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With the introduction of distributed generation and 
information and communication technology the 
distribution system operator need to adapt to the 
changing circumstances of the market place. This has 
put requirements on the distribution system operator 
to transform from a passive management philosophy 
and become pro-active in its management of the 
system.
The aim of this report is to investigate how the 
changing market place will put new requirements on 
the distribution system operator and how it will 
transform its business model.
The pro-active distribution system operator will have 
to manage new type of consumers (Prosumer, DG- 
O/Aggregator, TSO) with different contracts and new 
consumer relationships. These new consumers will be 
in need of faster (real-time) and more transparent 
information in order to support the system and its 
system services.
The Distribution system operator will have to 
transform from being passive and become pro-active 
in order to solve the new requirements that it will 
face, in order to produce value for its consumers and 
partners.
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1. Introduction 
With the introduction of the steam turbine by Sir Charles Parson in 1884 the 
generation of electricity has seen few disruptive innovations in how to produce 
electricity for the end consumer. Today, almost 80 % of the electricity is produced by 
steam turbines, which have put the same requirements on the transmission and 
distribution system and a small need for change and innovation. With the climate 
change, the utilities industry has developed new generation techniques to utilize the 
earth’s different elements. With the deployment of new generation techniques and 
new forms of consumption, the requirements have changed for the transmission and 
distribution system. To be able to install intermittent generation as wind and solar in 
an efficient way, and to be able to produce enough electricity to keep a stable 
electricity system, the system operators need to transform and adapt to the changing 
business and market conditions, and adopt to the new electricity chain. 
 
Since the system operators are working in a non-competitive market, a regulating 
authority regulates the marketplace to simulate a competitive environment. With the 
regulation the society hopes that the electricity market will push today’s system to 
become a system that utilize information and communication technology (ICT) to be 
a sustainable and efficient deliverer of electricity. To be able to push the system 
towards a smarter and innovative system, the distribution system operator (DSO) 
needs to transform from being a passive part and become an active part of the 
electricity market as well to invest in innovative components and develop competence 
to actively manage the system.  
 
To be able to facilitate all of the characteristics of the smart system, the DSO needs to 
transform from a passive DSO into a pro-active DSO. 
 
With the transformation, it is both the DSOs and the European Unions hope, that we 
will have a functioning smart market until 2020, and with a carbon dioxide decrease 
of 20 %. 

1.1 The smart electricity system 
This paper uses the European Union definition of what a smart system is suppose to 
become in the future. The Advisory Council of the European Technology Platform 
(ACETP) defines a smart system as: 
 
“A smart system is an electricity system that can intelligently integrate the actions of 
all users connected to it – generators, consumers, and those that do both – in order to 
efficiently deliver sustainable, economic and secure electricity supplies.  
A smart system employs innovative products and services together with intelligent 
monitoring, control, communication and self-healing technologies to: 

1. Better facilitate the connection and operation of generators of all sized and 
technologies. 

2. Allow consumers to play a part in optimizing the operation of the system. 
3. Provide consumers with greater information and choice of supply. 
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4. Significantly reduce the environmental impact of the whole electricity supply 
system. 

5. Deliver enhanced levels of reliability and security of supply. 
Smart Systems deployment must include not only technology, market and commercial 
considerations, environmental impact, regulatory framework, standardization usage, 
Information and Communication Technology (ICT) and migration strategy but also 
societal requirements and governmental edicts”. (ACETP, 2006) 
 
A smart system refers to an electricity system where all components use ICT to make 
the whole electricity chain, produce-transmit-consume, more efficient and sustainable. 
(EU Commission, 2010) This electricity chain is about to change due to small 
distributed generation (DG) units1. This change can be seen in  Figure 1 - The change 
of the electricity chain. The electricity chain will change from the produce-transmit-
consume to the produce-consume-transmit. The consumer will eventually become a 
Prosumer, a market actor that both consume and produce electricity. The production, 
as looked upon in this report, will come from a small DG source that produces 
electricity from photovoltaic panels and are feeding in to the low voltage system. 
 

 
 FIGURE 1 - THE CHANGE OF THE ELECTRICITY CHAIN 

 

1.2 Driving forces behind smart system deployment 
In March 2010 the European Commission launched a new strategy for advancement 
of the economy within the European Union. The strategy aims to have “smart, 
sustainable and inclusive growth” with greater coordination of national and European 
policy. The strategy also addresses ongoing climate change and want to reduce the 
greenhouse gas emission by at least 20 % compared to 1990 levels, increase the share 
of renewable energy in the final energy consumption to 20 %, and achieve a 20 % 
increase in energy efficiency. This initiative is commonly referred as the 20/20/20 in 
media and public. (Europe2020, 2010) 
 
                                                
1 Distributed generation sources are photovoltaic in this report. 
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With the new strategy for advancement of the economy, the energy efficiency and 
integration of DG units got put high up on the agenda to boost growth and 
employment. (Europe2020, 2010) To achieve the 20/20/20 goal, the European 
legislation and policy has to change as well as investments in the system have to be 
promoted.  
 
A main driver for a smart system deployment would be regulation changes for the 
DSO. Government authorities need to change to promote more investments to create 
economical attractions with the smart system deployment and change regulation to 
promote integration of DG units as well as a transformation of the DSO from having a 
passive system management philosophy and become pro-active in its management of 
the distribution system.  
 
Another driver for deployment of smart system initiatives is the cost efficiency for all 
actors. With the aging infrastructure and integration of DG units, the reliability of the 
system has/will decline. The European Unions definition of a smart system is that it 
should increase the reliability and security of supply, which does not hold if market 
actors do not invest in the electricity chain to make it smarter and more dynamic.  
 
From a consumer perspective, the smart system will enable savings on expenditure on 
energy consumption by becoming a Prosumer and by using smart household 
appliances and hopefully electrical vehicles. Electric vehicles are not within the scope 
of this report, since it is not crucial in the transformation process of the DSO. To be 
able to realize and introduce a smart system to the consumer, the consumer needs to 
change their attitude and behavior when consuming electricity. Electricity will 
transform from being invisible to the consumer, and become visible. The prosumer 
will have to respond to price signals and sign contracts with market players that 
aggregate loads and generation.  

1.3 Enabling the smart system 
There is no final date when the smart system should be deployed. According to 
European Energy Regulators (ERGEG, 2010) it is more of an ongoing process instead 
of a project with an end date. Several factors will influence this process to enable the 
smart system deployment.  
 
Smart metering and monitoring tools holds a crucial part of enabling the smart 
system. Components need to be able to communicate with each other, to enable the 
reliability and stability of distribution systems. (Lu et al. 2009)  
 
The regulator holds an important position to enable the smart system. The regulation 
needs to incentivize that market actors as DSOs invest in the most effective way to 
enable the smart system, as well as to stimulate a competitive market environment. 
The regulator also holds a crucial position since it needs to stimulate innovation 
within the electricity market and secure adequate return on system investments. 
Regulation changes will not be further discussed in this report. Instead I suggest the 
reader to read; “How does Smart Grid Impact the Natural Monopoly paradigm of 
Electricity supply” by Knight and Brownell (2010) and “Regulatory Incentives for 
Investments in Electricity Networks” by Petrov et al. (2010). 
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Additionally the consumer needs to become more active and use information and 
technology and become a bigger part of the electricity chain. The consumer-needs do 
not pre-exist in the smart system, but will emerge with the deployment and 
installment of new technology.  
 
A distribution system needs to install and deploy new smart components. The most 
noticeable difference with the smart system is the penetration of DG units and ICT 
technology. With the deployment of DG units in the system, there will be numerous 
technical conflicts, decreased quality as well as increased costs for DSOs if not 
handled accordingly. With the increased ICT technology, the DSOs can use the ICT 
technology effectively to monitor the system, and react upon the information about 
the system and its state.  
 
To successful deploy the smart system and ensure an efficient and cost effective 
system, all market actors’ needs to work together in the deployment process. The 
DSO needs to evolve from a passive DSO and become a pro-active DSO. This paper 
will conduct research and discuss what the pro-active DSO need to operate and 
manage and how it will impact its business model.  

1.4  Research questions 
 
The underlying research questions are as follows: 

• How will introduction of DG units and pro-active system management impact 
the power flow and the DSOs power operation? 

• How will introduction of DG units and pro-active system management impact 
the information flow and the DSOs information operation? 

• How will introduction of DG units and pro-active system management impact 
the DSOs financial flow? 

 
These three flows will change the pro-active DSOs business model and this paper 
discusses how a generic business model could look like. 
 

• How can a generic business model of a pro-active DSO look like and what 
new capabilities does it need to manage and facilitate? 

1.5 Definition 
The report will focus on the DSO and its business within European Union. No depth 
analysis will be made from a country perspective. Instead the report will focus on the 
high level initiatives and discussion that has been made in order to transform the DSO 
from passive to pro-active in order to apply to different countries within EONs 
distribution business. 
 
The distribution system in this report is a low voltage system. The integrated DG 
Units are photovoltaic generation units, since this is the fastest emerging distributed 
generation source in the low voltage system.  
The solutions discussed in this report are more aimed at distribution system that does 
not have a lot of regulating power as hydro, which can be inserted into the system 
when there is a mismatch between supply and demand.  
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2. Method 
This research paper has been written together with E.ON Distribution. E.ON 
Distribution is a electricity distribution company conducting distribution business in 
Germany, the UK, Sweden, France, Hungary, Czech, Slovakia, Romania and 
Bulgaria.  
 
The project is an initial research project for an initiative to transform the DSO from 
passive to pro-active in order to manage the new capabilities and new system services 
that will be necessary in order to operate as an pro-active DSO. In order to become a 
pro-active DSO, the DSO needs to change its business model and adapt to the 
changing market conditions.  
 
Based on the existing research and developments of the DSO and its transformation 
process, this report aims to present how the transformation of the distribution systems 
with new smart components will change the DSO and its way of managing and 
delivering business and value. 
 
With Osterwalders (2004) “The business model ontology framework”, the DSOs 
business model will be analyzed and discussed in order to adapt to the changing 
business environment and how to transform into a pro-active DSO.  

2.1 Order of work for the report 
In this report, I have chosen to do a qualitative study of the DSO. The first phase of 
the project was to get at basic understanding of the distribution business and the 
market it is operating in. The basic understanding was acquired by using secondary 
sources as articles, podcasts, video tutorials, presentation, and books. After the basic 
understanding was accomplished, information gathering about the pro-active DSO 
and its challenges was conducted. Information about the pro-active DSO is a rather 
new topic, why information sometimes where hard to find. When this was the case, 
the leading expertise at EON Distribution helped out with the understanding and 
answering questions and engaging in dialogues. The report has been written during 
the entire research phase.  
 

2.2 Information Gathering 
In order to get information about the distribution system operator and its 
transformation process, this paper have used extensive search methods to find what 
the leading research institutions have concluded on the transformation process and the 
changing environment for a DSO. These institutions include: 
 
Euro electric is a sector association that represents the common interests of the 
electricity industry at pan-European level, plus its affiliates and associates on several 
other continents.  
Euroelectrics mission is to contribute to the development and competitiveness of the 
electricity industry, to provide effective representation for the industry in public 
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affairs and to promote the role of a low carbon electricity mix in the advancement of 
society. 
 
Energy research Centre of the Netherlands (ECN) is a leading Dutch institute for 
energy innovation and has produced numerous publications with a clear goal to 
develop knowledge and technology that enable the transition to a sustainable energy 
system.  
 
To complement these publications leading expertise within EON has contributed to 
this report by sharing views and information for a deeper understanding of the 
distribution business. 
 
The leading expertise within EON includes Jonathan Richard. Richard has extensive 
knowledge and training within the distribution business within UK. Recently he 
became Program manager for a smart grid initiative within EON Distribution. The 
program scope is to deliver new tools for the DSO to adapt to the smart market, and 
develop new products for the distribution business, in order to ensure a stable and 
reliable grid.   
 
Since this report has been written in close contact with EON Distribution, no single 
interview has been conducted. Instead it has been an ongoing process with weekly 
calls and ongoing dialogues to get an understanding on what the people 
working/managing the distribution business expects of a pro-active DSO. 
 

2.3 Outline of the report 
The report will include the following sections: 
 

• An introduction to the electricity system and its market actors 
• The key challenges for the DSO - Power 
• The key challenges for the DSO - Information 
• The key challenges for the DSO – Financially 
• The Business Model Ontology by Osterwalder (2004) 
• A discussion of the pro-active DSO and the ACETP smart grid definition 
• A discussion on how the business model will change for the pro-active DSO 
• Conclusion 
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3. The electric power system 
The following section will give the reader a fundamental understanding of the as-is 
state of the electric power system and its market actors, the changed flows within the 
distribution system and what new challenges the DSO have to adapt to.  

3.1 Introduction 
The “electric power system was built as a vertical hierarchy, with generators at the top, 
and consumers at the bottom. The transmission and distribution system transported 
the electricity from the generator through the system to the consumer. The system of 
electricity lines can be divided into two separate systems, a transmission system and a 
distribution system. The transmission system has a nominal voltage level between 
1000 kV down to 22 kV (High voltage). The distribution system has nominal voltage 
level from 22 kV down to 0,4 kV (medium and low voltage). As the hierarchy is built 
up today, generators are connected to the transmission system. With the integration of 
DG units, more generators have been connected on a distribution level. When the 
system extends closer to the consumer, the nominal voltage level will decrease. 
(Huang and Olsson, 2011) The most common nominal voltage level for the consumer 
is 0,4 kV.  

3.1.1 Market actors 
In the following sections the different actors of the electric power system will be 
defined and described more “closely.  
 
The Producer 
The producer is an actor that is generating electricity and must have a contract for the 
right to generate electricity. This is the starting point of the power flow. (Huang and 
Olsson, 2011) 
 
System Operators 
The System Operator is responsible for operating, building, maintaining and planning 
the electric power transmission and distribution system. They ensure the availability 
of all necessary system services. The system operators can be separated into 
Transmission System Operators (TSO) and Distribution System Operators (DSO) 
depending on the voltage level of the system. (Huang and Olsson, 2011) 
A TSO is responsible for operating, ensuring the maintenance of and, if necessary, 
developing the transmission system in a given area and for ensuring the long-term 
ability of the system to meet the reasonable demands for the transmission of 
electricity. (Directive 2009/72/EC, 2009)  
 
The TSO is responsible for the high voltage system and the transmission of electricity 
to the distribution system. 
 
A DSO is responsible for operating, ensuring the maintenance of and, in necessary, 
developing the distribution system in a given are and for ensuring the long-term 
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ability of the system to meet reasonable demands for the distribution of electricity. 
(Directive 2009/72/EC)  
 
 
The consumer 
A physical or legal person that consumes electricity.  (Directive 2009/72/EC, 2009)  
 
Seller 
A party that offers bids to power exchange. (Huang and Olsson, 2011) 
 
Wholesale Market Operator (MO) 
Market operator is in charge of the actual delivery of energy and receives the bids 
from all actors that have a contract or a bid. (Huang and Olsson, 2011) 
 
Retailer 
Entity selling electrical energy to consumers – could also be a system user who has a 
system connection and access contract with the TSO or DSO. (Huang and Olsson, 
2011) 
 
Buyer 
A party that purchases electricity from retailers (Huang and Olsson, 2011) 
 
Balance responsible party (BRP)  
The BRP is the responsible party for maintaining the continuous power balance 
between electricity production and consumption. If financial imbalance arises, the 
BRP is the responsible to regulate this. (Huang and Olsson, 2011) The BRP provides 
the system with ancillary services. 
Ancillary services are necessary to ensure the reliability and efficient operation of the 
system. The level of ancillary services required at any point in time is determined by 
the system operator or the energy market rules. Ancillary services, including spinning 
reserve and frequency regulation, could be reduced if generators could more closely 
follow load: peak load on the system was reduced: power factor, voltage, and reactive 
power control were improved: Or information available to system operators were 
improved. (Benefits of Smart System, 2011)  
 
Supplier 
The supplier has a system connection and access contract with the TSO or the DSO. 
(Vries, LJ). This means that a supplier can be a buyer in one context, and a supplier in 
another. (Huang and Olsson, 2011) 
 
DG Operator/Aggregator 
The DG Operator/Aggregator (DG-O/Aggregator) is a new market actor in the smart 
system market model. (Huang and Olsson, 2011) The aggregator will offer services to 
aggregate energy production from different sources (generators) and acts towards the 
system as one entity, including local aggregation of demand (Demand Response 
Management) and supply (generation management). In cases where the aggregator is 
not a supplier, it maintains a contract with the supplier. (EG3 Deliverable, 2011) 
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Regulator 
Independent body responsible for the definition of framework (market rules), for 
setting up system charges (tariffs), monitoring of the functioning and performance of 
energy markets and undertaking any necessary measures to ensure effective and 
efficient market, non-discriminate treatment of all actors and transparency and 
involvement of all affected stakeholders.” (EG3 Deliverable, 2011) 

4.1.1.1 Actors within this report 

In this report the following actors are to be discussed further: 
• The TSO 
• The DSO 
• The DG-O/Aggregator 
• The consumer/The prosumer 

3.1.2 The market in the electric power system 
As in all market structures, the management of the electric power system is shaped by 
two physical properties. For the first, electricity is not storable on larger scale, why it 
is not economically storable either. This puts requirements on matching supply and 
demand of generation and consumption. A mismatch in supply and demand can have 
devastating consequences for stability of the power system, as well on price for 
electricity. (US Department of Energy, 2006) 
 
The second is the capital-intensive nature of the electric power system. The planning 
and construction of generation sources as well as transmission and distribution system 
is surrounded by very high capital investments and long lifetimes. (US Department of 
Energy, 2006) 
 
These features of the electric power system make the management of the system 
rather unique. The management timeframe spans from decades to 15 minutes. 
Decisions are made at several junctures along this timeframe. Most of the load is 
committed on a long frame, a so-called capacity and forward energy contract. On the 
day-ahead market, typically 10-25 % of the required power is arranged. (US 
Department of Energy, 2006) This can be observed in figure 2, Management 
timeframe of the electricity market. 
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FIGURE 2 - MANAGEMENT TIMEFRAME OF THE ELECTRICITY MARKET 

(US DEPARTMENT OF ENERGY, 2006) 
 
On the real-time market, less than 5 % of supply is arranged. (US Department of 
Energy, 2006)This can be observed in Figure 3 - The different flows in the electricity 
system (Huang and Olsson, 2011), as the activities between the financial and physical 
BRP, the TSO and the wholesale market.  
 
These three different junctures can be divided into three different load commitment 
frames: Capacity and operations planning, operations scheduling and system 
balancing. (US Department of Energy, 2006) 
 

3.1.2.1 Capacity and operations planning 

This timeframe includes long-term investment and planning decisions. The capacity 
investment and planning spans over several years, and involves investments in 
generation, transmission and distribution capacity. This is named system planning in 
Figure 2 - Management timeframe of the Electricity market (US Department of 
Energy, 2006). The operation planning involves scheduling available resources to 
meet expected seasonal demand, and span over a period of 6-12 months. (US 
Department of Energy, 2006) In the distribution sector this is called firm capacity 
management.  

3.1.2.2 Operations scheduling 

This timeframe refers to the planning of which generators that shall operate to meet 
expected near-term demand. The generation units’ commits to produce the forecasted 
demand, with adjustments made in a period of hours down to 15 minutes to account 
for inconsistencies in forecasted demand. The operations scheduling shall also plan 
for any unexpected generation plant outages of transmission and distribution line 
problems. (US Department of Energy, 2006) 
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3.1.2.3 System Balancing 

This timeframe refers to the adjustment of resources to meet last-minute fluctuations 
in power requirements. In regions with organized wholesale markets, resources offer 
to provide various ancillary service, such as reactive power supply and voltage 
control, frequency-responsive spinning reserve, regulation, and system black-start 
capability that are necessary to support electrical system operation to ensure system 
balance. (US Department of Energy, 2006) 
 
Ancillary services can be divided into two different ancillary characteristics; 
frequency and voltage. (US Department of Energy, 2006) 
 
The frequency is the number of times to current alternates between maximum and 
minimum. The frequency affects the operation of electrical motors within the system. 
If there is not balance between supply and demand in the electricity system, the 
frequency will either go up, or down.  (US Department of Energy, 2006) 
 
Voltage on the other hand can be seen as the electrical pressure within the system. A 
lack of rated voltage will reduce the delivered power to machines, which may lead to 
scarce operation. (US Department of Energy, 2006) 

3.1.3 Flows of goods in the electric power system 
The electricity market of today can be explained with two different flows of goods: 
power and financial flow. In each flow there are different actors.  

3.1.3.1 Financial flow 

In the financial flow there are four different actors: The buyer, the retailer, the 
wholesale market and the seller. The buyer (consumer) buys electricity for 
consumption from the retailer, which has bought electricity on the wholesale market. 
Within the wholesale market, the seller (producer) and retailer interact to bid on 
electricity prices. When there is a match between the retailer and the seller, electricity 
is traded. The structure of the wholesale structure varies between countries. In the 
financial flow there is also a financial balance responsible party (FBRP). This actor 
has the responsibility to divide the balancing cost according to the physical balance of 
the system. (Huang and Olsson, 2011) 
 
Combining the FBRP and the PBRP you get the Market Operator, which has the 
responsibility to operate the electricity trading and to ensure that the frequency and 
the voltage level are kept constant and that the power system is in a stable operation. 
(Huang and Olsson, 2011) 
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FIGURE 3 - THE DIFFERENT FLOWS IN THE ELECTRICITY SYSTEM 

(HUANG AND OLSSON, 2011) 

3.1.3.2 Power flow 

In the power flow there are four different actors: The producer, the TSO, the DSO and 
the consumers. The TSO and DSO manage the operation of their respective system 
separately. (Huang and Olsson, 2011) 
The producer generates electricity and transmits it via the TSO to the DSO. The DSO 
distributes the electricity to the consumer that then uses it for its demands. (Huang 
and Olsson, 2011) 
A System Operator ensures the stability of the system with automatic control systems 
and physical actions. The system operator is the physical balance responsible party 
(PBRP). (Huang and Olsson, 2011) 

3.1.3.3 Information flow 

Within the smart market there will be a third flow of good, information. Today the 
flow of information is limited mostly between the BRP, TSO and the Wholesale MO. 
Since the smart system will be based upon ICT technology, the information flow will 
increase. The information flow today is mainly correlated with the financial and 
power flow to be able to charge and oversee consumption, but will have to change 
and evolve to an information flow between all actors and components to create a 
smart system and the ability to monitor and react to constraints and issues in real time. 
(Richard, 2013)  
 
With the changed financial, power and information flow, the DSO will need to 
transform and adapt to the changing market place. (Richard, 2013) 
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3.1.4 The Natural Monopoly for a DSO 
Today’s system is regulated to stimulate its operation and create an internal market. 
Farrer acknowledged in 1902 five distinct characteristics of a natural monopoly 
within any field of business. 

1. The industry must supply an essential product of service 
2. Occupy a favorable location 
3. Output must not be storable 
4. Production must be characterized by economies of scale 
5. The consumer of the industry must require a “certainty and a well-defined 

harmonious arrangement” of supply, which can only be attained by a single 
supplier. (Sharkey, 1982) 

 
An electricity system fulfills the five characteristics of a natural monopoly, since it 
occupies a favorable location, electricity is not yet storable on a large scale, the 
business is surrounded of economies of scale and high barriers of entry and that 
electricity is essential to everything we do in our society. Without electricity our 
society would stop  
 
Since DSO’s are operating as a single firm in a non-competitive market, they operate 
within a natural monopoly. To simulate competition, the monopoly is regulated. 
Regulation of a natural monopoly is needed to avoid market failure. The main 
intention with regulation of a natural monopoly is to protect consumer interest and 
eliminate the lack of market efficiency and innovation, since no competition exist and 
ensure equal conditions and non-discrimination of the sector participants. The 
regulation also ensures efficient cost coverage. The regulatory agency also controls 
how the DSO’s financial position with revenue and expenditure charges to the user.  
(van Gerwen, 2006) 
 
With the technology advancement and development of new generation techniques, the 
environment of a natural monopoly will change and business rules and the DSO’s 
business model will have to change and evolve out of the new market conditions and 
transform to become an pro-active DSO.   

3.1.5 A transformation approach 
The transformation of the DSO from passive, to re-active to pro-active is an ongoing 
process where roles, responsibilities and interactions need to evolve out of the 
changing market place. In Figure 4 - Management philosophy transformation 
(Hallberg et al. 2013) the transformation process is visualized with the DG 
penetration level and technology integration in the system. With the increased 
penetration of DG units and the more technology that is included, the DSO will have 
to change its management philosophy from passive to pro-active. 
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FIGURE 4 - MANAGEMENT PHILOSOPHY TRANSFORMATION (HALLBERG 

ET AL. 2013) 
 
A passive system operator is having the so-called “fit and forget” approach, which 
implies resolving issues at the planning stage. This creates overinvestment and an 
oversized system that is not utilized to 100 %. This approach has the advantage that it 
requires minimal control and supervision, but it has low flexibility. When the 
integration of DG units rises, this approach needs very significant investments in 
basic system infrastructure, which makes it less economical. (Hallberg et al. 2013) 
 
A Re-active system operator is characterized by the “only operation” approach. The 
regulation of the DSO requires it to connect as many DG units as possible with no 
restrictions. The problems the installed DG units cause are solved at the operation 
stage by restricting both load and generation. This solution is not optimal, since it can 
only restrict feed-in from DG units. When they are not allowed to feed-in, they miss 
out on revenue, which may create negative business cases for DG units. (Hallberg et 
al, 2013) A negative business case is not optimal since it will restrict the integration 
of DG units and the 20/20/20 goal.  
 
The pro-active approach is the final process stage of the transformation. The DSO 
interacts with all market players with respect to planning, access and connection and 
operational timeframes. The existing capacity of the system can be used more optimal 
since the DG units can operate according to the system and ensure adequate 
performance in real-time. With a pro-active approach the DSO can use the DG units 
and loads as flexible components, and buy system services from them to solve system 
constraints. The system reinforcements could also be postponed until the moment 
when it becomes more cost-effective than the on-going cost of procuring services 
from flexible loads and DG units. (Hallberg et al. 2013) 
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3.1.6 The DSOs responsibilities 
The DSO has certain responsibilities that they need to facilitate and manage in order 
to run a business. European Union directives of a distribution business is as follows:  
 
A DSO is responsible for operating, ensuring the maintenance of and, in necessary, 
developing the distribution system in a given area and for ensuring the long-term 
ability of the system to meet reasonable demands for the distribution of electricity. 
(Directive 2009/72/EC)  
 
Within this directive there are certain specified responsibilities that the DSO have to 
fulfill.  
 
Distribution planning, system development, connection & provision of system 
capacity: DSO has to develop their system in order to provide system capacity to 
consumers and DG units. The DSO has to design new lines and substations to ensure 
ability to connect DG units or connection of new loads. The DSO is obliged to 
provide third party access to all end consumers and the DSO has to provide system 
users and market actors with all information they need for efficient access and use of 
the distribution system. The DSO may refuse access to the system, only when they 
can prove that they lack the necessary system capacity. (Directive 2009/72/EC) 

Distribution system operation/management and support in system operation:  
The DSO is responsible for the overall system security and quality of service within 
its distribution system. This includes the control, monitoring and supervision, as well 
as scheduled and non-scheduled outage management. The DSO support the TSO 
when necessary, either automatically or manually (via load shedding in emergency 
situations or operate in island mode, this if further discussed in 3.3.7 Islanding 
operation). The TSO is responsible for the overall system security. (Hallberg et al, 
2013) 

Power flow management: Ensuring high reliability and quality in their systems: 

Continuity and capacity: DSOs are subject to technical performance requirements 
for quality of service including continuity of supply via two different indexes: To 
be able to measure, the regulating authority has to define quality indicators. For 
continuity of supply these quality indicators are SAIDI and SAIFI. (Hallberg et al. 
2013) 

SAIDI is an acronym for System Average Interruption Duration Index (SAIDI) and 
is a reliability indicator for DSO’s. The index is used to calculate historical events 
or to simulate scenarios in the future. The unit is the average outage duration for 
each customer served. 
SAIFI is an acronym for System Average Interruption Frequency Index (SAIFI) 
and is also a reliability indicator for DSO’s. SAIFI calculate the average number of 
interruptions that a customer could/would experience in a year. (Petrov et al, 2010) 
 
The DSO is also responsible for voltage quality in distribution systems 
(maintaining voltage fluctuations on the system within given limits). In planning, 
the DSO ensures that systems are designed to maintain these standards regardless of 
power flow conditions (with a passive philosophy, this would lead to over 
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investment in assets). However in cases of system faults, planned outages or other 
abnormal events, the DSO must undertake switching actions so that adequate 
supply quality is maintained. While to date this has been rather static, increasingly 
automation or remote switching will need to be undertaken to ensure near real-time 
fault isolation and restoration of supply. (Hallberg et al, 2013) 

Voltage and reactive power control: Voltage quality is impacted by the electrical 
installations of connected system users and DG units. Thus the task of the DSO in 
ensuring voltage quality must account also for the actions of system users, adding 
complexity and the need for both real-time measurement and mitigating resources 
(i.e. on-load voltage control) and strict system connection criteria. European 
standard EN 50160 specifies that the maximum and minimum voltage at each 
service connection point must allow an undisturbed operation of all connected 
devices. Voltage at each connection should thus be in the range of ± 10% of the 
rated voltage under normal operating conditions. In some countries, compliance 
with these or other specified national voltage quality requirements that can be even 
more restrictive represents part of DSOs’ contractual obligations and quality 
regulation. In some countries, system operators are required to compensate 
consumers in case the overall voltage quality limits are breached. (Hallberg et al, 
2013) 
 
In order to deliver value to its consumers, the DSO needs to fulfill these 
responsibilities. A failure in doing so would yield in economic punishment from the 
regulating authority and most likely less revenue for the DSO.  
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3.2 A DSOs key challenges - Power 
A DSO is as explained, challenged with new power, informational and financial flows 
in its operation of the system. In the following section these will be further explained 
and introduced in order to get an understanding of the changing circumstances.  
 
A distribution system is limited by statutory limits as Voltage and thermal limits of 
cables and transformers. The quality of supply is determined by voltage variations and 
congestions. In the past, with a passive philosophy, reinforcements had been made to 
fulfill every new connection in order to keep the voltage within its limits.  
 
A distribution system has the following limitations: 

• Voltage limits (voltage quality) 
• Thermal limits of cables & Transformers 
• Congestion 
• Protection settings (Bach et. al, 2012) 

If a system is operating close to its limits, the energy efficiency of the system will 
decrease and energy losses within the system will increase. To account for the losses, 
the DSO has to buy electricity from large power producers. (Richard, 2013) 

3.2.1 Operation of the System 
In theory, DG units should contribute to the security of supply, power quality, 
reduction of transmission and distribution peak load and congestion, reduced need for 
long distance transmission of electricity, avoidance of overinvestment in system 
capacity, deferral of system investments and reduction in distribution energy losses 
(via supplying active power to the load and managing voltage and reactive power in 
the system) (Hallberg et. al, 2013) 
 
In reality, this is not the case. With the penetration of DG units, there is a capacity 
challenge for the DSO due to production profiles, location and firmness. DG units 
might not always be located close to the loads, and the DG unit cannot control its 
output. This poses challenges since supply does not always match demand, and put 
new requirements on operating the system. (Hallberg et al. 2013)  
 
The distribution systems are connected to the transmission system via a 
transformer/substation that transforms the voltage to an appropriate level. On a low 
voltage system this is 230 V. With the development of ICT and research and 
development of transformers, they have become more intelligent and dynamic to react 
to changing circumstances of system operation.  
 
An intelligent substation is a power component that can gather technical information 
about the state of the system as Active Power, Reactive Power, Voltage and power 
factor2. It makes use of the ICT to interact with computers and to send information 
about the system to a control center. The intelligent substations also have the ability to 

                                                
2 Power factor: with alternating current the absorbed (or apparent) power (kVA) of an inductive charge 
is larger than the active power (kW) really used by the charge. A. Resistive charges such as light bulbs 
and heating elements operates at cos phi = 1 
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react to voltage drops or voltage peak and adjust to keep the voltage within the 
specified limits.  
 
Most of the substations today within the low voltage system are not of intelligent 
character, why an expensive investment or reinforcement would be necessary. With 
the long operational timeframes of substations and its investment cost, the investment 
in these components is not as attractive as to invest in other cheaper system 
applications. (Richard, 2013) 

3.2.1.2 Voltage Fluctuations 

In Figure 5 - Voltage variations with DG units installed the voltage variations 
problem can be observed. When the installed DG units have a high feed-in with a low 
load scenario, the voltage will increase. When there is a high load and no feed-in, the 
voltage will drop. This causes the system to experience voltage fluctuations. The DSO 
has its responsibility to keep the voltage limit within ± 10% of the rated voltage under 
normal operating conditions. According to Richard (2013) the overvoltage is the most 
common scenario at a connection point for DG units when operating a distribution 
system.  
 
As a passive or re-active DSO, the DSO does not have an active voltage control in 
place to control these voltage fluctuations. In order to control the voltage and reactive 
power the DSO need to have the capability to monitor and steer the DG units 
accordingly and manage an intelligent substation. Both are not necessary in order to 
control the voltage and reactive power, but would be the most optimal solution. 
(Sigstam, 2013) 
 
The majority of existing DG units have been installed for electricity supply purposes 
only, and therefore, very few are equipped with the necessary infrastructure to 
provide ancillary services in the near future. (van Werven & Scheepers, 2005) These 
units will have to be equipped with this ability in order to provide voltage support. 
The DG units will also have to be equipped with systems that can receive set points 
for delivery of Active and Reactive power, as well as power factor.  
 
A DG units power factor control the amount of active and reactive power it feed-in. 
The most optimal would be for it to feed-in on cos phi=1, and that the DSO could 
control the power factor in order to countervail voltage fluctuations. (Sigstam, 2013)  
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FIGURE 5 - VOLTAGE VARIATIONS WITH DG UNITS INSTALLED 

3.2.1.3 Congestions 

Since a distribution system has been designed with a “fit and forget” strategy in mind, 
the distribution system has its physical capacity limits. With the penetration of DG 
units and feed-in, the distribution system can be pushed beyond its limit. When Feed-
in minus Load (PG-PL > Pmax) is beyond the maximum power level, congestions may 
arise. When this scenario happens, the DSO needs to limit or shut off the generation 
in order to ensure a stable operation of the system within its limits. (Hallberg et al. 
2013) 
 
With the increased penetration of DG units, the DSO cannot fulfill its responsibilities 
to “Ensure high reliability and quality of supply”. (Hallberg et al. 2013) 
 
To be able to monitor and steer the DG units, the DSO need to have a control system 
in place, and an Advanced Metering Infrastructure (AMI) system to monitor the state 
of the system in real-time. (Hallberg et al. 2013) 

3.2.2 Unstable operating points – Two Scenarios 
There are two different curves in the following figures 7 and 8: 
The Power-voltage (PV) curve is a graph that is used to show how the stability of a 
system is dependent on the voltage and power limits.  
The System Load – Time curve show how the voltage fluctuates when there is 
different demand and supply scenarios.  
 
Combining these two curves we can illustrate the different states of the distribution 
system. 

3.2.2.1 Scenario 1 - DG Feed-in and low load 

In Figure 6 – DG Feed-in during a load period of low demand (Richard, 2013) the DG 
unit feed-in to the system. This causes an overvoltage at the connection point (as can 
be seen in the PV curve) and congestion in the system (as can be seen in the Load-
Time graph). The system is in an unsecure state, and the DSO cannot ensure a high 
reliable system and fulfill its responsibilities. To the right in the figure, a simplified 
distribution system can be seen. The DG unit is red due to its impact on the stability.  
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Solution 
Since the system is in an unstable and unsecure state, the DSO need to take 
appropriate actions to get the system back to normal operation. To manage the 
generation feed-in the DSO need to have the capability of first limiting the feed-in 
and if this is not enough to shut off the DG unit feed-in.  
 
Another solution is to make the DG unit to consume reactive power and run it as an 
inductive machine in order to get the voltage to drop and reduce the voltage boost. If a 
DG unit is to consume reactive power, it needs an inverter. If the DG unit has an 
inverter, it can still feed-in active power to the system, and consume reactive. (Engel, 
2011)  
 
In accordance with these two solutions, the intelligent substation could be utilized and 
change its tap to hinder the voltage boost by transforming down the voltage at the 
substation connection point. (Engel, 2013) 

 
FIGURE 6 – DG FEED-IN DURING A LOAD PERIOD OF LOW DEMAND 

(RICHARD, 2013) 

3.2.2.2 Scenario 2 - High Load 

In Figure 7 - High Load (Richard, 2013) the consequences of when the consumption 
is far greater than the demand can be observed. This will cause the voltage to drop, as 
well as congestion that arise in the system. The voltage drop can be observed in the 
PV-graph and the congestion in the Load-Time graph.  
 
Solution 
To handle the voltage drop and the load (PL>PG) the DSO need to utilize load 
management in order to fulfill its responsibility of a secure and reliable supply. Load 
management or Demand Response (DR), is a service that restricts the load during a 
certain time interval until the system is back in normal operation.  
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Balijepalli et al. (2011) defined DR as “changes in electric usage by end-use 
consumer from their normal consumption patterns in response to changes in the price 
of electricity over time, or to incentive payments designed to induce lower electricity 
use at times of high wholesale market prices or when system reliability is 
jeopardized.” (Balijepalli et al, 2011) 
 
According to Richard (2013), DR can be put into two different categories:  

• Emergency DR – Shut off or limit consumption when the system is in 
unsecure state.  

• Economic DR – Limit consumption when consumer finds the price on 
electricity too high. (Richard, 2013) 

When the system is in unsecure state, the DSO will use the emergency DR to limit the 
load and get the system back into normal operation.  
The economic DR is a service that the Aggregators will provide/sell to the DSO as 
ancillary service or voltage support through a local balancing market.  
 

 
FIGURE 7 - HIGH LOAD (RICHARD, 2013) 

3.2.3 Summary  - Key challenges for the DSO 
The DSO imposes numerous key challenges with the increased connection of DG 
units onto its system. The most crucial is the problems that arise when operating a 
system with penetration of DG units. As have been explained, variations in voltage 
are a major impact, as well as rising local congestions.  
In order to integrate DG units onto the system, the DSO needs to reinforce the system 
with new intelligent components as substations, AMI system and control systems to 
fulfill its responsibilities. 
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In order to operate as a pro-active DSO, the DSO needs to develop and use new 
system services to ensure the reliability and stability of the distribution system.  

3.3 New System Services required for a pro-active DSO 
In order to meet its responsibilities as a DSO and “ensure long-term ability of the 
system to meet reasonable demands for the distribution of electricity and for 
operating, maintain and developing under economic conditions a secure, reliable, 
and efficient electricity distribution. (Article 25(1) of Directive 2009/72/EC) the DSO 
needs to develop/manage new system services and capabilities.  
 
In Figure 8 - Market and System Operations (Hallberg et al, 2013) is described for a 
DSO. In the blue boxes, the DSO does not interfere or deliver goods or services. The 
green boxes shows the DSOs activities and where it can deliver goods as anti- and 
islanding operation, voltage control and firm capacity management. (Hallberg et al. 
2013) 
 
Today, ancillary services are bought over the ancillary service market and from the 
BRP. With the increased integration of DG units and the evolution of aggregators, the 
DSO will start to interact in the not yet existing local balancing market and procure 
system services as generation feed-in limitation and DR from the actors providing 
system services through the local balancing market. The DSO will also start to 
interfere with the ancillary service market, since the TSO will start to call upon 
frequency services from the DSO. That is why this box has a linear blend of blue and 
green.  
 
The local balancing market does not exist today, but will start to evolve as DG-
Os/Aggregators start to exist in the distribution system.  
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FIGURE 8 - MARKET AND SYSTEM OPERATIONS (HALLBERG ET AL, 2013) 
 

3.3.2 Firm capacity management (FCM) 
Firmness of a system is that the system is having a steady, but not excessive power or 
strength. The DSO needs to develop capabilities for investment, development and 
planning of their distribution system with integration of DG units. Since the 
integration will put new requirements on the system, the DSO needs to develop 
capabilities to optimize its existing system capacity in order to use them most 
efficiently. (Hallberg et al, 2013)  
 
No distribution system is identical to other systems, why firm capacity will differ 
between systems. When the connection of DG units rises, the character of the system 
will change and the reliability and stability will change. (Richard, 2013)  
 
Due to the DG units’ intermittent character, a distribution system will only experience 
peak capacity during few hours per year. If a passive system management philosophy 
would be used, an overinvestment in capacity would be the case.  
 
With a pro-active system management philosophy, the DG units is incorporated how 
they contribute to the system. If DG units with a control mechanism are located at the 
right position within the system, it can postpone traditional system reinforcement. 
(Cossent et al, 2009) In order to provide incentives for DG-Os/Aggregators to locate 
at the most optimal location for the DSO, connection charges need to be changed. 
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(Richard, 2013) In today’s market, the Connection charges for the consumer/DG-
O/Aggregator can be divided into three different charging types: Shallow and 
Shallowish, Deep:  
Shallow only includes the cost of connecting the user/unit to the nearest system point. 
The additional cost as system reinforcements is not included in these charges and has 
to be carried by the DSO. 
Shallowish charges are a mix of shallow and deep and charges the user the connection 
cost and a proportional cost for reinforcements on the distribution system. 
Deep includes the connection to nearest system point and the cost of system 
reinforcements, both on the distribution side and the transmission side. (de Joode et 
al, 2007) 
 
In order to get DG units in the most optimal places, the connection charges need to be 
of shallowish character, where the DSO share information with DG-Os/Aggregators 
where to locate. This information capability need to be developed by the DSO and 
shared with the DG-O/Aggregator. (Richard, 2013) 

3.3.3 Losses compensation 
The DG units will decrease the transport of electricity on the distribution system. If 
located at the correct place, it will also increase the system efficiency and the energy 
losses within the system will decrease.  
In today’s market, the passive DSO buys electricity form large power producer to 
account for the distribution system losses, which is a cost for the DSO. With the 
integration of DG units, the energy losses can instead be bought from the DG-
Os/Aggregators instead of large power producers. (Hallberg et al, 2013) The DSO 
will buy these on the local balancing market.  

3.3.4 Security Congestion Management 
The DSO needs to operate the system within the security standards to fulfill its 
responsibilities to operate a reliable and stable system. The pro-active DSO will need 
capabilities to steer and monitor it system through the AMI system and the control 
system. The DSO will also need the capability to communicate with DG-
Os/Aggregators in order to react to the congestions. When these capabilities are 
present the DSO have minimal impact on the electricity market and needs to steer the 
DG units at a minimum level. (Hallberg et al, 2013) As a general rule, the DG units 
should never be disconnected from the system. If this happens, the DSO needs to have 
a transparent communication with the affected actors and reimburse them for lost 
generation feed-in. (Engel, 2011) 

3.3.5 Anti-islanding operation 
The DSO has the capability to detect and avoid unsafe, unbalanced and poor quality 
electric islands that might occur when faults happen in the distribution system. When 
a blackout happen, the DG units will keep on delivering power to the system, why an 
electric island is a fact. To prevent islanding operation, the DSO need to have the 
capability to generate an automatic signal that shut down the DG units in case of a 
system fault to protect components and consumers. (Hallberg et al, 2013) 
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3.3.6 Frequency control 
The DSO will have the ability to deliver frequency control in order to ease system 
strains for the TSO. The TSO will call upon the DSO to deliver system support in 
order to keep the frequency within the limits. When the frequency goes above 50,0 Hz 
and the TSO calls for frequency support, the DSO need to limit the active power feed-
in from the DG units (Engel, 2011) 
 
If the frequency goes above/below 50.0 Hz within the distribution system, the TSO 
can put the DSO in islanding operation to ensure the overall stability of the system. 
(Hallberg et al, 2013) When this happen, the DSO need to operate the system as a 
system island and take appropriate action and reduce feed-in from DG units to get the 
system back to 50 Hz. (Dr. Engel, 2011) This can be observed in Figure 9 - Frequency 
Control (Engel, 2011) 

 
FIGURE 9 - FREQUENCY CONTROL (ENGEL, 2011) 

3.3.7 Islanding operation 
The DSO will have the ability to operate as an island when higher voltage sources are 
unavailable or when system strains are a fact. Islanding operation is a situation when 
the distribution system becomes isolated from the rest of the electricity system. 
(Mahat et al, 2010) The benefits in operating the distribution system, as an island is 
that the DG-Os/Aggregators get increased revenue, and that the DSO has to pay less 
to the TSO for usage of the transmission system. In order to operate as an island, the 
DSO need to control and monitor the system and the DG units output to ensure a 
reliable and stable system. (Hallberg et al, 2013) 
 
There are various issues with islanding. To detect that the system is in islanding 
operation, control and operation of DG units, load control and protection are few 
examples of the issues with island operation. (Mahat et al, 2010) 
 
Islanding operation is very similar to voltage control, except that the DSO needs to 
utilize its frequency control capability and ensure it is approximately 50,0 Hz..  
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3.3.8 Voltage level and DSO voltage control 
The biggest impact of DG units will be, as discussed before, the voltage fluctuations 
at the consumer supply point. As can be seen in Figure 5 - Voltage variations with DG 
units installed the voltage level will become more stochastic with the penetration of 
DG units.  
 
In order to use the DG units as voltage support, the DSO need to have the capability 
to steer and send set points to the DG units, as well as to monitor its feed-in 
generation.  

3.3.8.1 Usage of voltage support 

The DSO will use both the aggregators and the ripple system for support of voltage 
control. The DSO will first seek support from the local balancing market to provide 
the voltage support. If the market responds, the DSO will send out set points to the 
DG units in order to ensure a stable system. If the market cannot respond and provide 
this service, the DSO will use the ripple control signal to limit the DG units’ output 
and ensure a stable and reliable grid.   

3.3.9 Summary New system services at Distribution Level 
TABLE 1 - NEW SYSTEM SERVICES AT DISTRIBUTION LEVEL (HALLBERG 

ET AL. 2013) 

System Service Purpose Delivery by Responsible  
Actor 

Firm Capacity 
Management 

DSO planning purposes; 
optimize system capacity 
utilization in order to use 

assets more efficiently 

DSO, DG-O/ 
Aggregators 

 
DSO 

Losses compensation Increased system 
efficiency 

DSO, DG-
O/Aggregators DSO 

Congestions Management 
Operate the system 
within the security 

standards 

DSO, DG-
O/Aggregator, TSO DSO 

Anti-islanding operation 

Avoid unsafe, 
unbalanced and poor 
quality distribution 

systems 

DSO, DG-O/Aggregator DSO 

Frequency control 

Under extreme situations 
of system strain, TSO 
can call upon DSO to 

deliver support – DSO as 
a conduit but needs to 
see what is happening 

DSO, TSO 
DG-O/Aggregator TSO/DSO 

Islanding operation 
Improve continuity of 
supply when higher 

voltage source is 

DSO, DG-
O/Aggregator, DSO 
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unavailable and ensure a 
stable system 

DSO Voltage Control 
 

Local supply quality 
security and increasing 
amount of DG power 

that could be injected in 
the system 

DG-O/Aggregator, DSO DSO 
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3.4 A DSOs key challenges - Information 
This section is supposed to give the reader a fundamental understanding of the 
changed and increased information flow within the distribution system. 
 
In the following figures, the increased information flow will be explained. 

3.4.1 Passive DSO and information flow 
In Figure 10 - Passive DSO and Information flow  a passive DSO and its information 
flow can be observed. Information about consumption is sent to the DSO. The DSO 
provides the consumer with system services of usage of the system and a reliable 
system without many outages. The TSO/DSO interaction is of ex-post character, 
where the DSO specifies the power demand and ancillary services. (Richard, 2013) 
 

 
FIGURE 10 - PASSIVE DSO AND INFORMATION FLOW  

3.4.2 Re-active DSO and DG units 
In Figure 11 - Re-active DSO and DG units the DSO has integrated monitoring and 
control of DG units, which can be used as a system service to provide voltage support. 
The TSO/DSO interaction is still of a ex-post character, with information exchange of 
demand. The TSO/BRP still provides ancillary services on a daily basis. (Richard, 
2013)  
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FIGURE 11 - RE-ACTIVE DSO AND DG UNITS 

3.4.3 Re-active DSO and Aggregators 
In Figure 12 - Re-active DSO and DG-O/Aggregators the market actor DG-
O/Aggregators have started to exist within the system and started to provide the new 
system services on a bilateral basis to the DSO. The new information flow between 
the DSO and the DG-O/Aggregator is in close to real-time and delivers operation 
status of the system. Both the DSO and DG-O/Aggregator have the capability to 
control the DG units’ output and limit power demand to ensure a stable and reliable 
system. The TSO/DSO interaction is still of a ex-post character, with information 
exchange of demand. The TSO/BRP still provides ancillary services on a daily basis. 
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FIGURE 12 - RE-ACTIVE DSO AND DG-O/AGGREGATORS 

3.4.4 Pro-active DSO and Information flow 
In Figure 13 - Pro-Active DSO and information flow there has been introduced new 
components in the distribution system. 
 
A Central Database has been introduced between the market actors in order to make 
the information sharing easier and more transparent. The central database can provide 
a well-structured and organized information exchange between relevant market 
actors. The DSO will have to provide the market actors with close to real-time 
information about the system status in order to have the ability to request the new 
system services. This information is shared through the central database.  
 
A local balancing market has evolved out of the ancillary services market, where DG-
O/Aggregator sells their new system services to the DSO. The system services are no 
longer on a bilateral basis between the DG-O/Aggregator. 
 
The interaction between the TSO/DSO has increased and now incorporates power 
flows, voltage information and fault management in real-time. The DSO also reports 
on the amount of DG generation to the TSO. On a day-ahead basis, the TSO/DSO 
information exchange includes forecasts of generation and load, weather forecasts and 
any potential dispatch plans. The visibility about the distribution system increases, 
and the TSO can operate the entire system on a more reliable basis and have higher 
energy efficiency in the transmission system.  
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FIGURE 13 - PRO-ACTIVE DSO AND INFORMATION FLOW 

3.4.5 Summary – Information flow with new system services 
The new system services that are emerging out of the smart system will require the 
DSO to have systems in place for acquiring technical data about the system as well as 
a capability to communicate and share information real-time with the central 
database. With an AMI system to monitor the system and a control system to steer 
DG units’ output, the DSO can use this information in order to operate the system and 
use/buy the new system services.  
 
In Table 2 - Information flows & exchanges (Hallberg et al, 2013) each new system 
service and its information flow have been specified.  
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TABLE 2 - INFORMATION FLOWS & EXCHANGES (HALLBERG ET AL, 
2013) 

System Service Information & Exchanges 

Firm Capacity 
Management 

DG outage program and availabilities (DG-O/Aggregator -> DSO) 
Information about generation output (DG -> DSO -> CDB->TSO) 

Real time generation output (DG -> DSO -> CDB->TSO) 
Real Time demand flexibility (DG-O/Aggregator -> DSO) 

Firmness period (DSO -> DG-O/Aggregator) 

Losses compensation 

Real time load and system voltage or fault conditions (DSO -> 
CDB) 

Real time generation output (DG -> DSO-> CDB) 
V, Q, power factor, set points (DSO ->DG) 

Demand Reduction signals (DSO -> CDB -> Aggregators) 

Congestions Management 

Real time load and system voltage or fault conditions (DSO -> 
CDB) 

Information about generation output (DG -> DSO-> CDB) 
Reduced set point / reduction signal (DSO -> DG) 

DG outage program and availabilities (DG -> DSO) 

Anti-islanding operation Local automatic signal generated in case of fault or triggering 
conditions (DSO -> all DG) 

Frequency control 

Real time active (Q) and reactive (P) power flows information 
exchange at the Transmission/Distribution interface (DG & Load -

> DSO ->  CDB->TSO) 
Load/Generation information (TSO -> DSO -> DG & Load) 

Islanding operation Real time active and reactive power flows information exchange 
(DG-O/aggregator -> DSO) 

DSO Voltage Control 
 

Reactive requirement (TSO -> DSO) 
Real time load and system voltage or fault conditions 

Real time generation output (DG -> DSO) 
V, Q, power factor, set points (DSO ->DG) 

 
In order to use these system services in the most optimal manner, they need to 
become market based and of real-time character, instead of being on a bilateral 
contract between actors. The central database will hold a crucial position in the 
development of the new system services.  
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3.6 A DSOs key challenges – Financial 
With the integration of DG units and the new operation model, the financial streams 
for the DSO will change.  

3.6.1 The DSO’s current Revenue and cost streams 
In today’s market, a DSO’s revenue stream is made up of connection charges and 
usage of the system charges. Since the system is operated with a passive management 
philosophy and a “fit and forget” strategy, few system services are required to ensure 
a reliable and stable system. 
 
The consumers also pay the DSO a connection charge to get connected to the system 
in order to receive electricity. The consumer has to “invest” in the connection to the 
system, but does not have to bear the cost of potential reinforcement of the system. 
(van Werven & Scheepers, 2005) 
 
The expenditures for a DSO can be divided into two different categories: Operational 
expenditures (OPEX) and Capital Expenditures (CAPEX). (van Werven & Scheepers, 
2005) 
 
CAPEX is a cost that is mainly built up around investments in the system assets in the 
system, as expansion and large-scale reinforcement costs. This shall include the assets 
as switchboards, transformers, cables etc. (van Werven & Scheepers, 2005) 
 
OPEX includes the cost of Usage of the Transmission System (UoS) to the TSO, 
Ancillary services (AS) to keep a balance on the system to the TSO, the energy losses 
in the system to large power producers and the operational and maintenance of the 
system. The expenditures listed are expenditures that can be controlled from a DSO 
perspective. (Huang and Olsson, 2011). 
 
The Usage of System charges are often based on a cascade principle: consumers pay 
for the costs to the distribution system, which they are connected to. The DSO pays 
the TSO for transmission of electricity, which is then charged the end user. (van 
Werven & Scheepers, 2005) 

3.6.2 The changing revenue and cost streams 
The biggest impact on the DSO business model will be the integration of DG units, 
since it will put new requirements on the system and challenge the system security 
and quality of service. The DSO also has to develop new system services in order to 
maintain quality of service. As stated before, the integration of DG units will have 
vast impact on the functions of the system. These new operational challenges and 
reinforcements will increase the cost for the DSO. (van Werven & Scheepers, 2005) 

3.6.2.1 Cost increase with DG penetration 

The report Cao et al. (2007) presented projections of the net cost impacts of rising 
penetration of DG in Finnish and UK distribution systems. The two case studies 
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varied notably between each other in term of system design, but the impact on cost for 
the DSO was quite similar. 
 
CAPEX on the system segments of the DSO system at the voltage levels at which DG 
facilities are connected rises hardly initially but rises more than proportionally fast at 
higher levels of DG penetration. On balance, at higher levels of DG penetration total 
CAPEX rise substantially. This tendency is somewhat softened when a DSO applies 
Pro-Active Management as operational management: expansion/replacement 
investments in system components are deferred partly offset by replacement by more 
expensive intelligent components and ICT infrastructure. (Cao et al. 2007)  

 
OPEX on account for system losses tend to diminish initially but to rise notably at 
higher penetration levels on account of increasing reversed power flows (from DSO 
to TSO) and increasing capacity utilization rates of the lines and wires. See Figure 14 
- Relation between system losses and DG penetration (van Gerwen, 2006). This 
tendency is aggravated by application of ANM, which at the margin relies more on 
intensive use of the existing assets through sharp real-time interventions rather than 
relying on redundancy through early system reinforcement under Passive System 
Management. (Cao et al. 2007)   
 
OPEX at high DG penetration levels also rise under ANM on account of curtailment 
payments to DSO system users at times when system capacity limit are being 
approached, notably DG foregoing revenues of curtailed generation. (Cao et al. 2007)   
OPEX on behalf of Operation and Mainentenance (O&M) costs tend to rise on 
account of increasing complexity of system operations and the DSO’s needs to 
monitor the system conditions more intensively and in more detail. (Cao et al. 2007)   

 

•  
FIGURE 14 - RELATION BETWEEN SYSTEM LOSSES AND DG 

PENETRATION (VAN GERWEN, 2006) 
 
Joode et al. (2009) simulated a generic distribution system model based on the 
topology and design of an “average” UK distribution system that is connected to a 
“system supply point” and compared the impact of DG on the (regulated) financial 
position of the DSO, and compared it with a system without any penetration of DG.  
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Analysis and conclusions from the report shows that: 
 
“DSOs adopting active system management philosophy are generally faced with 
similar general results as DSOs operating and adopting a passive system 
management philosophy. Penetration of DG in the system is favorable for the DSO 
for low penetration levels, but becomes unfavorable the higher the penetration rate 
and more concentrated the DG is in the distribution system.” (Joode et al. 2009) 
 
“Observing the differential impact on the DSO under passive and active system 
management philosophy, we conclude that there is an implicit incentive for the DSO 
to adopt an active system management approach in a number of cases, in particular 
the case when penetration is low or medium. For cases with high penetration 
conclusions cannot be drawn; more research is needed on the costs for the DSO when 
combining passive and active system management. “ (Joode et al. 2009) 
‘ 

3.6.3 The DSOs new financial flows in the smart market 
With the changed revenue and cost streams, the DSO’s capabilities model will have to 
change in order to create financial value for its investors.  
 
The current business model for the DSO is strongly influenced by the boundaries of 
the economic regulation that has been the case in the European electricity markets 
(van Werven & Scheepers, 2005), As discussed in previous sections, the penetration 
of DG units will impact the current revenue and cost stream of the DSO.  
 
By developing new business capabilities, i.e. new system services, and thereby 
diversifying the business model, the DSO can turn emerging threats to business 
opportunities. To be able to turn threats into opportunities, the DSO needs to 
transform from a passive DSO and become a pro-active DSO. A pro-active DSO 
provides market access to DG units by acting as a market facilitator and it provides 
several systems and ancillary services through intelligent and active management the 
new system services. This incorporates new streams of information and information 
exchange between actors. Information exchange has to take place between generation 
and consumption, the provision of ancillary services at distribution level, management 
of the system to provide system reliability and controllability. The transformation 
from passive towards pro-active will be accompanied by the development of new 
services for the distribution system, which can create new revenue drivers for the 
DSO. (van Werven & Scheepers, 2005) 
 
In Table 3 - New system services and business value (Hallberg et al, 2013), the 
recently discussed system services are defined accordingly to the potential business 
value. Firm Capacity Management, Losses compensation, Congestion Management, 
Frequency control, Islanding operation and Voltage control are of commercial 
character, which will have a commercial value to the market actors and the DSO if 
integrated and managed properly. 
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Congestions management, anti-islanding operation, DSO voltage control will be 
mandatory and required by the DSO and have little or no commercial value. (Richard, 
2013) 

TABLE 3 - NEW SYSTEM SERVICES AND BUSINESS VALUE (HALLBERG 
ET AL, 2013) 

System Service Business Value 

Firm Capacity 
Management Commercial 

Losses compensation Commercial 

Congestions Management 

Non-commercial to maintain defined 
limits for distribution stability. 

Commercial for purposes beyond 
maintenance of system stability or 

outside the scope of consumer’s own 
connection 

Anti-islanding operation Non-Commercial 
Frequency control Commercial 

Islanding operation Commercial 

DSO Voltage Control 
 

Non-commercial to maintain defined 
limits for distribution stability. 

Commercial for purposes beyond 
maintenance of system stability or 

outside the scope of consumer’s own 
connection 

3.6.4 New Cost and Revenue streams 
With the new system services, the DSO will have the ability to change or create new 
revenue streams as well as to minimize cost.  

3.6.4.1 UoS and Connection charges 

The DSO will impose regulated connection charges and UoS charges to DG units. 
These will be charged to the DG-O/Aggregator or the consumer owning the DG 
assets. According to de Joode et al. (2009) the connection charges will still be shallow 
with at least partial socialization of concomitant reinforcement costs in UoS.  
 
With the shallow connection charges, the DSO will encounter a negative business 
case, since they will have to bear the cost for reinforcement of the system. Most of the 
European Unions member states apply a shallow or shallowish connection charge 
when connecting a consumer/unit to the system. (Jansen et. al, 2007)  
 
As stated before, the integration of DG units can defer reinforcements costs for the 
DSO if the DG unit is located at the right location, why economic incentives need to 
be introduced to locate the DG units at the correct place. However, this does not solve 
the system reinforcement problems, since the DG-O may stop business whenever they 
do not find business lucrative anymore. (van Werven & Scheepers, 2007). 
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One economic incentive would be to use only shallowish connection charges, where 
the DG-O will have to bear the reinforcement cost if located at an unfavorable 
location. (Richard, 2013) 
 
In order to get DG units in the most optimal places, the connection charges need to be 
of shallowish character, where the DSO share firm capacity information with DG-
Os/Aggregators where to locate. This information capability need to be developed by 
the DSO and shared with the DG-O/Aggregator in a transparent way. (Richard, 2013) 
This is further discussed in 4.6.4.4 System information  
 
When DG units are generating electricity, there will be less electricity transport on the 
system, why the Usage of the System revenue will decline and affect the revenue 
stream. The consumer pays the DSO for transport of electricity. (Richard, 2013)  

3.6.4.2 Losses compensation 

With the integration of DG units at the most optimal location and an active 
management of its feed-in, it is likely that the energy efficiency of the system will 
increase. With the increased efficiency, and less transport of electricity, less losses 
compensation will be needed. This will decrease the DSO’s cost for energy losses to 
large power producers. (Richard, 2013) 

3.6.4.3 Congestion Management and local balancing 

To avoid system congestions, local balancing can reduce unwanted transportation of 
electricity to higher voltage levels through limitation of DG units feed-in and the need 
for ancillary services. Local balancing can also be used to decrease local demand 
order to match supply and demand and. In. The beneficiary party (TSO) will 
compensate the DSO for this. (van Werven & Scheepers, 2005) 
 
In order to get a working local balancing revenue stream, a new balancing market 
needs to evolve, where aggregator can trade their balancing services with the DSO. 
The DSO will when pay less for ancillary services to the TSO, which can be looked 
upon as a new revenue driver. The regulator needs to improve the regulatory 
framework to implement clear roles and rules for the local balancing market. Since 
the local balancing market will require time to be developed, the DSO have to sign 
bilateral contracts with Aggregators to be able to provide the TSO with local 
balancing services in the near future. (Richard, 2013) Another model would be to let 
pro-active DSOs own and operate DG units. 
 
Unbundling of DG units 
Since DSOs are acting within a natural monopoly, they are not allowed to own 
production capacity. DG units can be a substitute for line losses, as system 
reinforcements or extension, or for ancillary services. In this way, unbundling forms a 
hard boundary condition that forbids the DSO to extend its cost and revenue streams.   

4.6.4.4 System information 

With a pro-active system management philosophy and an AMI system in place, the 
DSO will have detailed information about its system and the status of components, 
generators and flows through the system, both in real-time and off-line.  
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This information will be shared with DG-Os and Aggregators via a Central database, 
which then can operate their DG units and loads in a more efficient manner, both 
financially and physically as ancillary services. Aggregators or energy suppliers can 
pay for this information, which will be beneficial for the DSO, since they can operate 
the DG units according to local balancing. (van Werven & Scheepers, 2005)  
 
As discussed before, the DSO needs to be able to handle and manage the increased 
technical information about the system. It also needs to develop the monitoring and 
analytics of the system in order to provide relevant and valuable information to 
market actors as DG-Os/Aggregators.  

3.6.4.5 Additional reliability 

Not all consumers will have the same reliability requirements. Some consumers want 
to have the safety constant supply of power. (van Werven & Scheepers, 2005) 
 
With the integration of DG units, anti-islanding operation and requirements to support 
TSO in frequency control and congestion management, the supply of power can 
become unstable.  
 
The DSOs can offer the additional reliability to consumers with high requirements, 
and charge a premium fort this. (van Werven & Scheepers, 2005) 

3.6.5 The new revenue drivers and cost 
In Figure 15 - New Revenue drivers for the Active DSO (van Werven & Scheepers, 
2005), new potential drivers and cost can be observed. By developing these new 
drivers, the DSOs adapt its business model to the changing circumstances. (van 
Werven & Scheepers, 2005) 
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FIGURE 15 - NEW REVENUE DRIVERS FOR THE ACTIVE DSO (VAN 

WERVEN & SCHEEPERS, 2005) 
 
 



 47 

3.7 Power and information flow – An example with the 3-
layer approach and frequency control service  

3.7.1 The 3 Layer Model of interaction with the local balancing market 
With the increased penetration of DG units, the DSO needs to ensure power quality 
and reliability of the system. Instead of using a reinforcement strategy as “fit and 
forget” the DSO needs to transform it into a pro-active DSO that use the new system 
services, the AMI system and control system in order to ensure a stable and reliable 
system.  
 
To be able to control and monitor the system, the DSO shall be empowered in its 
position as system operator, and have the ability to overrule system constraints to 
ensure a reliable and secure operation of the system. This is called a 3-layer model of 
escalation (Richard, 2013), where the DSO have the ability to first incentivize to 
reduce impact on the DSOs system, second to buy services from the market to further 
limit impact on the system and as the last layer of escalation, to overrule the 
constraints and take according decision to reduce or disconnect a load or a generation 
unit. 
 
Layer 1 – Incentivize 
This layer is added on top of the “unconstrained market”. When constraints arise, the 
DSO inserts incentives to reduce them. The Prosumer/DG-O/Aggregator synchronizes 
their production or consumption to reduce the stress on the system.  
Layer 2 – Buy services 
If Layer 1 did not solve the problem completely, the DSO escalates to Layer 2 and 
buys ancillary services (Voltage support, congestion management) from the local 
balancing market.  
Layer 3 – Overrule 
If layer 1 and layer 2 did not solve the constraints, the DSO has the power to overrule 
and disconnect a load or generation unit. (Richard, 2013) 
 
A DSO needs to be able to measure the contribution from the DG in real-time. With 
the real-time measurement capability of the system, the DSO has the capability to 
classify the state of the system to three different stages:  

1. System is unsecure (Red) 
2. System is in alert state (Yellow) 
3. System is in normal operation. (Green)  

 
Market principles (incentivize) should work in the first place when the system is in 
normal operation (green) or in alert state when the DSO buys services (yellow). This 
would be the case most of the time. The DSO actively engages in the local balancing 
market (DG or Demand Response) to buy services of flexibility to relieve system 
congestions. When the system is in the alert state, the DSO has an emerging 
congestion that needs to be resolved.  If the market cannot solve the congestions, the 
DSO shall have the capability to overrule and manage loads and DG units, to 
implement system efficiency improvements, and to control the isolation and 
restoration of outages. (Hallberg et al, 2013) This is called the event management 
capability.  
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In order to make the concept more concrete a simplified pro-active system 
management example with the capabilities have been developed: 

• Houses A, B and C have flexible loads (via DG-Os/Aggregators), DG units 
(operated by DG-O/Aggregator) and are smart metered.  

• The other four houses are smart metered, but no contract with a DG-
O/Aggregator.  

• The MV/LV intelligent substation is metered on a 15 minutes basis (explained 
in 3.2.1 Operation of the System) . 
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FIGURE 16 - EXAMPLE OF TRAFFIC LIGHT CONCEPT - LOADS AND DG 

GENERATION 

3.7.1.1 Operational and planning phase 

The pro-active DSO has invested in an AMI system that can monitor and a control 
system that can send commands to the components on the system. It has also 
developed and reinforced the system accordingly via its firm capacity service in order 
to fulfill its requirement to operate a reliable and stable system. The DSO has 
provided access to DG-Os/Aggregators to connect DG units on the most optimal 
location (House A, B and C).  
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3.7.1.2 Day ahead phase 

The DSO receives information about forecasted generation and load on House A, B 
and C via its forecasting capability and distributes it via its market communication 
capability to the CDB and onwards to the market actors. The DSO receives 
information from the TSO via the CDB that between 14:00 and 16:00 the power feed-
out from the LV system to the MV system is limited from the normal 1000 kW to 600 
kW in order to support with the frequency control service. 
The DSO calculates power flow and voltage on all nodes via the off-line analytics 
capability and has incorporated data from its weather forecast capability, operational 
forecasting capability and capacity forecasting. For the period 14:00 to 14:15 the 
calculation shows 2 problem situations that will put the system in an unsecure state.  

• The total feed out to MV is 700 kW 
• The voltage at point A would go up to 260 V. 

The DSO uses its event management capability and incentivizes the market for 
assistance via its market communication capability: 

• Less DG generation is needed so a reduction of 100 kW feed out is 
accomplished at the MV/LV transformer.  

• Flexibility at the points A, B and C 
The market responds that a 100 kW reduction is possible at the DG unit in House C 
and that House A consumes 3 kW more that resolves the voltage problem. The DSO 
uses the contract settlement and contract execution capability to reimburse the DG 
unit in house C and the load at house A. The DSO sends set points via its control 
system to the DG unit in house C. The DSO makes a new analysis and finds that the 
system is now in secure (Green) state.  
 
A PV graph can be observed in Figure 17 - System state - Plan phase.  
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FIGURE 17 - SYSTEM STATE - PLAN PHASE 

3.7.1.3  Operate phase 

On the day itself, the sun is shining a lot more than forecasted the day before via the 
forecasting capability. The DG unit in House A is producing more power than 
forecasted.  
As a consequence, the voltage at house A goes above the voltage limit and the safety 
device at house A turns the DG unit off in order to secure the system and uses its 
overrule authority.  
 
An alarm is sent to the DSO that the system is unsecure with a voltage peak at house 
A. The intelligent substation tries to rectify the situation, but it cannot compensate 
enough.  
 
The DSO calculates that reducing the output of the DG unit at House A to 90 % 
would solve the problem. The DSO then decides to use its voltage support service and 
buys services from the DG units. The DSO sends a set point that the DG unit shall 
only inject 90 % of its feed-in.  
 
A few minutes later the safety device reconnects the DG unit and it injects 90 % of its 
output. The system is back to its normal operation and in secure mode as can be seen 
in Figure 18 - Normal Operation. 
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FIGURE 18 - NORMAL OPERATION 
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4. Theory 
In this chapter the theory applied on the research will be explained. 

4.1 The Business Model Ontology 
Osterwalder (2004) presented a new framework on how business models are built up 
around four different areas that have to be addressed in order to conduct business. The 
model has been influenced by the Balanced Scorecard approach (Kaplan and Norton, 
1992) and more generally business management literature (Markides, 1999). 
Osterwalder concludes that the business model framework has to address the 
following four areas: 
 

• Product: What business the company is in, the products and the value 
propositions offered to the market. 

• Consumer interface: Who the company’s target consumers are, how it 
delivers them products and services, and how it builds strong relationships 
with them. 

• Infrastructure management: How the company efficiently performs 
infrastructural or logistical issues, with whom, and as what kind of system 
enterprise. 

• Financial aspects: What is the revenue model, the cost structure and the 
business model’s sustainability. (Osterwalder, 2004)  

 
The four areas is then split into nine interrelated business model building blocks, or 
simply business model elements. While the four areas are a rough categorization, the 
nine elements are the core of the ontology. These elements consists of: 
 

• Product: Value proposition 
• Consumer Interface: Target Consumer, Distribution channel, Relationship 
• Infrastructure Management: Value configuration, Capability, Partnership 
• Financial Aspects: Cost structure, Revenue Model (Osterwalder, 2004) 

 
These nine elements are described in Table 4 – The nine building blocks 
(Osterwalder, 2004). 
 

TABLE 4 – THE NINE BUILDING BLOCKS (OSTERWALDER, 2004) 
Pillar Building Block of 

Business model 
Description 

Product Value Proposition 
A Value Proposition is an overall view of 
a company’s bundle of products and 
services that are of value to the consumer 

Consumer 
Interface 

Target Consumer 
The Target Consumer is a segment of 
consumers a company wants to offer 
value to. 

Distribution Channel A Distribution Channel is a means of 
getting in touch with the consumer. 
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Consumer Relationship 
The Relationship describes the kind of 
link a company establishes between itself 
and the consumer. 

Infrastructure 
Management 

Value configuration 

The Value Configuration describes the 
arrangement of activities and resources 
that are necessary to create value for the 
consumer. An actor performs the 
activities.  

Capability 

A Capability is the ability to execute a 
repeatable pattern of actions that is 
necessary in order to create value for the 
consumer. 

Partnership 

A Partnership is a voluntarily initiated 
cooperative agreement between two or 
more companies in order to create value 
for the consumer 

Financial 
Aspects 

Cost structure 
The Cost Structure is the representation in 
money of all the means employed in the 
business model 

Revenue model 
The Revenue Model describes the way a 
company makes money through a variety 
of revenue flows 

 
These nine building blocks have then certain fields that need to be addressed in order 
to be able to deliver a complete picture of the business. 
 
Value Proposition has to address what value the company delivers to the consumer 
and which of the consumers’ problem it helps to solve. If the consumers are in 
different segments, the company needs to classify which products and services are 
offered to each segment. At last the company need to figure out the needs that it is 
satisfying. (Osterwalder, 2004) 
 
A value proposition can according to Osterwalder be understood as “the statements of 
benefits that are delivered by the firm to its external constituencies.” (Osterwalder, 
2004) 
 
Target Consumer has to address for whom the company is creating value, and who 
are the company’s most important consumers. (Osterwalder, 2004) 
 
Effective segmentation of consumers enables the company to allocate investment 
resources to target consumers that will be most attracted by its value proposition. The 
most general distinction of target consumers exists between business and/or 
individual consumers, commonly referred to as business to consumer (B2C) and 
business-to-business (B2B).  
 
Distribution Channels has to address which channels the company’s consumers 
want to be reached through, how the company communicates with the consumers 
today and how we can communicate with them in the future. (Osterwalder, 2004) 
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Consumers relationship has to address what type of relationship each of the 
company’s consumer segments want the company to establish and maintain with the 
consumer. This building block also has to address what types of relationships have 
already been established and how costly are they. (Osterwalder, 2004) 
 
All consumer interactions between a firm and its clients affect the strength of the 
relationship a company builds with its consumers. But as interactions come at a given 
cost, firms must carefully define what kind of relationship they want to establish with 
what kind of consumer. Profits from consumer relationships are the lifeblood of all 
businesses. These profits can be achieved through the acquisition of new consumers, 
the enhancement of profitability of existing consumers and the extension of the 
duration of existing consumer relationships (Grant and Schlesinger, 1995) 
 
Value Configuration has to address what activities and resources are required to 
deliver value to our consumers. It is heavily linked to the capability building block. 
(Osterwalder, 2004) 
 
The value configuration shows all activities necessary and the links among them, in 
order to create value for the consumer. (Osterwalder, 2004)  
 
Within the value configuration building block, there is an activity element. The 
activities performed in a company are to create and market value and generate profits. 
An Actor executes an activity, which can be the firm or one of its partners. 
(Osterwalder, 2004) 
 
Capability has to address what the company’s core capabilities are. Wallin (2000) 
describes capabilities as repeatable patterns of action in the use of assets to create, 
produce, and/or offer products and services to the market.  (Osterwalder, 2004) 
 
Partnership is similar to consumer relationship, but instead of delivering an end 
product, the partnership is between two companies’ to deliver value to the end 
consumer. The partnership has to address whom the company’s key partners are, and 
what key resources are acquired from the key partners. It also has to address what key 
activities our partners perform. (Osterwalder, 2004) 
 
Cost Structure has to address what is the most important cost inherent in our 
business and which resources and activities that is the most expensive. (Osterwalder, 
2004) 
 
Revenue Model has to address how the company makes revenue from consumers. It 
also has to address what the consumer pays for, and how much each revenue stream 
contributes to the overall revenue. (Osterwalder, 2004) 
  
These nine building blocks can then be characterized in the following model: 
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FIGURE 19 - THE NINE BUILDING BLOCKS 

 

5. Discussion 

5.1 ACETP Five bullet points 
A pro-active DSO employs innovative products and new system services together 
with systems that monitor, controls and communicates with components and market 
actors. 
 
According to ACETP a smart electricity system should better facilitate the connection 
and operation of generators of all size and technologies. (ACETP, 2006)  
 
As a pro-active DSO, the DSO needs to develop, incorporate and use the new system 
services provided by the local balancing market to facilitate the connection and 
operation of its distribution system. In order to integrate the maximum amount of DG 
units via DG-O/Aggregators, the DSO will have to have excellent knowledge about 
its system and how these DG units contributes to the overall system reliability and 
stability. This is done via firm capacity management and monitoring and controlling 
systems.  
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In order to facilitate the integration of DG units, the connection charges will have to 
become shallowish, so that they can be located at the most optimal location. The DSO 
need to provide the market actors with excellent and transparent information about the 
system and incentivize the DG-O/Aggregator to locate on the most optimal location, 
and that requires the minimal reinforcement need to avoid increased CAPEX for the 
DSO 
 
A smart electricity system should also allow consumer to play a part in the optimizing 
the operation of the system. (ACETP, 2006) 
 
In order to allow the consumer to play a part in the distribution system, load shedding 
and integration of DG units, the consumer need to become a prosumer that both 
generates and consumes power. In order to make it the most optimal, a DG-
O/Aggregators will have to evolve into the distribution market and aggregate 
generation and loads in order to provide large-scale support and provide the local 
balancing market with the new system services to optimize the operation of the 
system.  
 
In order to ensure that information is shared on a timely and efficient manner between 
the DSO and the DG-O/Aggregator/Prosumer a Central Database need to evolve 
where information is shared in real-time and transparent way. 
 
To empower the consumer/prosumer and let it play a part in the optimizing the 
operation, the DSO need to provide it with more choices of supply and more 
information about the network. This will be done through the introduction of DG-
O/Aggregators, which can become the third party between the prosumer and the DSO.  
 
When the DG-O/Aggregator has started to exist in the market place, new system 
services can start to exist, and the DSO can buy ancillary services through the local 
balancing market from the DG-O/Aggregator.  
 
As explained earlier, the integration of DG units will pose new challenges on the 
system. The DSO will have to support the TSO on the overall system stability, why 
load shedding and islanding operation will become more common. Some 
consumer/prosumer will have different reliability requirements, why the DSO can 
make a new revenue driver with additional reliability, and segment its consumers into 
different reliability classes.  
 
With the 20/20/20 goal from the European Union, and the statement of Significantly 
reduce the environmental impact of the whole electricity supply system (ACETP, 
2006); the DSO will have to increase the efficiency of its system and integrate the 
maximum amount of DG generation.  
In order to integrate the maximum amount of DG generation, the DSO need to have a 
monitoring system and control system in place to ensure a stable and reliable grid that 
utilizes its assets in the most optimal and firm way.  
 
The DSO will have to increase its offline and real-time information sharing about its 
system to the other market actors in order for them to locate on the most optimal 
location, and provide the DSO with system services that can reduce the environmental 
impact of the distribution system.  
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With the integration of DG units in the most optimal location, usage of a monitoring 
and control system, off-line and real time information sharing and introduction of new 
system services through the local balancing market, the pro-active DSO will have the 
ability to deliver according to its responsibilities of a reliable and secure system with 
a high security of supply. 
 
In order to do so, the DSOs business model will have to change and evolve out of the 
changing circumstances.  
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5.2 The business model ontology 
The following section, the changing circumstances for the DSO will be discussed out 
of Osterwalders (2004) theory about the business model ontology. 
 
In the discussion, the consumer/prosumer will be the DSO consumer. The TSO and 
the DG-O/Aggregator will be in a consumer partnership with the pro-active DSO, 
where services are both bought and sold to each other.  
 
Before every discussion section, the business model ontology is explained again for 
the reader in order to have a fundament to stand on. 

5.2.1 Target consumer 
There is no doubt that the target consumer for a DSO is about to change. From being 
a silent and non-informed consumer, the consumer will change and become an 
informed and non-silent prosumer that actively engages in the market. With the 
integration of DG units, and evolvement of the distributed generation, the prosumer 
will become the DSO’s most important consumer. A regular consumer cannot support 
the DSO with system services. 
 
The new system services are dependent on the integration of DG units in order to 
supply the DSO with services through the local balancing market. The prosumer will 
most likely not engage in the local balancing market, instead it will engage through an 
DG-O/Aggregator firm that aggregates its generation and load and supply the DSO 
with the new system services. 
 
This will put new requirements on the segmentation of the target consumer. The 
consumers will not only be a B2C, instead the DSO will have to manage both B2C 
and B2B, since it will have to create value for both the prosumer and the DG-
O/Aggregator.  
 
A new target consumer, the TSO, will evolve with the introduction of the new system 
service. The TSO can buy congestion management or frequency support form the 
DSO, why the TSO will become a target consumer that buys services from the DSO.  
 
The target consumer can be segmented into four different categories: 

• Consumer – The consumer that has least importance in the new system 
service delivery. It will still deliver revenue in forms of connection charges 
and usage of the system, but cannot supply the DSO with bilateral value 

• Prosumer – The DSO supply the prosumer with the connection of DG units 
onto its system, which creates value for the prosumer. The value is of bilateral 
character, since the DSO is dependent on integration of DG units in order to 
use the new system services  

• DG-O/Aggregator – The DSO will deliver to the DG-O/Aggregators since it 
will conduct business within its network. The DG-O/Aggregator will be a 
target consumer since the value chain is bilateral. 

• TSO – The TSO will become dependent on the DSO in order to help out with 
frequency control and congestion management.  
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In order to manage these four different target consumers, the DSO will have to 
become more powerful in its management of consumer relationships. 

5.2.2 Value Proposition 
The DSO is operating within a natural monopoly that is regulated by a regulating 
authority. This makes the value proposition a bit different from regular value 
proposition for companies within a market. Without the market competition and 
competitors, the products and services offered to the consumer might lack in 
innovation. To simulate market competition and development of new products and 
services, the regulator regulates the DSO and has to incentivize innovation and R&D.  
 
To simulate competition, the regulator has specified what is expected by the DSO and 
what it needs to offer the consumer. 
 
Hallberg et al. (2013) specified what the pro-active DSO responsibilities are, which 
will be the pro-active DSOs value proposition; 
 
Distribution planning, system development, connection & provision of system 
capacity.  
A pro-active DSO is obliged develop its system and provide access to it. A pro-active 
DSO has to provide third party system access to third party actors (DG-
Os/Aggregators/Prosumer) and provide firm capacity information about the system. 
This will put major challenges on the pro-active DSO since it, unconditionally, have 
to provide access.  
 
Distribution system operation/management and support in system operation:��� 
A pro-active DSO has to maintain system security and a reliable and stable system to 
its consumers. A pro-active DSO will also have to provide value to the TSO, so this 
market actor can provide overall system security.  
 
Power flow management: Ensuring high reliability and quality in their systems  
Both Continuity and capacity: 
A pro-active DSO has to ensure that the consumers on the system are experiencing a 
high reliability and good quality. This will become harder with the introduction of DG 
units and its challenges it puts on the system.  
 
The pro-active DSO will have to manage a bilateral power flow and connection of 
consumers and distributed generation units. In order to do so, it needs to develop, buy 
and deliver new system services.  
 
With the more complex distribution system and smarter components, the pro-active 
DSO will have to act as an integrator of DG units instead of just providing access to 
it. With the defined responsibilities of a pro-active DSO, the DSO will also have to 
plan and develop its system and its capacity in cooperation with DG-Os/Aggregators 
as well as the TSO to integrate the maximal amount of DG units. 
 
The DSO will evolve from being a silent and non-informative market actor and 
become a market actor with a lot of information and technical data. This will have to 
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be exchanged with other market actors in order for them to run operation of their DG 
units, or to deliver/receive power. This information will be of value to Aggregators, 
DG-Os and the TSO in order for them to run their business.  
 
As a whole the DSO will transform from being a silent and static system operator and 
become a communicative and dynamic system operator. This will require the DSO to 
incorporate new divisions in to its value proposition. 

5.2.3 Distribution Channels 
With the changed target consumer to involve both the consumer, prosumer, DG-
O/Aggregators and the TSO, the distribution channels of information will have to 
change. The pro-active DSO will have to deliver information in a new and transparent 
way.  
 
The flow on information will change as described in 3.4 A DSOs key challenges - 
Information. With the increased and changed flow of information, the DSO will have 
to establish distribution channels to all consumers/market actors through a new central 
database, in order to provide information in a timely and efficient manner. This will 
be done instead of delivering the information on a bilateral basis.  
 
Consumer/Prosumer 
Since the consumer/prosumer will become more informed and engage in the market, 
the communication with consumer will have to increase. The complexity with the DG 
units will require the DSO to develop new contract management capabilities in order 
to provide the consumer with transparent information about curtailed load and 
generation for security purposes.  
 
DG-O/Aggregator 
The pro-active DSO will have to develop new distribution channels to the DG-
O/Aggregator in order to utilize the new system services. The new system services 
will be heavily dependent on the pro-active DSOs capability to deliver information in 
a timely and efficient manner to the DG-O/Aggregator. This makes the distribution 
channels business critical to the pro-active DSO in order to deliver according to its 
responsibilities.  
 
The pro-active DSO will also have to develop new contract management with the 
DG-O/Aggregator in order to  
 
TSO 
Distribution of information to the TSO will have to be real-time or close to real time 
in order to provide each other with system services as frequency control and system 
balancing. As a pro-active DSO, the communication between the DSO and the TSO 
will have to become more intense, in order to maintain a reliable and secure system.  

5.2.4 Consumer Relationship 
With introduction of new target consumers as the TSO and the DG-O/Aggregator, 
new consumer relationships will have to be established and maintained.  
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Since the DSO is acting within a natural monopoly market, the consumer relationship 
might be something that is not as well managed as other business what operates 
within a competitive market. An unsatisfied consumer within a competitive market 
will take its business elsewhere.  
 
With the introduction of more complex products/services, the consumer relationship 
will become a more important building block within the business model. With the 
integration of DG units, the DSO will have to manage new type of prosumers and 
DG-O/Aggregators.  
 
Consumer/Prosumer 
The consumer/prosumer are a consumer within a natural monopoly market. The 
consumer relationship will change and become more intensive due to more complex 
products and usage of the new system services. Since the pro-active DSO will use the 
DG units for system services and stability, the relationship with consumer will have to 
be more transparent and increase in order to maintain a satisfied consumer/prosumer.  
 
DG-O/Aggregator 
Since the DG-O/Aggregator are not operating within a natural monopoly, and may 
chose where to conduct business, this relationship will have to be established, 
managed and maintained in order for the pro-active DSO to provide new system 
services and conduct business within its distribution system. A failure to maintain a 
good consumer relationship with a DG-O/Aggregators business may make the DG-
O/Aggregator to take its business elsewhere, why reinforcement investments, 
distribution planning of integrated DG units and ability to buy and use system 
services may disappear. This will hurt the pro-active DSOs business if not managed 
accordingly. 
 
The TSO 
The consumer relationship with the TSO will have be established, managed and 
maintained. The DSO need to have a close relationship with the TSO in order to have 
the ability to deliver system services and operate a stable and reliable system. This 
relationship will be unconditionally, since the TSO has the overall system stability, 
and may request system support whenever from the DSO.  

5.2.5 Value configuration 
In order to fulfill its responsibilities and value proposition, the DSO need to use the 
new system services and learn to incorporate them into its operation, when planning 
and operating the system. 
 
In order to provide a secure and reliable grid, the DSO needs to:  

• Integration of DG Units onto its system 
• Reinforce the system with DG units in mind (intelligent substations etc. etc.)  
• Invest in an AMI System for monitoring purposes  
• Invest in a control system to be able to provide voltage support and solve 

congestions  
• Invest in system to forecast load and generation feed-in 
• Market communication system for communication with market actors 
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In order to provide the distribution market and its actors, the distribution market need 
to develop a central database for an efficient and timely information sharing.  
 
To provide the consumers with a secure and reliable grid, the DSO needs to perform 
and utilize the new system services as described in Table 5 - System Services and 
Activities 
 

TABLE 5 - SYSTEM SERVICES AND ACTIVITIES 

System Service Purpose Activities by 

Firm Capacity Management 
DSO planning purposes; 
optimize system capacity 
utilization in order to use 

assets more efficiently 

DSO, DG-O/ Aggregators 
 

Losses compensation Increased system efficiency DSO, DG-O/Aggregators 

Congestions Management Operate the system within the 
security standards 

DSO, DG-O/Aggregator, 
TSO 

Anti-islanding operation 
Avoid unsafe, unbalanced and 

poor quality distribution 
systems 

DSO, DG-O/Aggregator 

Frequency control 

Under extreme situations of 
system strain, TSO can call 

upon DSO to deliver support 
– DSO as a conduit but needs 

to see what is happening 

DSO, TSO 
DG-O/Aggregator 

Islanding operation 
Improve continuity of supply 
when higher voltage source is 

unavailable and ensure a 
stable system 

DSO, DG-O/Aggregator, 

DSO Voltage Control 
 

Local supply quality security 
and increasing amount of DG 
power that could be injected 

in the system 

DG-O/Aggregator, DSO 

 
 
The activities to run and manage the new resources are heavily linked to the 
capabilities of a DSO, why the activities are discussed in the capability section 
underneath.   

5.2.6 Capability 
 
The pro-active DSOs capabilities are linked to the responsibilities that the DSO has to 
fulfill.  
 
The most important capability the pro-active DSO will need is the capability to 
execute the 3-layer approach and first incentivize, buy services and as the last 
instance, overrule and ensure a stable grid.  
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In order to operate and manage a system as a pro-active DSO, it has to have the 
following capabilities: 

• An Investment and Planning capability in order to integrate as much DG units 
as possible without endangering the reliability and quality of supply. 

• Forecasting capability in order to forecast generation, load, capacity and 
weather to determine potential congestions on the system.  

• A communication capability to communicate analysis and forecast of the 
potential congestions with the local balancing market and sharing through the 
Central database. This will help the DSO to incentivize the market to solve 
congestions. 

• A monitoring capability to oversee power flows and voltages within its 
system.  

• A steering capability to optimize the power flow and feed-in from DG units. 
• An event management capability to take appropriate action in order to keep a 

reliable and stable grid. 
• A commercial capability to enable local balancing market to solve voltage 

problems and congestions in the most optimal way (Financially)  
• A contract management capability in order to manage different types of 

contracts and develop new consumer relationship. 
• A consumer relationship capability to ensure that the consumer is receiving 

value from the DSO 

5.2.7 Partnership 
The new system services are to deliver a stable and reliable grid that has integrated 
the maximum amount of DG units.  
 
The DSO will have to develop a new partnership with the DG-O/Aggregator in order 
to provide value to the end consumer. As described in the consumer relationship 
section, the DSO is dependent on the DG-O/Aggregator for integration of DG units, 
and deferral of system reinforcement. The key resources from the DG-O/Aggregator 
are aggregation of DG units and loads. The DG-O/Aggregator conducts business 
activities, as explained earlier, by aggregating generation and load in order to feed-in 
power, and provide the distribution system with the new system services.  
 
The DSO will have to maintain the partnership with the TSO in order to still receive 
ancillary services when needed. This partnership will not be as strong as it is today, 
since the DSO will start to use local ancillary services when needed.  
 
With the introduction of new system services the pro-active DSO will have to develop 
new partnerships with the DG-O/Aggregator and the TSO. 

5.2.8 Cost Structure 
As presented in 3.6.1 The DSO’s current Revenue and cost streams a DSOs cost is 
made up of CAPEX and OPEX. 
 
A pro-active DSOs CAPEX cost will become different. From having a “fit and 
forget” reinforcement strategy it will start to adopt a pro-active strategy where all 
components of the system is incorporated into the reinforcement strategy. For 
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example, locating the DG units on the most optimal places within the system can 
offset reinforcement costs. To stimulate prosumers and market actors to locate on the 
most optimal places, the DSO needs to provide the market with system information 
on where to locate, and have the ability to use shallowish connection charges. If 
shallowish connection charge is not used, the DSO will have to bear the 
reinforcement cost, and not have ability to steer where to locate DG units. This will 
have a vast impact on the DSOs CAPEX. 
 
A pro-active DSOs OPEX cost will both increase and decrease with the pro-active 
strategy. The usage of the transmission system will decrease since less power is 
imported from the TSO. Ancillary services will most likely increase, since the system 
will become more unreliable with voltage fluctuations In order to solve it, more 
ancillary service will be needed. The ancillary services will be bought from the DG-
O/Aggregator at the local balancing market, as well as from the TSO.  
 
The investment of a monitoring and steering system will also increase the CAPEX 
cost. In order to run the monitoring and steering system, the DSO will experience an 
increase in the OPEX cost as well with the increased complexity of operations of the 
system.  
 
The monitoring and steering can lower the energy losses in the system, since the 
steering of the DG units can lower the times when system capacity limits are being 
approached. It might also increase the energy losses in the system, since the pro-
active strategy relies on more intensive use of existing components (higher utilization 
rate). Since there are no clear empirical evidence on this, no conclusion can be drawn, 
except that the energy losses will change.   
 
The new cost structure for a pro-active DSO will become more complex, and will 
impact the financial flows. In order to minimize the negative impact on costs, the pro-
active DSO needs to have full understanding of its system, and how DG units 
contribute to it.  

5.2.9 Revenue Model 
The DSOs revenue stream will change with the introduction of new consumers as 
DG-O/Aggregators, TSO and the prosumer. Instead of just delivering power and 
receiving revenue through connection charges and usage of the system, the DSO will 
provide its consumers with more products/services.  
 
The additional reliability is a revenue stream that needs to be further investigated and 
if there is a potential pain to solve. With the increase voltage fluctuations, some 
consumer might want to a higher continuity of supply than others. The DSO could 
charge extra for this. 
 
With the integration of more DG units, and its intermittent character, the overall 
system stability will become harder to maintain. The TSO will call upon frequency 
control and islanding operation from the DSO, which can then be reimbursed by the 
TSO. In order to develop this revenue stream, the DSO needs to develop capabilities 
to operate the system as an island.  
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Van Werven & Sheepers (2004) suggested that system information could be a 
potential new revenue stream and that DG-O/Aggregators will pay for this system 
information in order to run their DG units and loads in a more financially optimal 
way. I see a lot of problems with this potential new revenue stream, since it is a 
consumer/partnership between the DG-O/Aggregator and the DSO. Since the DG-
O/Aggregator supports the DSO with the new system services, I do not see the need 
for selling information to the DG-O/Aggregator.  
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6. Conclusion 
This report has aimed at trying to understand how the changing market conditions for 
a DSO will impact its business model. Osterwalders (2004) business model ontology 
was the business model theory behind the discussion and concluded in the following 
generic business model for a DSO. 
 

 
FIGURE 20 - THE PRO-ACTIVE DSOS GENERIC BUSINESS MODEL 
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7. Further research 
 
Further research has to be conducted in order to establish a more concrete business 
model for a pro-active DSO.  
 
The target consumer element is something that needs more research in order to 
quantify the possible value from a DSOs perspective.  
 
The new system services needs to be quantified in order to get an understanding of its 
financial value and how it contributes to the DSO cost and revenue streams.   
 
A central database is as can be observed crucial in the development of transparent and 
fast information exchange between the market actors and in order to provide the new 
system services that will be required. How to develop and integrate this central 
database is something that needs further research. 
 
How the DSOs consumer relationship/partnership will be developed is another topic 
that needs further research in order to concretize how to establish and maintain these 
relationships. Since the DSO will start to conduct business with consumers that are 
not operating within a natural monopoly, the DSO will have to develop a consumer 
relationship capability.  
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