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Abstract — Meeting the target objectives of the European 
Union by 2030  is to reduce greenhouse gas emissions by 40% 

(compared to the reference 1990) and the share of renewable 
energy by at least 27% of the total energy consumption,  has 
led to an ever-increasing integration intermittent renewable 

energy sources (RES). The largest share of intermittent 
renewable sources of electricity is occupied by wind power 
plants and solar power plants. 

In the beginning of the integration of intermittent 

renewable sources on the transmission network, the problem of 
balancing the electric power system (EPS) caused the 

impossibility of managing the production of the mentioned 
power plants due to their dependence on weather conditions 
(sun and wind). To solve this problem, technical measures for 

balancing the EPS system have been analyzed and defined 
using conventional production facilities such as gas thermal 
power plants and accumulation hydroelectric power plants. 

However, as the installed capacity of RES increases over time, 
so it is the bigger need for balancing energy in the power 
system both on the transmission and on the distribution grid. 

In the paper is presented challenges of the transmission 

system operator to solve the problem of balancing power 
system when increasing the installed capacity from the RES by, 

among other things, managing distributed generation and 
consumption in the distribution network. 

Index Terms— distribution production , demand response, 

electric power system. 

I.  INTRODUCTION 

The development and liberalization of the electricity 

market leads to consideration of the ability of the network 

user (at the distribution level) to participate in providing 

balancing EPS and support through production and 

consumption management. Apart from the liberalization of 

the electricity market, new sources such as: batteries, home 

power systems and electric cars are new technology at the 

distribution level that needs to be developed in order to 

change the approach of managing the EPS in technical and 

market terms by managing production and consumption as 

would reduce the need for balancing energy at the 

transmission level of the EPS. 

II. DEMAND RESPONSE IN EUROPE TODAY 

 

Demand Response is recognized as an important factor 

for security of supply, integration of renewables, 

improvement of the market and inclusion 

consumer/participants. From November 2016 Demand 

Response is included in legislative within Electricity Market 

Design on the Clean Energy Package on proposal European 

Commission’s. Process of enabling independent aggregation 

or consumers to participate in Demand response has shown 

progress has been made by most countries, but also visible 

progress have been made on customer involvement and the 

implementation of the regulatory framework [1],[2]. 

The current state of consumer and regulatory framework 

for Demand Response in Europe today is given in Figure 1. 

[2]. 

 

 
Fig. 1. Map of Explicit Demand Response development in Europe 

today (source [2]) 

 

Demand Response objectives are identified in the Network 

Code on Demand Connection from august 2016 their 

working modes are presented in Table 1. 

TABLE I.  MANAGEMENT MODES CONSUMER/PARTICIPANTS BY 

NETWORK CODE [3] 

Target Description 

Demand response 

active power control 

Demand within a demand facility or closed 
distribution system that is available for 

modulation by the relevant system operator 

or relevant TSO, which results in an active 



Target Description 

power modification; 

Demand response 

very fast active power 

control 

Demand within a demand facility or closed 

distribution system that can be modulated 

very fast in response to a frequency 

deviation, which results in a very fast active 
power modification; 

Demand response 
reactive power 

control 

Means reactive power or reactive power 

compensation devices in a demand facility 
or closed distribution system that are 

available for modulation by the relevant 

system operator or relevant TSO; 

Low frequency 

demand 
disconnection 

Action where demand is disconnected 

during a low frequency event in order to 

recover the balance between demand and 
generation and restore system frequency to 

acceptable limits; 

Demand response 

system frequency 
control 

Means demand within a demand facility or 
closed distribution system that is available 

for reduction or increase in response to 

frequency fluctuations, made by an 
autonomous response from the demand 

facility or closed distribution system to 

diminish these fluctuations; 

Low voltage demand 
disconnection 

Means a restoration action where demand is 

disconnected during a low voltage event in 

order to recover voltage to acceptable limits; 

Demand response 
transmission 

constraint 

management 

Means demand within a demand facility or 
closed distribution system that is available 

for modulation by the relevant system 
operator or relevant TSO to manage 

transmission constraints within the system 

 

III. CONTROL OF DISTRIBUTED CONSUMPTION AND 

PRODUCTION FROM TRANSMISSION AND DISTRIBUTION 

LEVEL  

 

Increased integration of renewable energy sources at the 

transmission and distribution level over the past ten years has 

contributed to the transformation of power systems with 

traditional (conventional) production portfolios into power 

systems with a large share of renewable sources such as wind 

power plants and solar power plants. Traditional production 

units are characterized by high power and therefore they are 

connected to the transmission grid, while renewable sources 

are characterized by lower power but because significantly 

larger number of them, they are connected to lower voltage 

levels (Figure 2) [3]. 

For successful managing of the power system consisting 

from one side of significant share of versatile renewable 

sources of power, and with other consumption it is necessary 

to be flexible, with respect to establish, if possible, a more 

modern management of customer consumption to ensure the 

greater flexibility of the power system itself. 

When mentioning the flexibility of the power system, we 

think of the ability of the system to receive all the electricity 

produced from renewable sources at the transmission and 

distribution levels without network congestion and to meet 

all demanded electricity need of consumers. 

 
Fig. 2. Increasing the capacity involved in the customer consumption 

management system in Ireland (source [3]) 

 

Since maximum production (from renewable sources) and 

maximum consumption are usually not simultaneous, it is 

necessary to have a high quality co-ordination of power 

system managing at the transmission level with coordination 

of power system management at the distribution level which 

would manage the customer consumption. We could say that 

the successful and efficient of the power system management 

is based on the mutual coordination of producers and 

electricity consumers at all voltage levels [4]. 

According to the conducted researches involving of 

relatively small electricity customers in the consumption 

management system can be achieved by the following 

measures: short-term shutdown of the lights (those which are 

not necessary), temporary reduction of compressor power in 

refrigerators, temporary shutdown of cooling and heating of 

premises, processes postponing in the industry that require 

significant electricity consumption, temporary shutdown of 

machines that are not necessary in the production process, 

battery and aggregate activation when electricity can’t  be 

downloaded from the network. 

Based on the above facts, it can be visible that the aspects 

of the exclusion of individual consumers are often 

considered when an insufficient generation of electricity is 

expected in the system. In order to reduce the potential 

shortage of electricity during the peak loads, it is proposed to 

use the following options: increasing the energy efficiency 

for devices connected to the electricity network and 

managing customer consumption through contracts, tariffs 

and equipment automation. 



IV. ENTSO-E GUIDELINES RELATED TO DISTRIBUTED 

CONSUMPTION MANAGEMENT 

 

The European Network of Transmission System Operators 

for Electricity (ENTSO-E) has recognized the importance of 

energy consumption management at the distribution level, 

whose workgroup European Standards for Planning & 

Networking Policies has been active within the System 

Development Committee. It has drawn up a draft Network 

Customer Relationship Rules December 2016, which became 

the European Commission Regulation - Online Customer 

Access Code (NC DCC) in 2016 [4]. 

During the design of the above-mentioned Network for 

Consumer Connection, ENTSO-E has recognized the 

following benefits of energy management: 

- Electricity customers are given the opportunity to 

create their own consumer habits, ultimately 

resulting in potential reductions in electricity costs. 

- Energy consumption management enables system 

operators to maintain a high level of security of 

supply, sufficient power supply, optimizing the use 

of existing infrastructure and network planning 

investment. 

- Energy consumption management should be seen as 

an alternative to production facilities, with the 

encouragement of competitiveness in the integrated 

European electricity market. 

 

However, to achieve the full potential of consumer 

consumption management, ENTSO-E delivers five 

guidelines that need to be meet: 

1) Defining the responsibility and the roles of all 

stakeholders involved in the establishment of 

efficient energy management. Particularly great 

responsibility and the role of efficient energy 

management have TSO and DSO. 

2) Develop solutions to optimize energy management 

among all stakeholders by establishing a central 

management site. This enables the transmission and 

distribution system operators, customers and 

suppliers to meet their technical, legal and 

commercial obligations. 

3) Completion of a completely new paradigm that 

need to be taken into consideration during planning 

the development of the transmission and 

distribution system, as well as developing a solution 

for operating the power system. Traditionally, 

customer consumption management used as the last 

measure in securing the security of supply and in 

the case of disturbances in the power system in a 

way to exclude a certain percentage of consumers. 

4) Including energy consumption management 

measures into market-based mechanisms at the 

same level with production plants and electricity 

storage facilities in such a way that the electricity 

market establishes a system of incentives for 

customers involved in energy management. 

5) Adoption of a European regulatory framework for 

the implementation of energy consumption 

management measures taking into account the 

specificities of individual countries and regions. 

V. EUROPEAN EXPERIENCE IN DEMAND RESPONSE 

 

Implementation of Demand Response development in 

Europe at the end of 2017 is shown on Figure 1. As it may be 

seen France, United Kingdom, Finland and Ireland are the 

leading countries in implementing proposed measures from 

Europe legislative. So far it is also obvious that in Croatia 

and others countries of Southeast Europe Demand Response 

measures have not been assessed, but till today no progress 

has been made in most of the present countries. 

France is currently leading country to have a clear 

framework on the status of independent aggregators and their 

role and responsibilities in the market. France has set an 

objective of increasing RES share to 32% in the final energy 

consumption and to 40% in the electricity generation mix by 

2030. To achieve that goal it is important to apply and 

develop DR as one of the instrument to achieve cost-

efficiently implementation RES. Important role in the 

application of DR has been the separation of the role of the 

supplier and the assemblies of the customer's plant 

(aggregator). Customers are allowed to choose a supplier and 

a set of customer units (aggregators) that are independent of 

each other. Important role through the process was to ensure 

high confidentiality of information related to the commercial 

activity of market participants with respect to electricity 

suppliers. 

It is achieved that aggregators can manage energy 

consumption management in the market of energy and 

capacity (capacity, balancing, system reserves and ancillary 

services) in the same way as production capacities (generator 

blocks). 

Republic of Ireland started in 2008 with implementation 

of DR on market-based principles. The first Demand Side 

Units became operational in July 2012; the second in 

December 2012. By the end of 2015, eleven customer 

service assemblies existed in Ireland that offer up to 260 

MW to reduce power consumption in the system and 

industrial and service companies had signed contracts and 

participated with 300 MW for demand response. They 

operate on the electricity market on the same principles as 

production facilities. With the rapid expansion of wind 

energy and a target of 40% renewable energy in electricity 

generation by 2020, the system’s need for flexibility is set to 

increase, so it’s to be expect the spread of demand response. 



Also households are planning to include in the customer's 

consumption management system, which requires advanced 

metering and networking systems [2], [6]. 

TABLE II.  DEMAND RESPONSE IN FRANCE [5] 

   French capacity market 
4
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DSR as 

experiment

ation 
1
 

Balancing 

open to DSR 2 
NEBEF 3  

1 01/07/14 - DSR Ancillary Services experimentation                                                                             
2 2003 - Balancing market open to DSR                                    
3 18/12/13 - NEBEF: direct and explicit participation of DSR in energy markets                                  
4 01/04/15 - French capacity market start, fully opened to DSR 

 

In the research of 18 countries shows a total increase in 

the interest of demand response compared to the previous 

report in in almost all examined countries. Regulatory 

changes have been implemented, few country have clear 

framework, some of them have partially access to market and 

products, while most of them have definition of frameworks 

under development or discussion have started. In countries 

with almost non-existent interest for demand response 

research is also carried out and a final progress of all 

countries that was assessed is given in the table 3 [2], [6], 

[7]. 

The analysis on member states was conducted according 

to the following criteria described in Methodology: 

- Demand Response access to markets, 

- Service providers access to markets,  

- Product Requirements  

- Measurement and verification, payments and    

   penalties 

 

 It is important to say that measurable improvements and 

encouraging plans are in most country in progress and 

further improvements are still possible and necessary even 

for more advanced countries. 

 

 

 

 

TABLE III.  DETAILED GRADING OF THE COUNTRIES ASSESSED [2] 

2017 

 

Demand 

Response 

Access to 

Markets 

Service 

Provider 

Access 

Products 

Requirements 

Measurement 

and 

Verification, 

payments and 

Penalties 

Austria 3 1 5 3 

Belgium 3 3 5 3 

Denmark 3 1 3 3 

Estonia 1 0 1 0 

Finland 5 1 3 5 

France 5 5 5 3 

Germany 3 1 3 3 

Great Britain 5 3 3 3 

Ireland 5 5 3 1 

Italy 1 0 1 1 

Netherlands 3 1 3 3 

Norway 3 1 3 3 

Poland 1 1 1 1 

Portugal 0 0 1 0 

Slovenia 1 1 0 3 

Spain 0 0 1 0 

Sweden 3 1 3 3 

Switzerland 3 5 3 5 

 

VI. CONCLUSION 

 

Increasing the integration of renewable energy sources 

into the European power system has led to use a different 

instruments in energy management. One of the key 

components in successful power system management and an 

important instrument for increasing the flexibility is Demand 

response. In paper it is shown the time and path that is 

necessary to implement Demand response in European 

legislative and legislative of presented countries.  

Demand response is relatively new to electricity market so 

it’s need some time do be accepted within European 

Electricity Market. Conducted research and testing at the 

European level show relatively small electricity customers 

are capable to enter into the energy management system. It is 

estimated that currently only 4% of customers in the EU 

have the technical capacity to participate in active 

management of their own consumption. Countries that was  

not covered with in this paper at the very beginning in terms 

of implementing Demand response in legislative and market 

frameworks. It can be sad that progress of regulatory 

framework in Europe for Demand Response in each country 

is very different. European Electricity Market it just need to 

become more functionally and effective for consumer access 

to market, market activities and commercially tradeable in 



European countries so that the Demand response would be 

accepted and implemented.  
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