performed, which refers to the 
methodology of this study. The chapter begins with an illustration of the 
performance of the study with its different steps, further on in the chapter the 
steps are extensively presented.   

7.1 Schematic overview of methodology 
This quantitative study refers to the aim of investigating the load factor 
models and how it responds to the financial indicator of load factor. 
Figure 9, depicts the structure of this master thesis, the process that 
enables to answer the purpose of this study. 

 

Figure 11. A schematic overview of the process performed in this study. 

7.2 Literature study 
The information came in vast majority from the literature: previous 
studies in the shape of master thesis, doctoral thesis and articles. 
Documents relating to incentives for efficient use and standard values are 
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mainly from The Swedish Energy Market Inspectorate, some of the 
material is posted on their website and some internal information. 

7.3 Facts concerning the data 
The data that has been studied regarding energy usage comes from a 
distributor system operator that is average, in its market size of customers, 
compared to other distribution system operators in the industry.  

Data of usage is not only specified according category; agriculture, 
industry, trade and services, public sector and household. The received 
data is however limited due to focus on and refers to condominium 
apartments, which approximately covers 1400 customers. 

7.4 Calculating the financial indicator of load factor 
The methods of calculating the load factor, which have been presented 
previously in the report, have been used in order to quantify and analyze 
the outcome of the incentive for efficient utilization.  

7.4.1 Modification of calculating the load factor  

The regulatory authority uses a load factor calculation that considers the 
efficiency ratio under a day. By adding all daily load factors and dividing 
with amount of days, gives an average load factor ratio, which responds to 
an average efficiency performance for the entire load profile. Figure 12, 
depicts the optimum behavior of the load profile when average load factor 
calculation is applied in the quantification of the efficiency ratio. As the 
figure depicts optimum behavior, the load profile does not respond to a 
balance in load profile.  In order to achieve a balance and a smooth load 
profile the load factor calculation should therefore be updated with 
several efficiency ratios that includes daily, weekly, monthly, seasonal and 
yearly load factor. Combining and including all load factor calculations, 
enables a method according to equation 7 that is suited for achieving the 
goal of a flatter and smoother load profile, figure 13.  
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Figure 12. Optimal load profile, which corresponds to optimum behavior when 
average load factor is applied in the quantification of load factor. 

 

 

Figure 13. Optimal energy usage through the year enables a flat and smooth load 
profile. 
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The proposed load factor calculation is:   

𝐿𝑓_𝑃!"#$!%& =
 !"!"#$!!"#$%&#(!"!"#$%&')! !"#$%&#(!"!"#$!!)! !"#$%&#(!"!""#$) !!"#$%&#(!"!"#)

!
   (7) 

Where, 

𝐿𝑓_𝑃!"#$!%&= Load factor based an average from several efficacy ratios.  

𝐿𝑓!"#$=!"#(!!,!!,...,!!"#)
!"#(!!,!!,...,!!"#)

 = load factor, under a specified time, a period of 365 

days. 𝑑𝑎𝑦 refers to the number of days, which is defined as 1 ≤ 𝑑𝑎𝑦 ≤ 365. 

𝐿𝑓!"#$%&'=!"#(!!,!!,...,!!")
!"#(!!,!!,...,!!")

= load factor over a season, which contains 91 days. 

During a year there are 4 seasons, which means the index X is ranged 
between 1<X<4. 

𝐿𝑓!"#$!!=!"#(!!,!!,...,!!"#)
!"#(!!,!!,...,!!"#)

= load factor over a month, which contains 

between 30- 31 days. Index Y corresponds to the number of the month, 
which is range between 1<Y<12)  

𝐿𝑓!""#$=!"#(!!,!!,...,!!"#)
!"#(!!,!!,...,!!"#)

 = load factor over a week, an average ratio under 7 

days. Index Q responds to the number of the week, a year contains 52 
weeks.  

 𝐿𝑓!"# =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐸1,𝐸2,𝐸3,...,𝐸𝑡)

Max (𝐸1,𝐸2,𝐸3,...,𝐸𝑡)
 = Efficiency ratio, based on average usage during a 

day, where day is a defined number during an interval of 

 1 < 𝑑𝑎𝑦 < 365.   

 

Quantification of the efficiency ratios: 𝐿𝑓!"#$ ,  𝐿𝑓!"#$%&' ,  𝐿𝑓!"#$!! , 𝐿𝑓!""#$ is 
based on the principle of computing efficiency ratio under a specific 
period (see section: 4.2.1 Load factor under a period). By quantifying the 
average of the different ratios together, point outs the efficiency rate 
through the distinctive time periods: year, seasons, months, weeks and 
days. The distribution system operator is then required to perform 
optimally in the shape of efficient usage, to obtain a high rate of efficient 
utilization. 

7.5 Modeling Time of Use program  
To take advantage of the financial incentives, the distributor system 
operators are required to obtain an improved utilization rate of energy 
usage. In order demonstrate an improved performance in the sense of 
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energy usage, the consumption data from the period 2012-2013 and TOU 
program is being applied in the simulation program MATLAB. The result 
of the load profile from the demand response program will depend on the 
values of the price elasticity for electricity, definition of time for peak and 
low hours and the price for electricity during these hours. Self-elasticity 
elasticity (see section: 5.4 Modulation of Price Based Programs with Price 
Elasticity) for electricity is estimated to be according [33] to be: -0,1 percent. 
This value is imposed in the demand response application, with the self-
elasticity being -0,1 percent and the cross elasticity is defined as 0,005 
percent. Based on the load profile from the analyzed data, hours with high 
demand of energy occur between 16:00 – 23:00 o’clock, remaining hours 
are classified as low peak hours.  The initial value for the electricity price, 
before applying Time of Use application, is 150 SEK/MWh. Electricity 
price during peak hours is defined as 232 SEK/MWh. During the flat price 
rates the electricity price is 93 SEK/MWh. These price rates are determined 
after the mathematical ratio from a case in Hawaii [38]. 
 
A more balanced energy usage, theoretically results into a higher rate of 
efficiency ratio, reduced percentage of network losses and smoother load 
profile due to the balance in energy consumption. The results from the 
simulation are implanted and included in the quantification of the 
incentives for efficient utilization.  

7.6 Quantifying the incentive for efficient utilization – definition 
of costs for superior network and network losses.  

Quantifications of the incentives for efficient utilization are based on 
values from the demand response simulation (total energy usage and 
efficiency ratio), historical and future values. The historical values refer to 
previous percentage of network losses and cost for superior network. The 
outcome of future cost for superior network, after demand response 
scenario, is based and determined after mathematical proportionality. 
Future cost for superior network to feed the grid is (8): 

 𝐶!"!"#$%&' =
!!"
!"#$∗(!!!"!"#$%&')

(!!!"!"#$)
                                  (8) 

Where, 

𝐶!"!"#$%&'= Future cost for superior network, which is based on historical 
value of cost for superior network, multiplied with mathematical 
proportionality. (SEK/MWh) 

𝐶!"!"#$= Historical cost for superior network, which can be found in Ei’s 
norm lists. (SEK/MWh) 
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𝐿𝑓!"#$%&'= Load factor after demand response application. (%) 

𝐿𝑓!"#$= Efficiency ratio before demand response application. (%) 

7.7 Quantifying network losses  
The principle of applying demand response rely on an upgraded 
performance of energy usage, which goes hand in hand with reduction of 
network losses and cut costs. Ratio for network losses after the demand 
response application, is determined and quantified based on mathematical 
proportionality, which is derived on the ratio between energy usage after 
demand response application and the historical value of energy usage 
(before demand response application) multiplied with historical value of 
network losses: The outcome of network losses is quantified as in 
following equation 9: 

𝑁𝑓!"#$%&' =
!!"!
!"#$%&'∗!"!"#$

!!"!!"#$                                 (9) 

Where, 

𝑁𝑓!"#$%&'= Value of network losses in percent, after updated energy 
usage.  

𝐸!"!!"#$%&'= Total energy usage in MW, after demand response application.  

𝑁𝑓!"#$= Network losses in percent, based on Ei norm values.  

𝐸!"!!"#$= Total energy usage in percent, before demand response 
application.  

The relationship in (9) shows that the network losses will increase twice as 
much in percent, when the base case of energy usage is doubled. This 
responds to 4 times higher in network losses, in compared to the base case 
of network losses. An example is constructed in following table, table 1, 
this to depict the relationship of equation 9.  

By adding corresponding variables: 𝐸!"!!"#$,𝑁𝑓!"#$,𝐸!"!!"#$%&', from the 
table 1, in equation 9, this results in 20 % in network losses (𝑁𝑓!"#$%&'), 
see table 1. 
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Table 1. A demonstration of equation 9, which shows how network losses are 
calculated in percent. Base case refers to initial value and last case refers to an updated 
performance.  

Base case   Last case  

Energy (𝐸!"!!"#$) 100 MW  Energy 
(𝐸!"!!"#$%&') 

200 MW 

Network losses 10 MW  Network losses 40 MW 

Network losses 
in % 

(𝑁𝑓!"#$) 

10 𝑀𝑊
100 𝑀𝑊
= 10 % 

 Network losses 
in % 

(𝑁𝑓!"#$%&') 

40 𝑀𝑊
200 𝑀𝑊
= 20 % 

 

7.7.1.1 Assessing optimum reward of the incentive - Modeling and formulating an 
optimization problem with use of defined formulations 

Formulating and solving optimization problem is being a necessity that 
will provide results of the variables that are subject to the objective 
function. In this case the objective function of this optimization problem is 
to maximize the outcome of the financials from the incentive of efficient 
utilization (10). Equation 10 is a sum of equation 4 and 5. The objective 
function involves and number of parameters and variables with its 
constraints which must be taken into consideration. The optimization will 
provide and determine valuable results on: the financial outcome of the 
incentive (INC), network losses (𝑁𝑓!"#$%&'), cost for feeding the 
grid(𝐶!"!"#$%&'), price of electricity during peak (16-23 o’clock) and non-
peak hours, total energy usage and the load factor.    

The equation of the incentives of efficient utilization is nonlinear, since it 
depends on multiple sets of processes. Solving nonlinear optimization 
problems may give insufficient results [28], in the shape of providing local 
optimal solutions. A local optimum solution provides the best result 
within neighboring values. To come around local optimal solutions, it is 
necessary to review all the values and compares them with each other. 
This is only possible if the objective function is continuous.  

The General Algebraic Modeling System (GAMS), is a tool that is aimed to 
model systems for optimum solutions. The program itself finds the most 
appropriate algorithm for solving the optimization problem.   
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The objective function of the modulation is to maximize the reward of the 
incentive, equation 1 and 2, subjected to its constraints.  

7.7.2 Approach of the optimization  

The approach of the optimization is based on the theory, described in 
section: General framework of defining, solving and optimization problem 
- General approach of solving an optimization problem. The goal of the 
optimization is to allow the DSO to adapt the system performance in order 
to maximize the financial growth of the incentive of efficient utilization. 
The outcome of the incentive depends on number of parameters and 
variables. So, the objective function is as followed: 

Maximize 𝐼𝑁𝐶 = 𝐸𝑡𝑜𝑡𝑂𝑢𝑡𝑐𝑜𝑚𝑒(𝐿𝑓𝑂𝑢𝑡𝑐𝑜𝑚𝑒 ∗ 𝐶𝑆𝑁𝑁𝑜𝑟𝑚 −  𝐶𝑆𝑁𝑂𝑢𝑡𝑐𝑜𝑚𝑒 +  (10) 
                           + (𝑁𝑓!"#$ −  𝑁𝑓!"#$%!") ∗ 𝑃!"# ∗ 0,5   

Where INC is a variable that stands for incentive for efficient utilization, 
which depends on the number of parameters (𝐶!"!"#$,𝑁𝑓!"#$, 𝑃!"#) and 
variables (𝐿𝑓!"#$%&' ,𝐶!"!"#$%&' ,𝐸!"!!"#$%&' ,𝑁𝑓!"#$%&'). These four variables 
have been defined with following equations 3, 4, 6, 8 and 9. The objective 
function is nonlinear, since these expressions impose on each other. The 
set of the optimization problem is as follows, by inserting the values in the 
equations 3, 4, 6, 8, 9 and 10:  

Maximize: 

  𝐼𝑁𝐶 = 𝐸𝑡𝑜𝑡𝑂𝑢𝑡𝑐𝑜𝑚𝑒(𝐿𝑓𝑂𝑢𝑡𝑐𝑜𝑚𝑒 ∗ 𝐶𝑆𝑁𝑁𝑜𝑟𝑚 −  𝐶𝑆𝑁𝑂𝑢𝑡𝑐𝑜𝑚𝑒 +        (10) 

           + (𝑁𝑓!"#$ −  𝑁𝑓!"#$%&!) ∗ 𝑃!"# ∗ 0,5) 

Subject to:  

𝐿𝑓!"# =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐸1, 𝐸2, 𝐸3, . . . , 𝐸𝑡)

Max (𝐸1, 𝐸2, 𝐸3, . . . , 𝐸𝑡)
 

𝐿𝑓!"#$!%& =  𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐿𝑓1, 𝐿𝑓2, . . . , 𝐿𝑓𝐷𝑁), 𝐷!=1,2,3,…,365  

𝑁𝑓!"#$%&! =
!!"!
!"#$%&'∗!"!"#$

!!"!!"#$ , Nf!"#$%&' > 0 

𝐶!"!"#$%&' =
!!"
!"#$∗(!!!"!"#$%&')

(!!!"!"#$)
, C!"!"#$%&' > 0 

𝐸!"!!"#$%&' =
𝑠𝑢𝑚(𝐸 𝑖 + 𝐸 𝑖 ∗ !! !

!! !
∗ 𝑝 𝑖 −  𝑝! 𝑖 + !! !

!! !
∗ !" !
!" !

∗!"
!!!

!! !
!! !

∗ 𝑝 𝑗 −

 𝑝! 𝑗 ), i = 1,2,3, . . ,24 , i ≠ j  , 𝑗 = 1,2,3,… ,24 
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Where,  

INC = Incentive for efficient utilization, which involves the incentives, 
reducing network losses (1) and improving the load factor and cost for 
feeding the grid (2) in unit SEK. 

𝐸!"!!"#$%&' = The total energy usage, during a period of 365 days, after 
demand response implementation (6) in unit MW. 

𝑝! 𝑖 =Initial price for electricity, in this case it is 150 SEK/MWh. 

𝑝! 𝑗 = Initial price for electricity, in this case it is 150 SEK/MWh. 

𝑝 𝑖 = Price variable for electricity during non - peak hours, defined 
between 5,4 – 150 SEK/MWh.  

𝑝 𝑗 = Price variable for electricity during peak hours, which should be 
defined between 800 – 150 SEK/MWh.  

!! !
!!(!)

∗ !" !
!" !

∗!"
!!!

!! !
!! !

 = Cross-elasticity, responsiveness of demand when 

price is decreased in percent. 

𝐸 𝑖 ∗ !! !
!! !

= Self-elasticity, responsiveness of the decrease in demand 

during peak hours in percent. 

𝐿𝑓!"#$!%&= Average efficiency ratio, the mean value of all the daily load 
factors (𝐿𝑓!!). 𝐷! refers to specific day of a year, that involves 365.   

𝐿𝑓!"#=Daily load factor, which is average value of the total energy usage 
through a period of 24 hours, divided with the hour with the maximum 
energy usage. Day is variable that stands for a specific day during a period 
of 365 days.     

𝑁𝑓!"#$%&'= Network losses, which is determined after linear 
proportionality between energy usage and network losses (9) in percent.  

𝐶!"!"#$%&'= Cost of superior network, which is determined after linear 
proportionality between efficiency ratio and the cost for feeding the grid, 
(8) in SEK/MWh. 

𝑃!"#= Price for network losses, 450 SEK/MWh is the norm value.   

The entire optimization formulation can be viewed in Appendix. 
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8 Simulations  

This chapter outlines the results of this study, which initially begins with a review 
of the original data, followed by the results of time-of-use application and its data. 
The chapter concludes with an analysis of the economic outcome, demonstrates 
and analyzes the effects on methods of quantifying the load factor, and what is 
required to perform in order to maximize their withdrawal of incentives. In the 
end of the chapter, a summary of the study is presented. 

8.1 Input variables  
To receive a clear overview of the methodology and the procedure of 
quantifying the inventive of efficient utilization, the input variables are 
stated in table 2. The variables are divided accordingly into two categories: 
technical and financial. The technical variables are used for the load 
profile adjustment, demand response implantation. The financial variables 
are input variables that are connected to the procedure of quantifying the 
incentives for efficient utilization. 

 

Table 2. Input variables, both technical and financial of the tariffs. 

 Technical 
variables 

  Financial 
variables 

Weighted load factor, 
with an weighting 

factor of 2 

0,79 
 Cost for feeding 

the grid  
71,44 

SEK/MWh * 

Proposed load factor 0,61  Cost for network 
losses  

450 
SEK/MWh** 

 Load factor 0,76  * Based on 
reported result to 
Ei. 

 

Energy 11 199, 59 
MW 

 ** Average value 
used by Ei 

 

Network losses 4,19 % *    

* Based on reported 
result to Ei. 
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8.3 Technical outcome 

8.3.1 Load profile and energy consumption 

To quantify the outcome of the load profile adjustment, the initial load 
curved of the studied consumption data from a DSO have been modified 
with Time- Of- Use simulation, which is based on the buildings in price 
and the price elasticity (see section: 7.5 Modeling Time of Use program). In 
figure 14 initial load profile is depicted, as seen the load strongly 
fluctuates during different time period, which are related to the different 
weather seasons trough a year. The top curve in the entire load profile 
demonstrates the demand in electricity during the cold winter season and 
vice versa for the summer season. In total the entire energy consumption, 
before imposing of demand response simulation, is 11 199, 59 MW. 

The load profile’s initial appearance and determination of the price 
elasticity resolve the effect of the load profile adjustment. Figure 13 
illustrate the two load profiles from the two cases, base case and the 
resulting case, this to depict an illustrative result for the outcome of 
imposing the TOU program. The red line in figure 13 depicts load profile 
after modifying with TOU program, which is a respond to the 
methodology formulation in section: 7.5 Modeling Time of Use program. In 
figure 14 a scrap of the entire load profile, with the initial and adjusted 
profile, is shown. The result from the TOU simulation indicates that the 
initial load profile could slightly be adjusted and balanced. Even after the 
improvements of the load profile, it still obtains spikes and fluctuations. 
However, in total the entire energy consumption has come down to  
11 005, 79 MW, which is a decrease of 193, 81 MW compared to the base 
case.  
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Figure 14. The initial load profile that responds to 1400 customer’s demand of 
electricity for a period of a year. 

 
Figure 15. Illustration of the initial load curve and the adjusted load curve after 
implementing TOU program. 
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Figure 16. A fragment of the load curve profile from figure 15. 

8.3.2 Quantifying the three scenarios of efficiency ratios 

The quantification of efficiency ratios, are based on the presented 
equations (2),(3) and (7), which in turn have been applied in the two 
different load profiles, from the case base in figure 14, and the after load 
adjustment, the red curve in figure 15. The result, from the base case 
scenario, of the different load factor scenarios in respective to equation (2), 
(3) and (7). 𝐿𝑓_𝐷, 𝐿𝑓_𝐺 and 𝐿𝑓_𝑃, its initial values are presented in table 3. 
 In table 4 it is shown, the outcome of the load factor calculations based on 
the adjusted load profile in figure 15. 𝐿𝑓_𝐺 is quantified after a weighting 
exponential factor of 2.  Figure 17 depicts the outcome of the efficiency 
performance in relation to different values of the weighting exponential 
factor, x.  

Table 3. Initial values, also called norm values, of the system performances, including 
result with different load factor calculation. 

Load factor 𝐿𝑓_𝐷!"#$ 0,76 

Load factor, with an weighting factor of 2 𝐿𝑓_𝐺!"#$ 0,79 

Proposed load factor 𝐿𝑓_𝑃!"#$ 0,61 
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. 

Table 4. Initial values, also called norm values, of the system performances, including 
result with different load factor calculation. 

Load factor 𝐿𝑓_𝐷!"#$%&' 0,81 

Load factor, with an weighting factor of 2 𝐿𝑓_𝐺!"#$!%& 0,84 

Proposed load factor 𝐿𝑓_𝑃!"#$!%& 0,65 

 

 

 

Figure 17. Relation between the efficiency performance and weighting exponential 
factor. 

In figure 18, an identical study on efficiency performance in relation to 
different weighted load factor scenarios is shown. The relation is based on 
data from another DSO during the period 2015-2016.  
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Figure 18. Efficiency performance in relation to weighted load factor, based on data 
between 2015-2016, from another DSO. 

8.3.3 Quantification of network losses 

Data regarding network losses have in the base case been taken from NRA 
norm lists (Ei) for the network losses for the period 2012-2013, which is 
4,19 percent. Since the load profile change due to the insertion of demand 
response program, the result from the network losses will as well adjust. 
To study and quantify the outcome of network losses of the adjusted load 
profile, mathematical proportionality from equation (9) have been utilized 
in the calculation for network losses. The outcome of the quantifications, it 
is shown that network losses have come down to a level corresponding 
4,12 percent, comparing to the norm data of 4,19 percent. This indicates an 
improvement of system performance and improved balance in energy 
usage. Table 5 summarizes the outcome for network losses for the case 
base and for the second scenario of adjusted load profile. 
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Table 5. Network losses, from the initial load profile where the value of network 
losses have been taken from Ei’s norm lists. The outcome of network losses is based on 
the scenario of adjusted load profile and use of mathematical proportionality 
(equation 9). 

Network losses (from the case base) 𝑁𝑓!"#$ 4,19 % 

Network losses (Outcome) 𝑁𝑓!"#$%&' 4,12 % 

8.4 Economic outcome  

8.4.1 Quantifying the cost for feeding the grid. 

The initial value, the norm of cost for feeding the grid, is based on 
reported values to Ei, which was during the period 2012-2013 considered 
being 71,44 SEK/MWh. The costs for feeding the grid after imposing the 
time of use program, is not only depending on the adjustment in the load 
profile and which method of quantifying the load is applied in the 
equation of quantifying the costs for feeding the grid.  The outcome is 
based on the use of mathematical linearity in equation 8, which depend on 
the different load factor scenarios of average (equation 4), weighted 
(equation 5) and proposed load factor calculation (equation 7) is applied in 
quantification. By applying an average load factor calculation in the 
quantification of cost feeding the grid, this results in a cost of 56,17 
SEK/MWh. Table shows the outcome of the calculation, based on the three 
load factor scenarios, which have been in applied in equation for 
quantifying the outcome of the cost feeding the grid. Cost feeing the grid, 
using a weighted load factor, gives 53,94 SEK/MWh, which responds to 
the lowest cost compare to the two other scenarios of load factor. 
Applying the proposed load factor calculation in the quantification of the 
costs for feeding the grid corresponds to 63,88 SEK/MWh, which gives the 
lowest difference in price reduction. 
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Table 6. Costs for feeding the grid based on different methods of quantifying the load 
factor. 

Cost for feeding the grid  (Initial value *) 𝐶!"!"#$ 71,44 SEK/MWh * 

Cost for feeding the grid with  
𝐿𝑓_𝐷!"#$%&' 

𝐶_𝐷!"!"#$%&' 56,17 SEK/MWh 

Cost for feeding the grid with  
𝐿𝑓_𝐺!"#$%&', with a weighting factor of x=2 

𝐶_𝐺!"!"#$%&' 53,94 SEK/MWh 

Cost for feeding the grid with  
𝐿𝑓_𝑃!"#$%&' 

𝐶_𝑃!"!"#$%&' 63,88 SEK/MWh 

*Based on the reported value to Ei   

  

8.4.2 Outcome of quantifying the incentives of efficient utilization 

The final step of quantifying the economic outcome is to use all the 
quantified variables from the technical results: energy usage, efficiency 
ratios, network losses and the financial result of the costs for feeding the 
grid, this to depict the outcome in its total – in the incentive of efficient 
utilization. To do so, the incentives for reducing network losses and 
incentive for improving the load factor and reducing the cost feeding the 
grid, have been separately calculated based on each incentive definition. 
Incentive of network losses turned out be, with use of incentive equation 
(4), 3 466, 82 SEK, for all the load factor scenarios. 

Quantifying bonus of improving the load factor and reducing the cost 
feeding the grid with use of equation 2, show significant difference 
depending on which load factor calculation is applied in the incentive 
calculation. Applying a weighted load factor in the incentive gives 
162 012, 94 SEK in bonus, which gives the biggest outcome of the incentive 
comparing to the other scenarios. By applying an average load factor gives 
a bonus of 156 773, 04 SEK and using the proposed load factor calculation 
in the incentive, brings the lowest bonus of 125 622, 64 SEK. Table 7 shows 
the result of outcome for the incentives depending on which load factor 
calculation is applied in the incentive of improving the load factor and 
reducing the cost feeding the grid. Column to the right of table 7, is a 
summation of the two incentives. Figure 19, illustrates the results from 
table 7, showing the effects in the income depending on which calculated 
load factor is imposed in the incentive regulation.  
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The difference between the biggest outcome and the lowest is 
approximately 6 400 SEK. Applying a weighted load factor gives the 
biggest financial outcome of the incentive of improving the load factor and 
reducing the cost feeding the grid. Using the proposed load factor gives 
the lowest contribution of bonus to the revenue. 

 

Table 7. Result on the outcome of the entire incentive of efficient utilization, including 
results from incentive for network losses and incentive for improving the load factor 
and reducing the cost for feeding the grid. Each scenario is related to the method of 
quantifying the load factor. 

 Bonus for 
superior 
network 
(SEK) 

Bonus for 
network losses 
(SEK) 

Total sum for 
the incentives 
(SEK) 

Load factor 
𝐿𝑓_𝐷!"#$%&' 

156 773 ,04  3 466,82  160 239,86  

Load factor 
𝐿𝑓_𝐺!"#$%&', with a 

weighting exponential 
factor of x=2. 

162 012 ,94  3 466,82  165 479,76  

Load factor 
𝐿𝑓_𝑃!"#$%&' 

125 622 ,64 3 466,82  129 089,46  



 
 

 

 

 

Figure 19. Illustrates the results from table 7 and its effects out the financial outcome from the incentive 
framework. 



58 

8.4.2.1 Additional income in relation to several values of exponential 
function in the quantification of weighted load factor 

One part that of this study was to investigate the impact of different 
weighting scenarios. This by implying several different values of the 
exponential function in the quantification of the weighted load factor. By 
imposing high values of the exponential function, the more critical days – 
days with higher energy usage and its load profile are prioritized in the 
incentive calculation. The weighted load factor could be defined up to 
infinity. In this report several values of the exponential function have been 
studied. Figure 20 depicts the relation between weighted exponential 
factor and how it will response to additional bonus of the incentive of 
improving load factor and reducing the cost feeding the grid. 

 

Figure 20. Growth of income relation to the value of the weighting exponential factor 
x. The result of income growth is only related to the incentive for improving the load 
factor and reducing the cost feeding the grid, which is a part of the total revenue cap.   

8.5 Outcome from the optimization.  
The result of the optimization is based on two different cases. In case 1, 
self-elasticity is chosen to be – 0,1 %. Table 8 depicts, the result of the 
variables that represents the optimal solution. Figure 21 illustrate the load 
profile based on the result in table 8. In case 2, self- elasticity is chosen to 
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be -0,002 %. The result of the optimization is depicted in table 2. Based on 
the values from table, the load profile is depicted in figure 22.   

Table 8. Result of the optimization in case 1. Self- elasticity is defined to -0,1 % 

INC  - Incentive of efficient utilization 
(SEK) 517 156,36 

𝐸!"!!"#$%&'– Energy usage (MWh) 
10 621,15 

𝐿𝑓!"#$%&' −Load factor 
0,76 

𝐶!"!"#$ − Cost for feeding the grid (input 
value) (SEK/MWh) 71,66 

𝐶!"!"#$%&' - Cost for feeding the grid 
(output value) (SEK/MWh) 71,66 

𝑁𝑓!"#$ – Network losses (input value) 
(%) 4,19 

𝑁𝑓!"#$%&' – Network losses (output 
value) (%) 3,97 

𝑝 𝑗  – Price for electricity during peak 
hours (between 16:00-23:00 o’clock) 

(SEK/MWh) 
693,8 

𝑝 𝑖  – Price for electricity during low 
peak hours (between 0:00-16:00 and 
23:00- 24:00 o’clock) (SEK/MWh) 

147,9 

 

Table 9. Result of the optimization in case 2. Self-elasticity is defined to – 0,002 %. 

INC  - Incentive of efficient utilization 
(SEK) 278 109,99 

𝐸!"!!!"#$%&– Energy usage (MWh) 
11 061,13 

𝐿𝑓!"#$%&' −Load factor 
0,82 

𝐶!"!"#$ − Cost for feeding the grid (input 
value) (SEK/MWh) 71,66 
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𝐶!"!"#$%&' - Cost for feeding the grid 
(output value) (SEK/MWh) 55,17 

𝑁𝑓!!"# – Network losses (input value) 
(%) 4,19 

𝑁𝑓!"#$%&' – Network losses (output 
value) (%) 4,14 

𝑝 𝑗  – Price for electricity during peak 
hours (between 16:00-23:00 o’clock) 

(SEK/MWh) 
800,0 

𝑝 𝑖  – Price for electricity during low 
peak hours (between 0:00-16:00 and 
23:00- 24:00 o’clock) (SEK/MWh) 

147,9 

 

 

Figure 21. Load profile between the base case (black curve) versus the load curve after 
imposing DR technology (red curve), which are based on the results from case 1 (table 
8) from the optimization. 
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Figure 22. Load profile between the base case (black curve) versus the load curve after 
imposing DR technology (red curve), which are based on the results from case 2 (table 
9) from the optimization. 
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9 Discussion and conclusion 

In this section outlines to discuss the methodology and understand the results of 
this study, emphasizing on the different methods of calculation the load factor and 
discussion of the impact of the different load factor methods of quantifying the 
load factor. 

9.1 Discussion 

9.1.1 Determination of network losses 

Network losses are one of the key indicators that portray the rate of 
effectiveness of a power network. The method of quantifying network 
losses have in this study been calculated after linear proportionality 
between the load consumption and load power losses (equation 9). This is 
a very general method and not completely reliable for determination on 
economic and operational planning of a power system. Subsequently a 
power system is “unique” in its construction, conditions and 
characteristics, such cable lengths and point angles. Thus it is more 
appropriate run a load flow analysis, which considers the power systems 
characteristics.  

9.1.2 Determination of future costs of feeding the grid  

The method of quantifying future cost of feeding the grid is in this study 
based on formula, mathematical proportionality (equation 8), which 
considers the costs for feeding the grid is being in proportion to value of 
the load factor. This is a simplification in relation to the praxis of the 
determination, which is rather determined after complex connection. Ei 
who determines whether the cost feeding the grid is reasonable, non- 
discriminatory and fair, in their method of resolving this cost other 
parameters are likely taken into consideration in the determination.  

9.1.3 Discussion regarding the load factor calculation  

One of the purposes of this study was to understand the effectiveness and 
the impact of the load factor calculations. Three different methods on 
calculating the load factor; a) average load factor calculation (equation 2), 
b) weighted load factor calculation (equation 3) and c) proposed load 
factor (equation 7), have been imposed in the incentive framework. 
According to the results, each method have noticeable differences 
depicting efficiency performance, which consequently influence on the 
incentive framework dividends. The two methods of quantifying the load 
factor, b) weighted load factor calculation (equation 2) and b) proposed 
load factor calculation (equation 7) have been compared to the base case of 
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load factor calculation (equation 2). Figure 19 depicts the financial 
outcome from the incentive regulation, which depicts noticeable 
differences in the outcome depending which method is imposed in 
calculation of the load factor.  By weighting days with higher energy 
consumption twice as higher compared to days with lower energy 
consumption, the DSO receives 3%, approximate 6 000 SEK, higher 
dividends from the incentive compared to the base case (equation 2). This 
demonstrates that the peak days are already smooth, prioritized and 
balanced. The higher value of the weighting exponential function will 
result to higher dividends from incentive regulation. Although it’s 
necessary to point out, by updating the load factor calculation the DSO 
(based on the result from this study) can receive a bonus without putting 
much effort in the load adjustment. It is as well important to mention, a 
weighted load factor calculation can give a misleading conclusion and 
demonstration on the DSO entire system performance, as weighting load 
factor weights days with higher energy usage and indirectly obscures 
days with lower energy consumption and may not be the best method to 
achieve efficient utilization. However, since peak days have the biggest 
influence and can defy the reliability of a power system. Therefore, it’s 
important to highlight and achieve a high rate of efficiency performance 
these days, thus to minimize the risks of events that can cause damage and 
large costs. 

However, to strive and achieve efficient utilization, it’s necessary to aspire 
to have a balance the entire load profile. The proposed load factor has its 
aim of to depict the efficiency performance during entire year, this by 
calculating the efficiency rate during the year, seasons, months, weeks and 
all the days. By imposing the proposed load factor calculation, gives in 
this study the lowest efficiency rate and incentive dividends. This means 
there are high variances of energy usage through the year. By striving to 
achieve balance in the entire load profile will theoretically result to lower 
percentage of network losses, increasing the reliability of the power 
system and lower pricing on electricity. Thus to achieve balance in the 
load profile, it’s necessary to enforce and invest in so-called smart grid 
technologies that involves a much higher rate of customer participation.  

9.1.4 Optimization model  

The result from the optimization problem show significant differences in 
the outcome, due to differences in the definition of price elasticity. In case 
1, price- elasticity is defined as -0,1%. In case 2, price- elasticity is defined 
as -0,002 %, and the financial outcome of the incentive is approximately 50 
% lower compared to the result of the reward in case 1. The definition of 
the price elasticity has a significant role of the outcome of the optimization 
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depending on several factors such: geographical area, access to different 
energy resources and the customer category [39]. The response from case 1 
on the TOU and incentive optimization results in total shift in energy 
usage. The initial load on the peak ours shift to low peak hours, figure 20. 
Furthermore, the result from the TOU may not be beneficial in the shape 
of efficient utilization, since it does not lead to any improvement in the 
load adjustment. According to the result from case 1, table 8, it is only 
necessary to focus on decreasing network losses, thus to achieve 
maximum reward of the incentive. Since in the category of network losses, 
include both technical and non-technical losses, as measurement is based 
on the difference in power between input and output point. The 
improvement of network losses can therefore be achieved without a 
change in energy usage.  
 
In case 2, with a price-elasticity of -0,002 %, the result from the 
optimization show; the price rate for low peak hours is 149,7 SEK/MWh 
and 800 SEK/MWh during peak hours (16:00-23:00 o’clock). The value of 
the price elasticity indicates that customers are not highly sensitive to 
price changes that will influence on customers pattern of energy usage. To 
achieve a greater balance in the load profile it’s necessary to influence 
customers. One of the strongest ways to influence customers is to 
increase/decrease the price of electricity. 
 
The optimization problem is based on two scenarios, with different 
definitions of price elasticity, which have significant influence on the 
outcome and on tariff rates for the two price rates.  However, it’s 
important to mention in this study it’s not considered whether values on 
peak and non-peak tariffs are reasonable and according the laws.  
Therefore, it is up to Ei to evaluate whether these price rates (since transfer 
fee is only considered in the study) are reasonable and according to the 
laws and regulation rules. 
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9.2 Conclusion 

9.2.1 Method of quantifying the load factor  

This study had the main goal to study the NRA incentive framework, 
specifically on the methods of quantifying of the load factor and 
investigate how it responds to the concept of efficient utilization. The 
methods of quantifying the load factor were: 1) average of all daily load 
factors, 2) weighted load factor and 3) a proposed calculation that involves 
several different efficiency ratios.  
 
When a weighted load factor is imposed, days with higher energy usage 
are weighted higher compared to days with lower energy usage. The 
result from the study show those days with higher energy usage have a 
higher efficiency performance - balance in energy usage. Hence results 
into higher dividends from incentives compared to the base case, which 
values all the days equally.  
 
Since the proposed load factor involves additional numbers of different 
efficiency ratios. To achieve a good value, it requires a balance in the entire 
load profile. As the results and analysis display, the proposed load factor 
has the lowest efficiency ratio performance, comparing the other two 
methods of quantifying the load factor.  
 
As a first step to achieve efficient utilization, the critical days that 
jeopardize the reliability of the power system should firstly be prioritized 
to adjust.  However, just balancing peak days may not entirely fulfill the 
directive of efficient utilization.   

9.2.2 Optimization model 

In this thesis, one of the purposes was to develop a general optimization 
model, thus to investigate how a DSO could adjust its business plan, such 
price signals of the two price rates, in order to maximize its reward of the 
incentive of efficient utilization. The result of the optimization problem, 
with use of NLP model, has shown to provide valuable information, a tool 
for assessment for a DSO. The study was based on two different scenarios 
with different definitions of price elasticity. The results from the 
optimization show significant differences in the outcome. In case 1, with a 
self –elasticity is -0,1 percent and cross elasticity 0,005 percent, gives 100 
percent in higher revenue from the incentive. This compared to case 2 
were self-elasticity was defined to be -0,002 percent and cross elasticity is 
0,0001 percent. The definition of the price elasticity has a significant role, 
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level of influence, on the outcome of the maximization problem, and 
shows the importance in assessment in the price rating of electricity.  
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10 Future work  

This study has focused on studying specific methods, with the aim of 
understanding how and to what extent the methods of quantifying the 
load factor stimulates towards efficient utilization. According to the 
results of this study, it demonstrates it is suitable to update current load 
factor calculation with weighted load factor calculation. Although this 
doesn’t necessary mean it is suitable for all cases. Therefore it would be 
appropriate to perform further studies to assess whether it or not is 
suitable to update the current load factor calculation in the incentive 
framework.   

Secondly, an optimization problem has been performed on revenue 
framework, with the focus on incentive regulation. The incentive 
framework is just one section among others in the revenue cap regulation. 
However, it’s important and necessary to include other parts of the 
revenue cap model, such as investment cost in the in calculation thus to 
evaluate and access whether or not the investment is financially beneficial 
and how it will influence in the determination of the revue cap. As future 
work, the focus could be on considering and including additional parts of 
the revenue cap framework, thus to study how the DSO’s can maximize 
reward from the entire revenue framework.  

Thirdly, study and assess the result regarding the price rates of the 
electricity, whether they are reasonable and according to the regulation 
rules.
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