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1 EXECUTIVE SUMMARY 

PV GRID aims at enhancing PV hosting capacity in distribution grids while overcoming regulatory and 
normative barriers hampering the application of available technical solutions. Those solutions have been 
identified and explored by the PV GRID project consortium, including distribution system operators 
(DSOs), national and European PV associations and other electricity sector experts. Starting from the most 
favourable solutions and by discussing the barriers to their application at both European and national 
levels, the project consortium has developed European-wide regulatory and normative recommendations 
aiming at reducing and removing the current barriers. The most important normative and regulatory 
recommendations are presented in this Advisory Paper.1  

Technical Solutions for Grid Hosting Capacity  

PV GRID has focused on identifying technical solutions to solve voltage and thermal issues in distribution 
networks. These solutions can be used to increase the PV hosting capacity in the distribution networks. 
They have been classified in DSO solutions, PROSUMER solutions and INTERACTIVE solutions and include 
the following:  

 DSO solutions: network reinforcement, on load tap changers, advanced voltage control, static 
VAr control, DSO storage, booster transformers, network reconfiguration, advanced closed-
loop operation; 

 Prosumer solutions: prosumer storage, self-consumption by tariff incentives, curtailment of 
power-feed in at PCC, active power control by PV inverter, reactive power control by PV 
inverter; 

 Interactive solutions: demand response by local price signals, demand response by market 
price signals, SCADA & load control, SCADA & PV inverter control, and wide area voltage 
control. 

Cost and benefits of the different solutions were compared by applying an interactive method based on 
a multi-criteria analysis, complemented by multi-stakeholder workshops. In a second step, two multi-
criteria indicators have been defined for assessing both the cost-benefit and the regulatory priority for 
each solution. Finally, the results for the different countries have been combined for defining a list with 
three effectiveness levels (high, medium, and low effectiveness) of technical solutions at European level 
for two grid types (LV and MV), by involving the expertise of distribution grid operators (DSOs), PV 
associations and other stakeholders. 

The European Regulatory and Normative Framework 

Many EU pieces of legislation, together with network codes and technical standards, can have an impact 
on PV deployment and specifically, on PV integration in distribution grids, including the technical solutions 
identified by PV GRID. Consequently, the PV GRID project consortium decided to provide the European 
context on relevant directives, network codes and other technical standards, which directly or indirectly 
influence national regulations. Broader recommendations aiming at changing the European framework 
in order to support adaptations on the national level are provided as well.   

Within the European framework, of special interest are conditions under which priority dispatching and 
generation curtailment are considered. As the main driver for network investments is the peak power, 
the network is generally dimensioned in a way that enables the DSO to cope with all demand withdrawn 
from and production injected into the grid at any time throughout the year while still adhering to all 
(security and technical) parameters. If the production remaining after local demand has been met is 

                                                           
1 The normative recommendations address administrative barriers and other obstacles that either DSOs or prosumers 
have to face when implementing technical solutions that would instead allow for higher grid hosting capacity, such as 
inappropriate grid codes and insufficient technical standards. Regulatory recommendations, on the other hand, 
address the framework in which DSO and PV systems owners operate. For instance, a certain national regulatory 
framework may not allow a DSO to recover the costs of necessary grid-enhancing investments. Also, a PV system 
operator may not be correctly incentivised (by means of network tariffs, for instance) to make an efficient use of the 
distribution grid. 
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higher than the demand peak the segment was planned for, probably the DSO will have to make a new 
investment to be able to accommodate that production peak in the grid under any circumstances. A large-
scale introduction of PV or other DG into a specific distribution network segment is therefore clearly a 
driver for investments. Against this background, the question arises on whether, and if so, how and under 
which conditions, curtailment – understood as PV peak shaving – could be used to increase distribution 
network hosting capacity and delay or even avoid PV-driven network investments. PV GRID considers a 
EU-wide, fair and informed discussion on the issue to be worthwhile and in markets with high PV 
penetration levels even necessary and would like to foster such an informed and fair discussion. PV GRID 
has formulated recommendations on boundary conditions for the use of curtailment that could serve as 
guidance to dialogue among all partners and to EU and national lawmakers.  

EU network codes can have a positive influence on PV grid and market integration; however, they can 
imply high compliance costs for PV generators, thus slowing down the potential growth of the PV 
technology. Network codes are designed in order to address cross-border issues; they however have a 
strong impact on distributed generation, such as PV, and on distribution system operators. Such impact 
should be taken into account both at the design and implementation phase of network codes. It should 
be understood that PV systems use mass-produced components; therefore, the implementation of these 
network codes will only be cost-efficient if relevant standards exist and are fully used.  

For mass-marketed equipment like inverters or other DER components, standardisation is the most 
effective solution to address the challenges related to grid integration of distributed generation while 
minimizing costs by avoiding products variance. Attention should be paid to the lack of appropriate 
standards and support should be provided to the relevant CENELEC technical committees. 

Implementation of Technical Solutions at National Level 

The discussion on the implementation of the technical solutions identified by PV GRID in the project’s 
four focus countries (Germany, Spain, Italy and Czech Republic), has led to the identification of a series 
of barriers, either general (affecting all solutions identified) or specific (affecting mainly one or a few of 
the solutions identified) at national level. The barriers further examined include: DSO investment 
recovery, grid connection charges and distribution network tariffs, rules forbidding RES energy 
curtailment except for security issues, insufficient self-consumption framework, insufficient DSO access 
to advanced PV inverter capabilities, insufficient framework for prosumer storage, insufficient framework 
for demand response, incoherent metering framework and regulatory frameworks that do not incentivise 
Smart Grids. The barriers are illustrated on the basis of examples in the focus and other European 
countries. Also, general recommendations for mitigating them are provided.  

DSO Investment Recovery 

A number of technical solutions proposed in the PV GRID project affect the costs incurred by DSOs. 
Therefore, remuneration schemes need to be addressed and adapted to ensure that DSOs are 
encouraged to implement smart grid solutions when this can be considered efficient.  

Grid Connection Charges and Distribution Network Tariffs 

The grid connection of PV installations entails a certain amount of network costs, both at the point of 
connection and, in some cases, in the upstream network. Cost allocation between connection charges 
and distribution network tariffs should be evaluated in order to allow for a compromise between 
improving grid hosting capacity and promoting DG development. The higher the costs for connection 
charges, the more likely DG projects will not be realized due to lack of investment.   

Rules Forbidding RES Energy Curtailment Except For Security Issues 

Curtailment is usually only accepted for emergency situations and generally managed by TSOs. Despite 
this, PV GRID acknowledges that there are cases in which DSOs should be allowed to curtail the output 
energy of PV installations. These cases are involved in the implementation of the following technical 
solutions that allow for enhancing the overall distribution gird capacity for PV: 

 Curtailment of power feed-in at PCC; 
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 Active power control by PV inverter P(U); 

 SCADA + PV inverter control (Q and P); 

 Wide area voltage control 

Therefore, PV GRID considers a EU-wide, fair and informed discussion on the issue to be worthwhile and 
in markets with high PV penetration levels even necessary and would like to foster such an informed and 
fair discussion. PV GRID has formulated some recommendations on boundary conditions for the use of 
curtailment that could serve as guidance to dialogue among all partners and to EU and national 
lawmakers. 

Insufficient Self-consumption Framework 

In addition to reducing a prosumer’s electricity bills, self-consumption can bring benefits to the whole 
system, since it reduces the electricity that needs to be distributed or transmitted through the grid. These 
benefits are at their best if the overall peak power demand is reduced either globally or locally, since 
distribution and transmission networks have to be sized for the peak scenario. Countries that do not have 
a self-consumption framework in place, should consider legislation for allowing it. In addition, economic 
incentives stimulating PV electricity self-consumption to contribute to network operation (reducing 
peaks) should be assessed.  

Insufficient DSO access to advanced PV Inverter Capabilities 

Modern inverters are able to provide a lot of functionalities to support network stability. Although some 
of these solutions are already available from a technical point of view, in many countries the DSO cannot 
exploit such functionalities, as he does not have access to the PV inverter. In countries where DSO access 
is allowed, other barriers may include the lack of experience and clear rules, as well as the absence of 
standards. Hence, besides providing DSOs with access to advanced PV inverter capabilities, it will be 
important to define boundary conditions, standards and clear market rules. 

Insufficient Framework for Prosumer Storage Solutions 

Generally, prosumer storage solutions are allowed in most European countries. Two negative examples 
are those of Spain and Czech Republic where prosumer storage is explicitly forbidden. However, even in 
those cases where prosumer storage is allowed, it is not very spread, both because of economical 
profitability issues and lack of clarity on the connection and operation requirements in conjunction with 
existing DG. In Germany, an incentive program for storage that could be a reference for other countries 
has recently been launched. Furthermore, by means of connection conditions and other technical rules it 
should be ensured that prosumer storage does not pose a security problem to the system or interfere 
with the metering of DG production. 

Insufficient Framework for DSO Storage Solutions 

In principle, storage solutions can be used by DSOs to address the intermittency and variability of DG. 
However, due to the concept of unbundling, DSOs are not allowed to sell energy to final customers and 
they must be unbundled from any supply activities. Whether this automatically implies that DSOs are not 
allowed to own, operate or use storage is currently under discussion in several countries. Due to the 
versatile capabilities of storages to optimize the rate of grid utilization, there should be a reflection on 
how to activate its potential for DSO use. 

Insufficient Framework for Demand Response 

Basic demand response services are available in several countries in the form of tariffs with time-block 
discrimination. However, this type of demand response is only useful to reduce system peaks, and not for 
local violations of the technical constraints. Additionally, from the point of view of integrating PV 
installations, it is usually more useful to have the ability to increase demand rather than to reduce it. This 
requires more advanced and dynamic services of demand response including the necessary processes, 
market rules etc. especially in unbundled electricity markets. A detailed regulation on Demand Response 
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is still not present in several countries, given the complexity of the topic and the strong connection with 
the future “Smart Grid” implementation.  

Incoherent Metering Framework 

The deployment of smart meters is connected with the ability of the distribution network to host more 
DG. However, it must be recognised that while smart meters are convenient for some solutions, they are 
not sufficient. They need to be complemented with other equipment that for example allows remote 
controlling, and with new business models that turn the available data into business opportunities. 
Furthermore, certain degrees of smartness can be achieved even without a complete rollout of smart 
meters.  

Regulatory Frameworks that do not incentivise Smart Grids 

The aim to develop smart grids at a European level is often in conflict with national regulations, which 
establish the specific conditions under which DSO recover their investments. Basically, the national 
frameworks tend to implement regimes that include elements of incentive regulation, which has the main 
objective of promoting only efficient investments, with the aim that this reduction in investment and/or 
operational expenditure will ultimately imply a reduction of prices for the consumer. In fact, smart grid 
solutions oftentimes rely on technologies that have shorter useful lives and/or are not fully proven yet. 
Consequently, DSOs could discard their implementation due to the technological uncertainties. Under 
these conditions, NRAs should consider setting specific incentives to adopt and test innovative solutions. 

Application at National level 

Aiming at providing guidance and advice to member states that either anticipate a significant increase in 
PV penetration or are planning for such an increase, a roadmap for “Increasing PV Penetration” in a given 
national context has been developed. Together with the technical solutions the roadmap can be used to 
identify gaps in the national regulatory and normative frameworks. To this end, it will support member 
states in their PV and overall RES strategy as it gives an indication whether the technical solutions to 
increase the hosting capacity of existing grids should be exploited.  

National Case studies 

Essential resources have been dedicated to further analyse the current regulatory and normative barriers 
towards the technical solutions in the four PV GRID focus countries: Spain, Italy, Czech Republic and 
Germany. Each case study sets out to describe the current situation of PV integration in the 
correspondent distribution grid and identifies the most relevant technical solutions for each country. 
Subsequently, insufficient regulatory and normative framework conditions are addressed by describing 
the current standards and regulations, including the problems and deficiencies, and by identifying the 
technical solutions affected by those standards and regulations. Finally, each case study provides 
recommendations on how to improve the framework conditions in each country concerned.  
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2 INTRODUCTION 

PV GRID is a transnational collaborative effort in which fifteen national and European solar industry 
associations, two distribution system operators (DSOs), a policy consultancy, a technical consultancy and 
a regulatory research institute cooperate within the Intelligent Energy Europe Programme. The project is 
coordinated by the German solar industry association, BSW-Solar. 

The overall goal of the PV GRID project is to address the regulatory and normative barriers hampering the 
integration of PV into the electricity distribution grids in Europe through two main actions: 

 the assessment and comparison of national frameworks for PV development in the 16 
participating countries; 

 the prioritisation of technical solutions available for enhancing PV hosting capacity in 
distribution grids and the formulation of regulatory and normative recommendations for their 
adoption. 

Assessment of National Frameworks for PV Development 

The assessment and comparison of national frameworks for first developing and then operating PV 
systems in 16 European countries is achieved by means of an extensive research activity involving fifteen 
national industry associations and coordinated by the policy consultancy eclareon GmbH, based in Berlin, 
Germany. The results of this assessment are disseminated through the online PV GRID database2 and 
were recently presented in a series of national forums organised in each of the participating countries 
during the spring and summer of 2013. 

Enhancing PV Hosting Capacity in Distribution Grids 

The objective of enhancing PV hosting capacity in distribution grids is pursued by an initial prioritisation 
of available technical solutions, analysed by involving distribution grid operators (DSOs) and other 
electricity sector experts. This task, completed in May 2012, has built on the experience of two DSOs: 
ENEL Distribuzione (Italy) and RWE (Germany) and was coordinated by DERLab, an association of 
laboratories and research institutes in the field of distributed energy resources based in Kassel, Germany. 

Starting from the most favourable solutions identified in the previous task and by discussing the barriers 
to their application at both European and national levels, the project consortium is currently developing 
European-wide regulatory and normative recommendations. This second step of the action, led by the 
Institute for Research in Technology of the Madrid-based Comillas Pontifical University, culminates in this 
advisory paper. 

The normative recommendations address administrative barriers and other obstacles that either DSOs or 
prosumers have to face when implementing technical solutions that would instead allow for higher grid 
hosting capacity, such as inappropriate grid codes and insufficient technical standards. 

Regulatory recommendations, on the other hand, address the framework in which DSO and PV systems 
owners operate economically. For instance, a certain national regulatory framework may not allow a DSO 
to recover the costs of necessary grid-enhancing investments. Also, a PV system operator may not be 
correctly incentivised (by means of network tariffs, for instance) to make an efficient use of the 
distribution grid. 

National and European Level Communication 

The results of our work will be communicated and discussed in a series of European national and 
workshops targeted at DSOs, regulators, policy-makers and other electricity sector stakeholders taking 
place from January 2014 onwards. These national and European level communication activities for the 
dissemination of project results are coordinated by EPIA, the European PV Industry Association based in 
Brussels, Belgium. 

 

                                                           
2 See: http://www.pvgrid.eu/database.html  

http://www.pvgrid.eu/database.html
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European Advisory Paper 

This document aims at providing an overview of the issues and barriers that, at both European and 
national levels, need to be addressed in order to enhance the distribution grid capacity for PV and other 
distributed generation. A set of recommendations is presented in order to overcome these issues, 
allowing for the implementation of the identified technical solutions.  

The following chapters are organised as follows: 

 Chapter 3 presents an overview of the technical solutions identified in PV GRID; 

 Chapter 4 describes current issues and provides recommendations at European level; 

 Chapter 5 discusses the implementation of the identified technical solutions at national level;  

 Chapter 6 provides a framework allowing for a customised application of the identified 
recommendations in different European national contexts; 

 Chapter 7 offers a deeper analysis for the four PV GRID focus countries: Germany, Italy, Czech 
Republic and Spain.  
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3 OVERVIEW OF TECHNICAL SOLUTIONS 

3.1 Identification of Technical Solutions 

When it comes to increasing the PV hosting capacity of distribution grids, voltage limitation is the most 
common constraint. Another limiting factor when increasing the installed PV capacity is the thermal 
limitation due to high current flow through electrical devices such as transformers. If these local problems 
are solved, higher shares of PV can be integrated. However, more global issues related to system stability 
or security of supply may also occur.  

During the work of PV GRID, the project consortium has focused on the first two challenges, dealing with 
the identification of the technical solutions to solve voltage and thermal limitations. These solutions can 
be used to increase the PV hosting capacity in the distribution networks. They have been classified in DSO 
solutions, PROSUMER solutions and INTERACTIVE solutions.  

DSO solutions are installed and managed on the grid side and do not require any interaction with the 
consumers or the PV plants. PROSUMER solutions are installed before the meter, i.e. on the PV operator’s 
premises, and react based on the grid characteristics at the point of common coupling, without any 
communication with the DSO. The INTERACTIVE category requires a communication infrastructure linking 
the hardware located in different grid locations. 

Figure 3.1.1 - Technical solutions enhancing distribution grid hosting capacity 
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DSO Solutions 

Network reinforcement - Network reinforcement is the most traditional action carried out in order to 
ensure compliance with voltage and thermal requirements in case the connection of a new PV plant may 
bring variations outside the reference values. Further grid hosting capacity is provided by additional cable 
and transformer capacity installations. Hence, it is the  most frequently adopted action today. However, 
costs can be significantly high in some cases.  

On Load Tap Changer (MV/LV transformer) - OLTCs are and have been largely used in HV/MV 
transformers. In MV/LV transformers, tap changers are usually not automated and have to be 
parameterised manually based on information about the MV grid topology. OLTC on MV/LV transformers 
can significantly contribute to solve voltage control issues in LV networks.  

Advanced voltage control (HV/MV transformer) - Through OLTC the output voltage of the transformer 
can be changed according to the value of some parameters: these parameters for HV/MV transformers 
are usually the voltage at the MV busbar and the HV/MV transformer load. The presence of distributed 
energy resources (DER) connected to MV feeders makes this regulation increasingly unreliable. Therefore 
OLTC must be combined with some advanced voltage regulation system by measurements within the MV 
and possibly the LV grid to get a better knowledge about the actual grid state. 

Static VAR Control - Utilizing Static VAR Compensators (SVC) enables to provide instantaneously reactive 
power under various network conditions. Reactive compensation can be used to sustain voltage in a MV 
or LV distribution network. Reactive power contribution to voltage control in LV networks is smaller as the 
resistive part of the impedance is prevailing. 

DSO storage - Static storage systems, although still very expensive and space consuming, are flexible tools 
and can be used for solving many problems in distribution grids. Typical applications are peak shaving, 
power shifting, ancillary services and backup in case of grid failure.  

Booster Transformers - A Booster Transformer is a transformer of which one winding is intended to be 
connected in series with a circuit in order to alter its voltage and the other winding is an energizing 
winding. Boosters are MV-MV or LV-LV transformer that can be used to stabilize the voltage along a feeder. 
In the past, boosters have been generally installed in long feeders to compensate voltage drops exceeding 
standards. One can imagine using the same equipment for mitigating negative impacts of PV on voltage. 

Network Reconfiguration - MV grids are usually topologically meshed, but operated radially. This means 
that in boundary points some switches are kept open and can be used for re-supplying the feeder in case 
of outages. In case of connection of a new DER plant or other significant changes within a feeder, it may 
happen that, by changing the substations that are used as boundary points a new configuration can be 
obtained which complies with all voltage requirements. However, this solution has usually a quite low 
impact and should be considered only as an initial measure that can be applied in regions with rather low 
DER penetration. 

Advanced Closed-Loop Operation - Closed-Loop Operation (or Closed Ring Operation) is the method of 
grid operation where each point of a given part of a network is fed from two different sources along two 
distinct paths to decrease the circuit impedance. However, this solution significantly increases the 
complexity of the operation, while having a moderate impact on the investments necessary to integrate 
RES. 

Prosumer solutions 

Prosumer Storage - Storing electricity at prosumer level enables to mitigate local voltage and congestion 
problems provided that a reduction of the feed-in peaks can be ensured. The fluctuating generation is 
buffered by storage and can be used whenever needed. Prosumer storages are mainly interesting in areas 
where the DER is located next to comparable loads. This is especially the case for residential 
implementation of PV i.e. in LV grids. In areas with a high implementation of small DER this solution can 
also have benefits on higher grid levels. 

Self-consumption by tariff incentives - An adequate measure to reduce the distribution grid load is to set 
up direct or indirect incentives for self-consumption of DER by the prosumers. The prosumer can optimise 
his own demand in relation to the fluctuating DER in his household. For instance, with a fixed tariff 
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structure (e.g. feed-in price lower than consumption price), the prosumer is incentivised to shift his 
electricity consumption in order to reduce the PV production injected in the grid. Alternatively, self-
consumption can be directly incentivised with a premium granted for all the electricity self-consumed. 
The benefit of such an incentive scheme is that the prosumer is able to decide by himself whether he 
wants to adapt his demand or not.  

Curtailment of power feed-in at PCC – A device (e.g. the meter) at the customer’s site controls that the 
feed-in power is never above the contracted maximum power or above a fixed value (e.g. 70% of the 
installed PV capacity as implemented in the German Renewable Energy Act). This solution requires the 
control device to be able to power down the PV production or to activate a dump load. Fixed curtailment 
makes sense as the real production of a PV system only seldom reaches values that are close to its installed 
capacity. Therefore even a significant reduction of the generated power (kW) would cause only a small 
loss of energy production (kWh) [1].   

Active power control by PV inverter P(U) - Voltage and congestion problems can be solved by curtailing 
the PV feed-in power. Contrary to the fixed power curtailment as described in previous solution, the LV 
grid voltage could be used as a proxy indicator for the grid situation and for the curtailment level. For 
economic reasons, active power reduction should be used only when all other less expensive solutions 
have been applied. However, if over-voltages occur in LV grids that cannot be reduced by other measures, 
it is better to reduce the power than to shut off the PV inverter completely. 

Reactive power control by PV inverter Q(U), Q(P) - Providing reactive power as a function of the local 
voltage value [Q=Q(U)] or as a function of the active power production [Q=Q(P)], limits the voltage rise 
caused by distributed generation. With this solution, the reactive power of the inverter can be a function 
of its active power production [Q=Q(P)] or a function of local voltage measurements [Q=Q(U)]. The 
effectiveness of this solution on managing voltage ultimately depends on the impedance of the feeder 
and is lower in case of high R/X ratio. This technical solution is therefore more effective in MV networks 
than in LV ones. 

Interactive solutions 

Demand response by local price signals - Demand response can be triggered by local price signals 
(different from available market prices) available only to consumers located in feeders, which experience 
voltage and/or congestion problems. These price signals can be set directly by the DSO or indirectly by 
energy aggregators, based on the estimated grid situation respecting demand and generation forecasts. 
In this approach, different consumer electricity price areas are defined within the DSO network according 
to the grid loading. This solution requires the installation of a smart prosumer energy interface (smart 
meter) able to receive the variable price signals, as well as a smart network information and control 
system (smart SCADA) on the DSO side and a communication infrastructure between them. 

Demand response by market price signals - Demand response can be triggered by electricity market price 
signals, which are identical for consumers wherever they are located. However, having a global price signal 
for all prosumers will not allow distinguishing between the different local situations in the distribution 
grid. Therefore this solution is more appropriate for the electrical market than for grid integration issues. 

SCADA + direct load control - In critical grid situations, DSOs or energy aggregators are allowed to 
remotely activate or curtail dedicated consumer loads, based on agreed contract. A capacity payment 
would be offered to the customers who allow third parties to make use of their flexibility in emergency 
cases. In principle, direct load control can be applied both in MV and LV networks with comparable results. 
However, implementing interactive measures on LV grids implies a larger number of installation points, 
resulting in an increased level of complexity of the system while the relative size of installation is smaller. 

SCADA + PV inverter control (Q and P) - The level of reactive power provision and the active power 
reduction of dedicated PV inverters are remotely controlled by a feeder supervisory control system. This 
solution is potentially feasible, from a mere technological point of view, and can be implemented in 
selected portions of existing networks. The more sophisticated the sensors’ and communication 
infrastructure requirements, the less adequate (from the techno-economic point of view) they are for LV 
networks. 
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Wide area voltage control - This solution includes all Voltage and VAR control technologies available in 
the distribution grid, combined to efficiently monitor power, determine control settings, and then adjust 
voltage and reactive power. Pieces of equipment like OLTC transformers, distribution capacitor banks, 
distribution voltage regulators or PV inverters are coordinated to optimize voltage and power factor in the 
whole DSO area. Smart grid technologies are applied to enable measuring the voltage and power factor 
at several points, controlling the equipment, coordinating and optimizing the generation and load. 

3.2 Prioritisation of Technical Solutions 

For the purpose of comparing the benefits and costs of the different possible technical solutions for 
increasing the grid hosting capacity for PV and due to the many different conditions existing in European 
distribution grids (such as PV penetration levels, feeder characteristics, load profile, load density), the PV 
GRID project consortium decided to apply an interactive method based on a multi-criteria analysis, 
complemented by multi-stakeholder workshops. 

Initially, the different technical solutions have been evaluated against common criteria (cost, availability 
of technology , impact on grid hosting capacity, applicability within existing regulations) for four grid type 
categories (rural LV, suburban LV, rural MV and suburban MV grids) in each of the four focus countries. 

In a second step, two multi-criteria indicators have been defined for assessing both the cost-benefit and 
the regulatory priority for each solution. The cost-benefit indicator is based on the three criteria cost, 
impact on voltage and impact on congestion. The regulatory priority indicator is based on the two criteria 
availability of technology  and applicability within existing regulations. During the evaluation process, the 
distinction between rural and suburban grids was evaluated as not very relevant and only two grid 
categories (LV and MV) remained for consideration. 

Finally, the results for the different countries have been combined to define a list with three effectiveness 
levels (high, medium, and low effectiveness) of technical solutions at European level for two grid types 
(LV and MV), by involving the expertise of distribution grid operators (DSOs), PV associations and other 
stakeholders. 

 Figure 3.2.1 shows the prioritisation for the low voltage (LV) networks, while Figure 3.2.2 shows the 
prioritisation for the medium voltage (MV) networks. 
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Figure 3.2.1 - Summary of technical solutions for voltage quality and congestion problems, prioritisation for the low voltage 

networks.3 

  

                                                           
3 As curtailment is legally possible in Germany under the Renewable Energy Sources Act (EEG), but is considered to 
be an exemption from the DSO’s general duty to provide capacity and to enhance the grid infrastructure, German 
members of the PV Grid consortium opted for a “green/red” indication, i.e. curtailment can be applied if problems 
occur, however, a more general adaption of the solution requires regulatory development. Cf. the extensive 
discussion of the curtailment issue within the German context in Chapter 7.4. 
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Figure 3.2.2 - Summary of technical solutions for voltage quality and congestion problems, prioritisation for the medium 

voltage (MV) networks4 

                                                           
4 As curtailment is legally possible in Germany under the Renewable Energy Sources Act (EEG), but is considered to 
be an exemption from the DSO’s general duty to provide capacity and to enhance the grid infrastructure, German 
members of the PV Grid consortium opted for a “green/red” indication, i.e. curtailment can be applied if problems 
occur, however, a more general adaption of the solution requires regulatory development. Cf. the extensive 
discussion of the curtailment issue within the German context in Chapter 7.4. 
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4 EUROPEAN CHALLENGES AND RECOMMENDATIONS 

While discussing the implementation of the identified technical solutions, the PV GRID consortium has 
recognized a series of Europe-wide challenges. In the next sections, these challenges are illustrated and 
a series of broad recommendations are provided both to European and national policy-makers. 

4.1 Challenges 

4.1.1 Recovery of DSO Investments and Costs 

DSOs are so-called natural monopolies, which is why they are regulated. They are responsible for 
investing in, operating and maintaining distribution networks. Several technical solutions identified in PV 
GRID require DSOs’ investments in new equipment to be recovered over time via their allowed revenues.  

The European legislation, and in particular article 37 of Directive 2009/72/EC concerning common rules 
for the internal market in electricity [3], sets the principles of transparency and sufficiency in relation to 
DSOs’ allowed revenues, but leaves national regulatory authorities (NRAs) free to implement different 
solutions and does not mention DSOs’ investments explicitly.  

Investment Recovery Schemes  

As a consequence, national regulations differ quite a lot, especially with regards to the treatment of DSOs’ 
investments. Generally speaking, there has been a EU-wide trend towards systems of incentive regulation 
in the past 20 years. Systems of incentive regulation are either focused on OPEX alone or on both OPEX 
and CAPEX or even on the sum of OPEX and CAPEX without discriminating between the two (TOTEX). They 
stem from the so-called “new regulatory economics”, a body of economic theory that criticised “cost-
plus-regulation” for not being able to incentivize companies that hold infrastructure monopolies to 
become more efficient.5 Systems of incentive regulation imply fixed revenues or fixed prices that are kept 
for a whole regulatory period of 3 to 5 years and might even be combined with an efficiency target.  

This poses two main challenges: on the one hand, DSOs may start recovering their new investments only 
after some years, i.e. within the next regulatory period. On the other hand, DSOs may limit their 
investments so as to yield as high profits as possible under the cap. Some Member States have recently 
addressed this problem explicitly either by yearly updating individual CAPEX within a regulatory period or 
by setting up so-called investment budgets, mechanisms or surcharges. In other countries policy makers 
have so far chosen not to tackle the investment issue explicitly or have addressed only certain types of 
investments at certain network levels.6  

A third challenge is linked to the fact that some of the technical solutions discussed by PV GRID to a certain 
extent change DSOs’ costs and DSOs’ cost structures: 

 These solutions are (in the best possible case) cheaper than conventional solutions in the medium 
to long term. However, they are also most probably more expensive than conventional solutions 
in the short term, as additional (technical) capabilities and qualified employees are needed; 

 Some identified technical solutions involving increased smartness go along with lower CAPEX and 
higher OPEX compared to conventional network reinforcements.  

Even reformed systems of incentive regulation sometimes do not reflect these evolutions in DSOs’ costs 
and cost structures. Notwithstanding some specific exemptions, they imply that DSOs only earns money 
on the invested equity (as everything else is costs payable). Hence, when implementing such lower CAPEX 
and higher OPEX smart solutions, DSOs may earn less compared to using conventional solutions.  

                                                           
5 cf. Laffont/Tirole: A theory of incentives in procurement and regulation; MIT Press 1992. 
6 cf. the latest amendment to German regulation which opens investment budgets for DSOs who invest in 110 kV 
systems. 
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Grid Connection Charges and Distribution Network Tariffs  

Grid connection charges and distribution network tariffs are important components of DSOs’ allowed 
revenues. Grid connection charges are those costs paid to DSOs by agents (either generators or 
consumers) requesting a connection to the grid; these costs are paid at the moment of connection, and 
the philosophy behind their calculation varies across Member States. 

The remaining part of connection costs that are not charged to the connectee are generally socialised 
among all electricity consumers through distribution network tariffs. These tariffs lead to payments by 
consumers for withdrawing power from the network as well as payments by generators for injecting 
electricity into the grid; albeit these so-called g-components exist in some member states only. Such 
tariffs cover many different costs related to inter alia investment in and operation of DSOs’ assets. While 
their actual type and level vary sensibly from one EU country to another, they most often constitute so-
called two part tariffs, i.e. a fixed or load dependent fee is combined with a fee per kWh.  

All DSO technical solutions identified by PV GRID imply implementation costs on the part of the DSO 
(CAPEX and/or OPEX). Such costs are partly recovered via the above-mentioned: 

1) grid connection charges paid by PV system owners requesting the connection; 
2) distribution network tariffs paid both: 

a. by PV system owners when injecting their electricity into the grid (only in a limited 
number of countries) and  

b. by consumers (including PV system owners in cases where generation and consumption 
share the connection point) buying their power supply from the network (socialisation of 
costs).  

Existing literature distinguishes three different connection charges regimes: shallow, deep and shallowish 
[5]. Normally, under a shallow connection charges regime, PV operators, as well as any other connectee, 
only pay for the cost of direct connection lines. On the contrary, under a deep connection charges regime, 
PV operators and other parties generally pay not only for the direct connection, facilities but also for any 
necessary upstream reinforcement (e.g. a transformer upgrade). Shallowish connection charges 
constitute an intermediate approach where PV owners and other parties only pay for part of the network 
reinforcements (e.g. only those reinforcements within the same voltage level). Of course, it must be borne 
in mind that the higher the connection charge, the lower the cost that will be socialised among electricity 
consumers but the lower the PV system profitability.  

Nonetheless, in most European countries the connection charges paid by PV system owners, as well as 
by consumers, do not exactly correspond to the direct or indirect cost incurred by the DSO due to the 
new connection. In these countries, connection charges can rather be described as lump sums, which are 
calculated in accordance with a price list of typical grid investment items. The more transparent and 
accessible this list is, the easier it is for a PV project developer, when preparing his business plan, to 
calculate the amount of money he will have to pay for the grid connection.     

Distribution grid tariffs paid by consumers are volumetric, i.e. based on energy consumed (kWh), in most 
European countries; tariffs can also be partly or entirely capacity-based, i.e. based on the contracted 
power (kW). In some countries, the amount paid for the kWh is higher during critical or peak times (time-
of-use billing). 

From the PV GRID consortium point of view, three main aspects can be highlighted in relation to grid 
connection charges and distribution network tariffs. 

Firstly, in certain countries PV system owners connected to distribution grids may pay a different grid 
connection charge type compared to other types of generators with equivalent connections. In fact, as 
opposed to large generators, PV systems can be installed in conjunction with consumption facilities 
already equipped with a connection to the grid. When this is the case, it may happen that the new PV 
system, which does not need a new connection but shares the consumption connection, does not trigger 
costs on the part of the DSO. Under these circumstances, it is understandable that PV systems, pay low 
or no grid connection charges. However, if the connection of new PV systems triggers additional costs on 
the part of the DSO (e.g. when the PV system is oversized compared to the consumption behind the 
connection point), the reasons why this type of generation pays a relatively smaller connection charge 
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compared to large generators are rather political: they stem from the political willingness to support the 
growth of distributed, renewable generation.  

Secondly, in most European countries PV system owners do not pay distribution grid tariffs for the 
electricity injected into the grid. On the contrary, other generators connected to distribution grids may 
pay injection tariffs. In this respect, PV system owners benefit from an advantage due to their limited 
size.  

Thirdly, in most European countries no distribution grid tariffs or other levies are applied to the electricity 
generated from PV and directly consumed before the connection point (self-consumption schemes). This 
is understandable as such electricity remains within the customer’s premise without touching the public 
grid. On the other hand, unless the electricity is self-consumed during peak hours, DSOs’ costs do not 
decrease. In fact, as explained in section 4.1.4, the latter are related to the maximum amount of power 
installed that distribution grids need to deal with. 

As a direct consequence, in those countries such as Italy and Germany, where PV self-consumption is 
allowed and volumetric distribution grid tariffs apply, the payment of the same amount of distribution 
grid costs is spread over less KWh: as a result, consumers (including PV system owners for the part of 
electricity still withdrawn from the grid) pay higher distribution grid tariffs. This fact may raise economic 
sustainability and PV acceptability challenges, especially when PV penetration levels become 
considerable. Such challenges in many European countries have led to discussions on a possible transition 
from volume-based to capacity-based distribution grid tariffs. Basically, customers would not pay 
distribution grid tariffs according to the consumed electricity anymore but according to the maximum 
amount of power they are able to consume. However, a change from volumetric to capacity-based tariffs 
may have a negative impact on the profitability of existing PV systems. Capacity-based grid tariffs - when 
they constitute a large part of the consumer bill - may also discourage energy saving behaviours and 
penalise consumers not using their full connection capacity, as the amount of money paid to finance the 
distribution grid is fixed. 

4.1.2 Moving towards “Smart Grids” 

Directive 2009/28/EC on the promotion of the use of energy from renewable sources [2], establishes in 
Art. 16 that Member States shall take the steps to develop intelligent networks. 

Some of the technical solutions evaluated in PV GRID require more advanced system services and online 
monitoring of grid operating conditions, including an intensive use of communication systems and 
technologies, commonly referred to as “smart grids”. In particular, advanced-close loop operation, 
advanced voltage control for HV/MV transformers, wide area voltage control, control based on 
supervisory control and data acquisition (SCADA), storage and demand response may require the 
integration of new communication systems into the distribution networks. 

Since the term “smart grid” is widely used with different meanings, the PV GRID project will stick to the 
definition provided by the Expert Group of the EU Commission Task Force for Smart Grids7:  

“A smart grid is an electricity network that can integrate in a cost efficient manner the behaviour and 
actions of all users connected to it - generators, consumers and those that do both - in order to ensure 
economically efficient, sustainable power system with low losses and high levels of quality and security of 
supply and safety.” 

Even though elements of smartness already exist in many European grids, the difference between today’s 
grid and a smart grid of the future is mainly the grid’s capability to handle more complexity than today in 
an efficient and effective way. A smart grid employs innovative products and services together with 
intelligent monitoring, control, and communication technologies.  

The main users of smart grid structures are: 

 Network operators: transmission and distribution system/network operators (TSOs and 
DSOs/DNOs). 

                                                           
7 http://ec.europa.eu/energy/gas_electricity/smartgrids/taskforce_en.htm  

http://ec.europa.eu/energy/gas_electricity/smartgrids/taskforce_en.htm
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 Grid users: generators, consumers (including mobile consumers), and storage owners. 

 Other actors: suppliers, metering operators, ESCOs, aggregators, applications and services 
providers, power exchange platform operators. 

  

Figure 4.1.1 - Diagram of core components needed for smart grid  

and additional functions. Source: BSW.  

 A smart grid infrastructure at a minimum contains the following components: 

 sensors (e.g. voltage, current, active/reactive power);  

 energy meters (that cover some / all sensor capabilities and can at least be read remotely); 

 actuators (e.g. tap changers, DSM); 

 a bi-directional communication infrastructure that connects sensors, energy meters and 
actuators to one or more “central” (DSO) control systems and that fulfils the necessities of all 
use-cases in terms of security, reliability, latency etc.; 

 one or more DSO control systems that enable a secure system operation under normal and 
emergency conditions by making use of the data provided and/or the possibilities to “steer” 
the network provided by the smart grid components; 

A smart grid infrastructure enables DSOs to satisfy the definition given above, i.e. they are enabled “to 
integrate in a cost efficient manner the behaviour and actions of all users connected to it in order to 
ensure economically efficient, sustainable power system with low losses and high levels of quality and 
security of supply and safety.” 

With rising percentages of RES generation, more ancillary services have to be delivered by the distribution 
grid. An intelligent control of its loads and generators will be the key measure to fulfil this new 
responsibility. 

Smart grids can bring about many advantages, such as a more sustainable, efficient and secure electricity 
supply to customers. However, these benefits are accompanied by significant costs related to the 
purchase, operation and maintenance of the required components. Careful consideration of both costs 
and benefits are required, e.g. certain degrees of smartness can be achieved even without a complete 
rollout of smart meters.  

Generally speaking, systems of incentive regulations implemented at national level do not adequately 
promote smart grid solutions. They mainly focus on promoting efficient investments, with the underlying 
assumption that this reduction in investment and/or operational expenditure will ultimately imply a 
reduction of prices for the costumers. They do so by decoupling DSOs’ revenues from their real 
investments. In this way, DSOs generally limit their investments and tend to implement only mature 
technologies. As some smart grid solutions typically rely on electronic components that have shorter 
useful lives and/or are not fully proven yet, they can be discarded by DSOs.  
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4.1.3 The Ecodesign Regulation for Transformers  

The Ecodesign Directive 2009/125/EC is a framework piece of legislation providing consistent EU-wide 
rules for improving the environmental performance of energy related products8. Working Plans issued by 
the European Commission contain lists of products to be considered in priority for the adoption of 
implementing Regulations. The current draft of the Ecodesign Regulation for Transformers aims at 
mandating the use of transformers with a very low level of energy losses, with the objective of reducing 
losses in the power grid. This objective is reasonable; however it can have collateral effects that could 
bring more drawbacks than advantages.  

On load tap changers (OLTC) for MV/LV transformers have been identified as a technical solution to 
support higher penetration levels of PV and other renewables. This type of transformers usually has 
significantly higher losses as a consequence of having an OLTC. The draft Regulation contemplates a 
maximum efficiency reduction of 10% for transformers equipped with an OLTC, which the authors of this 
paper believe to be insufficient. It would be technically possible to build an MV/LV OLTC transformer 
within the loss limits, but the cost would be prohibitive for the transformer itself and for its integration 
into the grid (due to the extra size and weight). 

4.1.4 Debate on Curtailment 

Current EU and National Legislation 

Three European Directives refer to desirable or mandatory priority/guaranteed access and priority 
dispatch of electricity produced from renewable energy sources (and of other types of electricity, e.g. 
combined heat and power and, under certain conditions, electricity produced using indigenous primary 
energy fuel sources): Directive 2009/28/EC on the promotion of the use of energy from renewable 
sources [2], Directive 2009/72/EC concerning common rules for the internal market in electricity [3] and 
Directive 2012/27/EU on energy efficiency [29]. Unfortunately, these pieces of legislation do not provide 
a clear definition of and distinction between the concepts of access and dispatch and present some 
discrepancies.  

Article 16 of Directive 2009/28/EC mentions the obligation for Member States to provide for either 
priority access or guaranteed access to the grid of renewable electricity. Recital 60 of the same Directive 
clarifies that: 

 “Priority access to the grid provides an assurance given to connected generators of electricity from 
renewable energy sources that they will be able to sell and transmit the[ir] electricity (…) in accordance 
with connection rules at all times, whenever the source becomes available. In the event that the electricity 
from renewable energy sources is integrated into the spot market, guaranteed access ensures that all 
electricity sold and supported obtains access to the grid, allowing the use of a maximum amount of 
electricity from renewable energy sources from installations connected to the grid.” 

No other piece of legislation regulates priority/guaranteed access of renewable electricity. Directive 
2012/27/EU, while providing priority/guaranteed access also to high-efficient cogeneration, reassures 
that priority access for energy from variable renewable energy sources is not endangered (article 15). 

Article 16 of Directive 2009/28/EC reinforces the RES priority/guaranteed access rule by also stating that: 

 “Member States shall ensure that transmission system operators and distribution system operators in 
their territory guarantee the transmission and distribution of electricity produced from renewable energy 
sources”.  

No other existing piece of legislation refers to or contradicts this provision. 

As regards priority dispatching for RES, no clear definition is provided by the relevant EU legislative texts 
and discrepancies exist among them. Article 16 of Directive 2009/28/EC asks Member States to require 
that transmission system operators, when dispatching electricity, give priority to electricity produced 
from renewable energy sources. It asks Member States to take measures to minimise curtailment and to 

                                                           
8 European Commission, DG Enterprise and Industry website 
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require transmission system operators to inform their respective national regulatory authority when they 
curtail RES electricity and to indicate corrective measures they will take in the future to “prevent 
inappropriate curtailment”. The Directive is silent about distribution system operators’ dispatching 
obligations. Directive 2009/72/EC, while confirming the obligation for TSOs to grant priority dispatching 
to renewable electricity (and putting forward the possibility to grant dispatch priority also to combined 
heat and power and installations using indigenous primary energy fuel sources), affirms in article 25 that: 

 “a Member State may require the distribution system operator, when dispatching generating 
installations, to give priority to generating installations using renewable energy sources or waste or 
producing combined heat and power”.  

This apparent discrepancy among EU pieces of legislation on priority dispatching at distribution grid level 
may be explained by the fact that in some EU Member States dispatching falls exclusively under the scope 
of TSOs’ prerogatives. Hence, an EU piece of legislation obliging DSOs to grant priority dispatching to a 
certain type of electricity technology may be interpreted as if at the same time DSOs were provided with 
the right to dispatch. However, the sharing of tasks between TSOs and DSOs is regulated at national level. 

Possible Conflicts between Technical Solutions and Current Legislation 

PV GRID has identified a set of technical solutions that could help increase the hosting capacity of 
distribution grids or limit network investments to accommodate PV systems. Some of these solutions 
involve interference with the natural production pattern of PV installations (especially curtailment, but 
direct voltage control is also concerned). The relationship among these technical solutions, their usability 
to support distribution grids and the general philosophy of the RES Directive and of national laws with 
regards to RES priority dispatch involve a certain element of conflict. In what follows, this conflict is 
described from the viewpoint of PV GRID. This description is then used to discuss the case for an increased 
use of curtailment, albeit under strict restrictions. 

Priority dispatch has an important positive influence on the business case of RES operators as they do not 
face the risk of not being able to inject their production into the grid because of network bottlenecks.  

Curtailment without some form of compensation for the lost revenues is a measure that entails 
considerable risks for the planning security of RES investors and hence a high potential of slowing down 
the growth of PV installations. Furthermore, curtailing RES electricity means abandoning the principle of 
harvesting as many kilowatt-hours of CO2 neutral power as possible.  

On the other hand, curtailment can make sense from a technical point of view as the real production of 
a PV system, similarly to the one of any other variable generator, only seldom reaches values that are 
close to its installed capacity: even a significant reduction of the generated power (kW) causes only a 
small loss of energy production (kWh). 9  

Curtailment could be organized in a fixed manner (i.e. the meter or the inverter would stop injecting 
electricity into the grid once a predefined cap, e.g. 70% of the peak power at the PCC, is reached) or in an 
active manner (the active power is reduced based on the voltage at the PCC). Alternatively, the active 
power at the PCC could be limited by the DSO only in critical situations, which would reduce energy 
curtailment to a minimum but would require additional communication devices. All these solutions 
enable an increase in the DER capacity that can be installed in distribution grids, hence an increase in the 
distribution grid hosting capacity, and a higher degree of utilization of the public grid. Why this is the case 
will become clear after a short description of the investment triggers in public distribution electricity grids. 

                                                           
9 This is due to the variable nature of the electricity produced by PV. The amount of electricity produced depends 
inter alia on the time of year (i.e. the angle of incidence of the sunlight), the cloudiness of the sky and the 
temperature of the PV modules which in turn is weather dependent itself. A PV system normally reaches its 
production peak on a mild, somewhat cloudy day, for instance in spring or early summer when times of cloudy and 
sunny skies change frequently. Under these weather conditions the production spikes frequently for some minutes, 
even reaching the maximum capacity. On a sunny and warm day instead a PV system shows a much steadier 
production with almost no spikes. Under these weather conditions PV does not reach its production maximum 
because the modules are too warm. A PV system only seldom produces close to capacity peak: the energy that is 
produced close to the capacity peak is only a fraction of the energy produced overall.  
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Peak Power as the Major Driver for Network Investments 

The main driver for network investments is the peak power at connection point and grid segment levels: 
the network is generally dimensioned in a way that enables the DSO to cope with all demand withdrawn 
from and production injected into the grid at any time throughout the year and at any point while still 
adhering to all (security and technical) parameters. It is important to notice that a peak in demand or 
production will only occur during a few hours of the year. For instance in northern Europe a demand peak 
might occur in a living area when it is very cold, as a lot of auxiliary heating systems running on electricity 
would be used. In southern Europe a demand peak might occur in the middle of the day in summer, when 
many air conditioning units would be on. A PV production peak might be registered on a mild spring or 
early summer day during which clouds and sun alternate frequently. PV production peaks can trigger 
investment needs in distribution grids if: 1) voltage parameters are violated at local level and if 2) PV 
production remaining after demand in the same grid segment has been met is higher than the demand 
peak the segment was planned for (leading to congestion issues). A large-scale PV expansion in a specific 
distribution network segment is therefore clearly a driver for investments.  

Against this background, the question arises on whether, and if so, how and under which conditions, 
curtailment – understood as PV peak shaving – could be used to increase distribution network hosting 
capacity and delay or even avoid PV-driven network investments.10 From the DSO’s point of view, PV 
curtailment would be beneficial in many circumstances, even if PV agents are reimbursed for the losses 
of income that result from the curtailment, i.e. the avoided expansion costs could be higher than the 
amount of money spent on reimbursements. 

PV GRID Discussion about Curtailment 

From the viewpoint of the PV GRID project the questions raised by DSOs and other parties has no clear-
cut and easy answer. Firstly, there is a clear relation between the presumed advantage of curtailment 
and the existence of spikes from PV: if PV spikes less due to its erection in easterly and westerly direction, 
curtailment is less advantageous. Secondly, if PV self-consumption regulations are put in place so that it 
is guaranteed that PV peak electricity is not injected into the grid but consumed at the customer’s 
premise, curtailment is not needed. Thirdly, as already mentioned, curtailment has the potential to 
jeopardize the PV investment climate. Fourthly, curtailment will only delay grid reinforcement if the 
number of PV systems continues to grow. Nevertheless, PV GRID considers an EU-wide, fair and informed 
discussion on the issue to be worthwhile and in markets with high PV penetration levels even necessary. 
PV GRID has formulated some recommendations on boundary conditions for the use of curtailment that 
could serve as guidance to dialogue among all partners and to EU and national lawmakers. These 
recommendations will be presented in section 4.2.4. 

4.1.5 The Impact of European Network Codes on PV Integration in Distribution 

Grids  

Introduction  

European Network Codes (NCs) aim to contribute to the implementation of Europe’s main energy policy 
pillars: competitiveness, security of supply and sustainability. EU Regulation 714/2009/EC on conditions 
for access to the network for cross-border exchanges in electricity [need for reference here] mandates 

                                                           
10 Imagine the following simple example: Five PV installations of equal size feed into a single network segment. As 
an assumption, a coincident production spike in these five installations should have the potential to equal the network 
capacity or would still be just inside of voltage restrictions. Now, under these circumstances a sixth PV connected to 
the network segment would lead to a necessity of network expansion as the existing grid could not  be sufficient any 
longer. Now, if all five existing PVs were curtailed at e.g. 70% of capacity this would yield the capacity for an 
additional 140% of such PV installations (i.e. one PV of the same size would easily fit into the network) without 
expansion. But as new PVs would also be curtailed at 70% of capacity it would be possible to fit even two new PVs 
into the segment without causing any necessity to invest. Now, as the major part of the energy produced by the PV 
systems, the energy that is lost due to curtailment will be overcompensated by the energy provided by the new 
installations which would not have fitted on the network segment without curtailment. 
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the European Network of Transmission System Operators (ENTSO-E) to draft European network codes in 
electricity. Under the mandate of the European Commission and according to the Framework Guidelines 
of the Agency for Cooperation of Energy Regulators (ACER), ENTSO-E is now in the process of drafting 
such NCs. Once adopted, NCs requirements will complement and/or replace national rules. NCs in 
electricity are divided into three main groups: grid connection, system operation and markets. NCs are 
meant to address cross-border issues and are therefore focused on transmission grids. Yet, they may 
accidentally have a strong impact on distribution grids. NCs represent an important opportunity for grid 
and market integration of distributed energy technologies, such as PV. However, their implementation 
will only be successful if economic signals sent by DSOs, TSOs and wholesale markets to distributed 
generators to influence their behaviour are properly coordinated.  

Requirements for Generators (NC RfG) 

NC RfG [6] s the first developed NC. Even if it addresses cross-border issues, the RfG is one of the NCs 
with the highest impact on PV integration in distribution grids. Indeed, it sets some requirements that PV 
plants, as well as other generators, have to meet in order to be connected. The NC divides generators 
into different categories according to their type of interface with the grid (synchronous, inverter based, 
etc.), connection levels and size (see Table 4.1.1). 

 

Table 4.1.1 - Thresholds for Type B, C and D Power Generating Modules 

As the generator size increases, TSOs have the faculty of requiring more support in a more discretional 
way at national level. In this document we will divide requirements set by the NC RfG into three groups: 
technical capabilities, operational notification and compliance, and communication. In summary: 

 Some technical capabilities set in the NC can have a general negative impact on PV deployment 
as they can lead to increased equipment costs and to lengthier connection procedures. 
Furthermore, the use of certain technical capabilities to support transmission grids can have 
negative side-effects on distribution grids; 

 Operational notification and compliance procedures set in the NC can have a general negative 
impact on PV deployment because their complexity and lengthiness represent a burden for PV 
generators; 

 Communication devices to be installed on PV generators can have a positive impact on PV 
integration in distribution grids, as they can be used not only for support to transmission 
networks as intended by NC but also for distribution network management if the DSO has 
access rights to the communication devices. However, the rollout of communication devices 
could lead to a significant cost increase for small-scale PV generators.  
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Technical Capabilities  

NC RfG establishes general requirements for Power Generating Modules and for Power Park Modules11. 
Generators will have to comply with additional requirements compared to today’s situation. This NC will 
give rise to additional costs, smaller or greater according to the rated power of the generator, 
notwithstanding the connection solution adopted. In case prescribed capabilities are not technically 
implementable in a short time period, the NC may give rise to delays in the erection of PV power plants. 

With regard to the rate of change of frequency withstand capability, NC RfG establishes that a Power 
Generating Module shall be capable of staying connected to the network and of operating at rates of 
change of frequency up to a value defined by the Relevant TSO. The enlargement of the frequency 
bandwidth within which generators must stay connected, required by ENTSO-E, increases the probability 
of uncontrolled islanding in distribution networks and of damages connected to it. The Frequency 
Sensitive Mode functionalities required by ENTSO-E for overall system stability may amplify the 
phenomenon as well. In case of islanding, a risk exists that generation operators experience damages to 
their equipment and are held responsible for accidents and damages to those of final customers. 

NC RfG establishes that the Power Generating Module shall be capable of activating the provision of 
Active Power Frequency Response at a frequency threshold between and including 50.2 Hz and 50.5 Hz 
with a droop in a range of 2 – 12 %. The actual frequency threshold and droop settings shall be determined 
by the relevant TSO. The Power Generating Module shall be capable of either continuing operation at 
Minimum Regulating Level when reaching the frequency threshold or of further decreasing Active Power 
output.  

With regard to Reactive Power capability, according to the NC RfG (in Art. 15.2 a)), the Relevant Network 
Operator shall have the right to define the capability of a Type B Power Park Module to provide Reactive 
Power [6]: 

 The relevant DSO shall have the right to define capabilities for a Power Park Module to provide 
Reactive Power (Q) (e.g. Q=Q(U)) in case it is agreed at national level that those capabilities are 
needed.  

 The relevant TSO shall have the right to define capabilities for a Power Park Module to provide 
fast reactive current injection in case it is agreed at national level that those capabilities are 
needed.  

The latter prescription does not have technical sense according to DSOs, particularly at MV level, but 
could theoretically be implemented for type B PV plants within a time frame of minimum 10 milliseconds. 
In this case, as an inverter is generally not able to provide more than 1,2 In or react so fast, fulfilling the 
requirement could imply over-sizing and could be difficult and costly.  

Operational notification and compliance   

NC RfG establishes provisions for Power Generating Modules, regarding the operational notification 
procedure. Operational notification procedures for connection will be more complex than the existing 
ones, in particular for type B generators (larger than 1 MW in Continental Europe).  

NC RfG establishes that the Power Generating Facility Owner shall ensure that a Power Generating 
Module is compliant with the requirements under this Network Code. This compliance shall be 
maintained throughout the lifetime of the facility. More complex compliance monitoring procedures for 
verification of fulfilment of requirements during generation plants' lifetime will be introduced, in 
particular for type B generators (larger than 1 MW in Continental Europe). For type A generators, type 
testing (using third party product certificates) is allowed but without defining the procedure itself.  
Without the development of a proper national or, preferably, European standardised approach, this will 
create an additional burden for type A owners and for the relevant DSO.  

                                                           
11 Cf. Art. 8, 9, 10, 11, 15, 16 and 17 
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Communication 

The NC RfG establishes that the Power Generating Modules shall be equipped with a logic interface (input 
port) in order to cease Active Power output within less than 5 seconds following an instruction from the 
Relevant Network Operator. The Relevant Network Operator shall have the right to define the 
requirements for further equipment to make this facility operable remotely. This requirement can be a 
driver for the use of interactive solutions identified by PV GRID, as the logic interface can be used not only 
for support to transmission networks as intended by NC but also for distribution network management. 
However, the rollout of communication devices could lead to a significant cost increase for small-scale PV 
generators. 

Other Network Codes 

Other NCs currently under development can facilitate active PV participation in the electricity system. For 
example, the draft Load Frequency Control and Reserves (LFC & R) [7] and the Electricity Balancing (EB) 
NCs potentially allow PV to offer balancing services. The provision of balancing services by PV generators 
will have an impact on distribution grids. Hence, proper coordination is required among signals sent to 
generators by DSOs, TSOs and markets. 

According to the draft Network Code for Load Frequency Control & Reserve, additional requirements in 
capabilities and/or operational behaviours may be required to new generation or existing generation in 
case the generation plant owner is interested to access the Frequency Containment Reserves (FCR), the 
Frequency Restoration Reserves (FRR) or Replacement Reserves (RR) market. However, access to this 
market is not mandatory (and even forbidden for intermittent generation in some countries) and can 
eventually represent an opportunity for RES generation. 

PV participation in the electricity system will require more information from generators. This is why the 
draft Network Code on Operational Security (OS NC) [8] mentions that generators of type B, C or D may 
be asked to provide to their DSO real-time information about the status of the switching devices and the 
circuit breakers at the Connection Point and active and reactive power flows, current, and voltage at the 
Connection Point. This on one hand will require further investments for installation of specific equipment, 
on the other hand may ease the delivery of interactive solutions for increasing hosting capacity. 

4.1.6 The Key Role of Technical Standards 

Introduction 

Distributed generators have an important impact on system operation (both at distribution and 
transmission levels and even, due to their important share, on overall EU system stability). Therefore, 
they must behave in well-defined ways in certain circumstances. This behaviour has to be described using 
a set of functional requirements (i.e. what DER have to do), which are further detailed in technical 
requirements (i.e. how DER have to behave). 

The majority of national grid codes, as they are presently drafted, do not define requirements for and 
characteristics of generators in a sufficiently detailed way so as to be used as the basis for the 
development of specific standards. For instance, grid codes cannot be used as a basis for testing of 
equipment as they do not define in details the requirements and the testing procedures.  

Having in mind that the DER market is global and that the hundreds of thousands future decentralised 
generators will use mass-produced equipment or components (like PV inverters), the availability of well- 
designed standards is a “must have”. 

Standardization is the most effective way to deal with the technical details especially at the LV and MV 
levels because of necessary adaptation to local particularities and rapid evolution of the needs and 
opportunities to use new functionalities. 

Furthermore, some of the functionalities are required at the system level and are therefore common to 
an interconnected network. A network code describing the minimum functionalities a power plant must 
have to be connected (NC RfG) is under development. However, the lack of standards is a major barrier 
to the implementation of this network code at the national level. In particular, the need for testing 
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methods for product development and manufacture and connection procedures should be properly 
addressed. 

The use of European standards will be crucial in providing guidance for a progressive alignment of the 
national legal frameworks avoiding product variance and facilitating further deployment of DER by a 
better use/understanding of DER capabilities. Standards have to be improved or developed ex nihilo, 
providing specification to manufacturers and system operators for the connection (including protections 
functions), the communication with and the operation of DER.  

Electrical standards are developed by official bodies at the international level – International Electro-
technical Commission (IEC) – and at the European level – CENELEC (CLC). National standardization 
committees (such as the CEI in Italy) are directly involved in the IEC or the CLC and develop national 
standards that can sometimes be based on the international/European ones. IEC and CLC are composed 
of Technical Committees (TCs) dealing with a particular subject. For instance CENELEC TC8X is developing 
several standards for the system aspects of electrical energy supply. TCs are composed of several Working 
Groups (WG), which focus on specific aspects. For instance CLC TC8X WG 3 is developing standards for 
the requirements for connection of generators to distribution networks, which are discussed in the 
following section. 

Standards and Technical Specifications for the Connection and Operation of Distributed Generators 

When functional requirements are translated into exact figures, a set of technical requirements is 
specified. Generating units have to respect these requirements when working in parallel with a 
distribution grid. Although they are not in a final state yet, these technical requirements are already quite 
developed considering the evolution of the standard for micro generators (EN50438) and the technical 
specifications for LV and MV connected generators (TS50549-1 and -2) developed by CENELEC TC8X/WG3.  

EN50438 [9] specifies technical requirements for connection and operation of micro-generators and their 
protection devices, irrespective of their primary source of energy. Micro-generation refers to equipment 
rated up to and including 16 A per phase (single or multi). This European standard is intended for 
installations mainly in the domestic market. This standard, which is under revision, should be adopted as 
soon as possible and the synergy between this standard and NC RfG should be improved as 
standardization is absolutely required in case of small mass products generators connected at the LV 
level. 

There is no existing standard for generators connected to the low voltage (> 16 A) and medium voltage 
level but technical specifications exist. 

pr TS 50549-1 [10] and pr TS 50549-2 [11] are applicable to all three-phase individual generating units or 
cluster of generating units with a common point of connection connected to the LV (and rated at more 
than 16A per phase) or MV level respectively. These technical specifications define the requirements for 
the generators intended to operate under normal network operating conditions. Island operation of the 
generating unit and the safety of personnel are out of the scope of these documents.  

These documents recognize the existence and must comply with national standards and network codes. 
The requirements specified in these technical specifications can consequently only be applied in the 
absence of a national framework (standards and codes) for the connection of the LV and MV generators. 
The two technical specifications should eventually be approved in 2013. 

Further work should be conducted to develop, on the basis of these technical specifications, two 
European standards. The evolution of these technical specifications into EU standards should be speeded 
up as it will trigger harmonization and will facilitate further DG deployment.  

Tests and Compliance Procedures with Standards and Grid Codes on Grid Connection  

Clear test methods and evaluation criteria for the functional requirements defined in a grid code or a 
standard are missing in most cases. For distributed generation, a two-step approach is needed and should 
be developed: 

 As a first step, the relevant technical requirements to be tested should be identified and a general 
approach about the testing method should be defined.  
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 As a second step, the approach should be translated into the specific domain of the generating 
unit defined by its technology and primary source.  

In the case of small generators, certifying the compliance of the components (e.g. inverter certificates) 
rather than ensuring the compliance of the unit during the connection process is essential for the good 
functioning of the distribution system. It is the best (and only) assurance that the generating unit will 
behave in line with the functional requirements because generally DSOs do not test directly the unit and 
the circumstances for which a specific behaviour is requested might be rare. 

An efficient test procedure should demonstrate DER capabilities while not being too burdensome for 
manufacturers. Test procedures for grid compliance and certification of products are missing and should 
be developed by the relevant technical committees of CENELEC as soon as the existing and futures EU 
standards / network codes for connection are finalised. 

Standards for the Communication and Device Automation 

Previous standardization needs were related to the capabilities of DER (among them PV systems), which 
are necessary for a proper implementation of prosumer solutions. For this type of solution, the device (a 
battery or a PV system) behaves in an autonomous way.  

Interactive solutions rely on the concept of advanced distribution automation involving communication 
between the prosumer and the DSO. 

Advanced distribution automation will facilitate and improve the management and operation of 
distribution networks hosting a high share of DER evolving from a passive/semi-automated status to a 
fully automated one. 

A series of standards (IEC 61850) [12] specifying the design of electrical substation and external devices 
automation exists. Although IEC 61850 was originally developed to address communications and 
applications within the substation, some work has been recently initiated in order to extend the 
applicability of the standard to distribution grids automation. For instance IEC 61850-7-420 [13] deals 
with the peculiarities of communication systems for distributed energy resources. This work could be 
further extended to DER, possibly enabling the concept of Virtual Power Plant.  

Further improvement and development of this series of standards will allow for "better/real-time 
communication" between all components and devices of the grid (including DER).  

Support should be provided to WG17 working on communication systems for DER and to other technical 
committees involved in equipment standardization (TC38, TC95, etc.…) related to the development of 
interfaces for smart grids. These developments should take into account inherent capabilities and the size 
of distributed generators to avoid too complex protocols.  

In order to facilitate communication between prosumers and system operators/market participants, data 
exchange via web services and existing infrastructures could possibly be an effective way. But a particular 
attention should be paid to cyber security (not only for web based services). TC 57 should be supported 
in the development and improvement of standards describing the communication networks and 
associated information exchange for power systems. 

A modern network control architecture is the final step for the achievement of the integration of 
prosumers and energy management systems (EMS) in the current system allowing market 
participants/system operators to develop new services. IEC 61968 [15], 61970 [16] and 62325 [17] series 
define standards for data models in electrical networks and IEC 62786 [18] specifies the Smart Grid User 
Interface.  DER integration will be facilitated by a harmonised prosumer interface with the grid and data 
exchange models.  

Even if they are not necessary to achieve large scale PV integration into the distribution grids, these 
standards, if properly developed taking into account DER particularities and capabilities, will ensure the 
widest possible harmonization across Europe and enable effective market based participation of DER to 
system operation. 

In order to enhance VPP capabilities, support should be provided to WG 17 working on communications 
systems for DER and others TCs involved in equipment standardization (TC38, TC95, etc.…) related to the 
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development of interface for smart grids. These developments should take into account inherent 
capabilities of small generators in views of avoiding to complex protocols. 

Protective Equipment and Electromagnetic Compatibility of DER 

Protective functions and equipment for DER connection to the grid are essentials for a safe deployment 
of DER. Following the increasing integration of DER and the use of new capabilities, further work has to 
be conducted to identify new protection functions, particularly when it comes to unintentional islanding 
detection. Islanding risks are going to increase as grid codes are requiring more and more stabilizing 
behaviour by distributed generation in case of system disturbances. These new capabilities may create 
undesired effects – for instance may sustain isolated portion of the network in an uncontrolled way – 

exposing generation operators and final customers to electrical hazards. 

CENELEC/TC95 [19] works on measuring relays and protection equipment. A new standard: e.g. 
“protective functions and equipment for DER connection to the grid” should be developed based on 
research conducted to identify new protection issues.  

For a number of smart appliances like DER, EVs and smart meters, ElectroMagnetic Compliance (EMC) 
will be a major issue. The smart grid concept must be designed with careful consideration for 
electromagnetic emissions and immunity for various electromagnetic phenomena. It is therefore critical 
that EMC is addressed effectively to achieve Smart Grid potential and providing benefits when deployed. 

The structure of the IEC 61000 [20] series reflects the subjects dealt with by basic EMC publications. They 
include terminology, descriptions of electromagnetic phenomena, measurement and testing techniques, 
and guidelines on installation and mitigation.  

Within current standards the requirements for emission and immunity are set for single equipment on a 
clean grid. In the future the possible interaction of different devices connected to the same grid should 
also be covered. Revised standards are needed to ensure that power quality requirements will be met in 
an automated and de-centralised environment. Support should be provided to the EMC committees and 
products committees defining EMC requirements in their products standards in their effort of reviewing 
existing standards. 

4.2 Recommendations  

4.2.1 Recovery of DSO Investments and Costs 

Investment Recovery Schemes 

 In the context of an evolving electricity system accommodating more and more distributed 
generation, DSOs’ investment costs and cost structures are changing. National regulators 
should therefore adapt and where necessary transform DSOs’ investment recovery schemes. 
Guidance on European level could be helpful to foster the transformation of national systems 
into a more smart grid-oriented regulation that respects national peculiarities. 

Grid Connection Charges and Network Tariffs  

 Grid connection charges for PV systems are set differently in terms of type and level across 
Europe as the result of different political choices. National policy makers should take into 
account the fact that the level of PV grid connection charges and the level of grid connection 
costs spread over all consumers’ bills (socialisation) are indirectly proportional and that high 
grid connection charges have a detrimental impact on PV profitability. They should also 
consider whether PV systems, when installed behind an already existing connection point, may 
not trigger additional costs on the part of the DSO; 

 Connection charges are usually lump sums. They do not correspond to the exact connection 
costs incurred by the DSO; they are calculated on the basis of a price list of typical grid 
investments. National policy makers should make sure that such price lists are transparent and 
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easily accessible to PV developers, so that the latter can factor in their business plan an 
accurate estimate of their connection charge. 

4.2.2 Moving towards “Smart Grids” 

 A “smart grid” can bring about many advantages, such as a more sustainable, efficient and 
secure electricity supply to customers. However, these benefits are accompanied by significant 
costs related to the purchase, operation and maintenance of the required components. Careful 
consideration of both costs and benefits will be required; 

 National regulators should discuss with all relevant stakeholders the adaptation of national 
regulatory frameworks in order to concretely promote smart grid investments; 

 A stable and transparent regulatory framework (avoiding frequent changes), and an ex-
ante approach should also be established in order to favour such evolution; 

 If the conclusion of careful analysis suggests the implementation of smart grids to support 
integration of renewables and where necessary, explicit (pecuniary) incentives should also be 
established: 

 Incentives can apply to innovative projects in smart grids, approved by the national 
regulators; 

 In case that these incentives are to be generalised it would be required to clearly define 
a smart grid in terms of what the services are it has to provide, its architecture and 
components. 

4.2.3 The Ecodesign Regulation for Transformers 

 A balance should be struck between energy efficiency and integration of distributed energy 
resources in distribution grids. 

4.2.4 Debate on Curtailment 

 A fair debate on the use of curtailment of PV electricity would require the determination of 1) 
a national cost-benefit analysis methodology, 2) boundary conditions and 3) adequate 
compensation rules to the PV agent. It should be noticed that the economics of curtailment on 
the part of the PV agent are also influenced by: 1) the options and the relative savings / 
investment costs of PV self-consumption and of PV storage 2) and by whether national 
regulation foresees that the PV agent is in any other way engaged in the financing of the grid;  

 DSO driven curtailment should only be allowed when congestion or voltage problems arise in 
the local network and all other available measures have been evaluated and utilised if possible; 

 Curtailment should be kept as low as possible (≤ 5% of the annual production);  

 As a general and overriding rule, the annuitized savings in avoided investments from 
curtailment should be larger than the compensation paid to the PV agent. Otherwise the 
network should be expanded; 

 As it was already mentioned, curtailment can put RES market growth at risk, bringing 
investment insecurity. Therefore, it should only apply to new installations.  

4.2.5 The Impact of European Network Codes on PV Integration in Distribution 

Grids  

All relevant Network Codes 

 EU network codes, especially the Requirements for Generators, the Electricity Balancing, the 
Load Frequency Control & Reserves and the Operational Security ones, are designed in order 
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to address cross-border issues; yet, they may have a strong impact on distributed generation, 
such as PV, and on distribution system operators. Such impact should be taken into account 
both at the design and implementation phase of network codes;  

 These NCs can have a positive influence on PV grid and market integration; however, they can 
imply high compliance costs for PV generators, thus slowing down the potential growth of the 
PV technology; 

 As many prescriptions contained in EU NCs are non-exhaustive, details should be agreed upon 
at national level within an EU-wide process involving DSOs and PV (RES) associations; 

 It should be understood that PV systems are made up of mass-produced components; 
therefore, the implementation of these network codes will only be cost-efficient if relevant 
standards exist and are fully used.  

Network Code on Requirements for Generators 

 Technical capabilities defined in the NC RfG should be further defined in standards developed 
within the TC8X WG03. Such standards should applied by all Member States when 
implementing the NC RfG; 

 Some RfG NC requirements affect the Active Power output of PV systems to support 
transmission grids, while some technical solutions identified within PV GRID involve a variation 
of the PV Active Power output to support distribution networks; discrepancies should be 
avoided; 

 Some NC RfG requirements may lead to negative side effects in distribution grids, such as 
islanding. As possible anti-islanding defence actions may differ according to the operational 
criteria and protection schemes of MV and LV network, a scrutiny of present prescription set 
by each national regulatory authority at national level might be appropriate; 

 Operational notification procedures for type B should be based on standardised 
documentation in a similar way than type A, as far as it is possible, so as to ease the 
implementation of NC RfG; 

 PV compliance with the NC RfG should rely on testing and compliance methods defined in 
future standards; 

 Communication with PV systems to support Operational Security should be linked with 
communication with PV systems to support distribution grids.  

4.2.6 The Key Role of Technical Standards  

For mass-marketed equipment like inverters or other DER components, standardisation is the most 
effective solution to address the challenges related to grid integration of distributed generation while 
minimizing costs by avoiding products variance. Attention should be paid to the lack of appropriate 
standards and support should be provided to the relevant CENELEC technical committees, particularly in 
the working areas listed below. 

Grid Connection of DER  

Further work should be conducted as soon as possible to develop proper standards for the connection of 
generators to LV and MV levels: 

 Standard EN 50438, which is under revision, should be adopted as soon as possible and the 
synergy between this standard and the NC RfG should be improved as standardization is 
absolutely required in case of small mass-produced generators rated up to and including 16 A 
per phase;   

 Further work should be conducted to develop, on the basis of two almost finalised technical 
specifications (TS 50549-1 and -2), two European standards for small generators rated above 
16 A per phase. This will trigger harmonization and will facilitate further DER deployment.  
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DER Compliance with Connection Grid Codes and Standards 

 As soon as the above-mentioned standards for the connection of generators are finalised, 
CENELEC TC82/TC8X should be requested to develop testing and compliance methods. 
Adequate testing and compliance methods are a prerequisite for the proper implementation 
of the ENTSO-E NC RfG for small-scale generators. Certifying the compliance of the components 
makes more sense than ensuring the compliance of the unit during the connection process.  

Communication and Grid Devices Automation 

 Current standards are inadequate for the communication and data exchange with prosumers 
and distributed generation. Relevant standards should be revised and extended to integrate 
lighter communication protocols. As the number of access points to the communication 
infrastructure will increase in the future, a particular attention should be paid to cyber security. 

Protection Functions and Electromagnetic Compliance 

 With the increasing integration of electronic devices and new grid integration functions, the 
relevant standards dealing with protection and electromagnetic compliance series should be 
urgently reviewed taking into account new developments into the grid.  
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5 IMPLEMENTATION OF TECHNICAL SOLUTIONS AT 

NATIONAL LEVEL: CHALLENGES AND RECOMENDATIONS 

While discussing the implementation of the identified technical solutions, the PV GRID consortium has 
recognised a series of general (affecting all solutions identified) and/or specific (affecting mainly one or a 
few of the solutions identified) challenges in the four focus countries (Germany, Spain, Italy and Czech 
Republic). 

In the next sections, these challenges are illustrated together with concrete examples in PV GRID focus 
countries. In the final section, a series of general, national recommendations are provided. 

5.1 General Challenges 

5.1.1 Recovery of DSO Investments and Costs 

Investment Recovery Schemes 

As mentioned in section 4.1.1, the technical solutions proposed by PV GRID determine an impact on DSO 
costs and cost structures. Therefore, the question to be address is whether DSO remuneration schemes 
should be adapted so as to ensure that DSOs are encouraged to implement these technical solutions 
when these can be considered efficient. If the answer to that question was affirmative, the responsibility 
for the due changes will fall on the NRAs of each country.  

Generally speaking, there has been a EU-wide trend towards systems of incentive regulation in the past 
20 years. Systems of incentive regulation are either focused on OPEX alone or on both OPEX and CAPEX 
or even on the sum of OPEX and CAPEX without discriminating between the two (TOTEX). They stem from 
the so-called “new regulatory economics”, a body of economic theory that criticised “cost-plus-
regulation” for not being able to incentivize companies that hold infrastructure monopolies to become 
more efficient.12 Systems of incentive regulation imply fixed revenues or fixed prices that are kept for a 
whole regulatory period of 3 to 5 years and might even be combined with an efficiency target.  

This poses two main challenges: on the one hand, DSOs may start recovering their new investments only 
after some years, i.e. within the next regulatory period. On the other hand, DSOs may limit their 
investments so as to yield as high profits as possible under the cap. Some Member States have recently 
addressed this problem explicitly either by yearly updating individual CAPEX within a regulatory period or 
by setting up so-called investment budgets, mechanisms or surcharges. In other countries policy makers 
have so far chosen not to tackle the investment issue explicitly or have addressed only certain types of 
investments at certain network levels.13  

A third challenge is linked to the fact that some of the technical solutions discussed by PV GRID to a certain 
extent change DSOs’ costs and DSOs’ cost structures: 

 These solutions are (in the best possible case) cheaper than conventional solutions in the medium 
to long term. However, they are also most probably more expensive than conventional solutions 
in the short term, as additional (technical) capabilities and qualified employees are needed; 

 Some identified technical solutions involving increased smartness go along with lower CAPEX and 
higher OPEX compared to conventional network reinforcements.  

Even reformed systems of incentive regulation sometimes do not reflect these evolutions in DSOs’ costs 
and cost structures. Notwithstanding some specific exemptions, they imply that DSOs only earns money 
on the invested equity (as everything else is costs payable). Hence, when implementing such lower CAPEX 
and higher OPEX smart solutions, DSOs may earn less compared to using conventional solutions.  

                                                           
12 cf. Laffont/Tirole: A theory of incentives in procurement and regulation; MIT Press 1992. 
13 cf. the latest amendment to German regulation which opens investment budgets for DSOs who invest in 110 kV 
systems. 
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Grid Connection Charges and Distribution Network Tariffs  

As discussed in section 4.1.1, the connection to the grid of PV installations can entail a certain amount of 
network costs, both at the point of connection and, in some cases, in the upstream network. In order to 
compensate DSOs for these costs, at least partially, PV operators generally have to pay an initial one-off 
connection charge – deep, shallow or shallowish.  

The connection charging approach has great relevance both for PV producers and for DSOs. Compared to 
the other types of charges, deep connection charges provide stronger incentives to PV developers to 
design new systems (size and location) taking into account the local grid configuration. However, shallow 
or shallowish charges facilitate the grid connection of new generators, especially small units for which 
deep charges could be a major economic burden. Deep charging can involve a discriminatory treatment 
of generators: the generator triggering the network reinforcement could have to bear all the costs while 
the next generators coming on-line would not pay any.  

Shallow charging has been advocated for in previous EU projects such as DG-GRID, SOLID-DER or 
IMPROGRES, at least for small-sized units. In fact, shallow or shallowish connection charges are the most 
common approach among EU countries, with the exceptions of Spain, Austria and Slovakia. Furthermore, 
some countries generally apply deep charges, but have defined a “shallower” approach for small 
generators: in the Netherlands, shallow charges apply only to generators smaller than 10 MW, whereas 
in Spain shallowish charges apply to generators below 100 kW (only reinforcements within the voltage 
level at which the generator connects have to be paid for). Connection charges are calculated by DSOs 
themselves in many countries.   

In case of shallow or shallowish charges, NRAs ought to make sure that the remaining connection costs 
are recovered by DSOs via distribution network tariffs paid by consumers (including PV system owners 
for the electricity still withdrawn from the grid) and/or distribution network tariffs paid by generators 
when injecting their electricity into the grid.  

Distribution tariffs for consumers are calculated by the corresponding NRAs at least in Czech Republic, 
France, Italy, Portugal or Spain. However, DSOs are in charge of this task in many other countries including 
the Netherlands, Poland, Estonia, Germany, Finland, Sweden, and the United Kingdom [23]. Therefore, in 
many countries, it would be up to DSOs to design the distribution tariff for generators.  

5.2 Specific Challenges  

5.2.1 Rules Forbidding RES Energy Curtailment except For Security Issues 

Priority access and dispatching rules embedded in the RES Directive foresee the possibility to curtail 
renewable energy only for system security and security of supply reasons. Hence, the RES Directive does 
not allow DSOs to curtail PV electricity for distribution grid planning and/or managing purposes.   

Despite this, PV GRID found that there are circumstances under which DSOs should be allowed to curtail 
the energy output of PV installations in exchange for remuneration. Such circumstances involve the 
implementation of the following technical solutions: 

 Curtailment of power feed-in at PCC; 

 Active power control by PV inverter P(U); 

 SCADA + PV inverter control (Q and P); 

 Wide area voltage control 

These technical solutions involve a control of the PV system, at any voltage level. For these solutions to 
be applied, an evolution of the regulatory framework is necessary. The relationship among these technical 
solutions, their usability to support distribution grids and the general philosophy of the RES Directive and 
of national laws with regards to RES priority dispatching involve a certain element of conflict. 

Curtailment can make sense from a technical point of view as the real production of a PV system only 
seldom reaches values that are close to its installed capacity. The peak power (of consumption and 
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production) is the main driver for network investments. As peaks in consumption or production will only 
occur during a few hours of the year, curtailment of these peaks may imply significant savings. 

However, without some form of compensation for the loss of revenues, curtailment is a measure that 
entails considerable risks for the planning security of RES investors and hence has high potential to slow 
down the growth of PV installations. From the DSO’s point of view, PV curtailment would be beneficial in 
many circumstances, even if PV agents are reimbursed for the losses of income that result from the 
curtailment. 

In Spain, the curtailment of power generated from non-controllable RES installations is possible only for 
installations with an installed total power higher than 10 MW, and is used by the TSO only in situations 
that would otherwise imply a risk for the quality and continuity of supply. This is only applicable when 
there are no other solutions available either in real time or with some anticipation.  

In Italy, generation from renewable energy sources follows the rules of priority dispatching. Curtailment 
is only available for transmission system security reasons. It is potentially applicable only for scenarios 
with low demand and very high production. It cannot be used in case of local voltage or load constraints, 
which are the usual cases in distribution network. The legislative and regulatory framework does not 
allow DSOs to use curtailment or limit the injected active power or generators, even for a limited 
percentage of yearly hours. 

In the Czech Republic, curtailment is only accepted to guarantee the safety or stability of the grid. Power 
plants can be requested to adapt their production in steps of 100%, 60%, 30% and 0%. In these cases a 
compensation for the curtailed energy is provided to the operator.  

In Germany, curtailment can only be used for system security reasons by TSOs. DSOs may also use 
curtailment in case of local congestion, i.e. if the necessary network enhancement is lagging behind the 
PV rollout, and the responsible DSO must compensate for the curtailment. However, in line with the 
directives, DSOs are still expected to reinforce their network to dissolve the bottleneck that caused the 
curtailment.14 Therefore, curtailment is only accepted as a temporary solution. 

5.2.2 Insufficient Self-consumption Framework 

A private citizen or a company may install a PV system and use the electricity produced by the system 
directly to offset on-site load (meaning consumption needs) in real time while only injecting the excess 
production to the grid. At the same time, when PV-generated electricity is insufficient to cover on-site 
load, electricity can still be drawn from the grid.  

However, in several European countries15 it is currently not allowed to instantaneously self-consume the 
electricity produced by a PV system operated in the same premises by a consumer. Therefore the entire 
electricity produced has to be injected into the grid, while keeping the full consumption contract. In other 
countries, proper incentives or obligations for self-consumption are not set, therefore not exploiting the 
potential of this solution. 

On top of reducing a prosumer’s electricity bill, self-consumption can bring benefits to the whole system, 
since it may reduce the peak power that needs to be distributed or transmitted through the grid. These 
benefits are at their best if the overall peak power demand is reduced locally or (to a lesser extent) 
globally, since distribution and transmission networks have to be sized for the peak scenario.. In order to 
ensure that there is a reduction in peak power it may be convenient that the size of PV does not exceed 
local demand. For this reason, in some countries such as Cyprus or Portugal, self-consumption is 
constrained, by setting limits to the size of the PV system. 

Technical solutions affected by this barrier include: 

                                                           
14 cf. the relevant part of the preamble of EEG 2012. 
15 Assessment based on PV GRID survey results, completed by national PV associations. Survey results are 
available in Section 6 of the European advisory paper. Also refer to EPIA‘s Position Paper on Self-consumption of 
PV Electricity: http://www.epia.org/uploads/tx_epiapositionpapers/Self_and_direct_consumption_-
_Final_version_of_the_Position_Paper_02.pdf  
 

http://www.epia.org/uploads/tx_epiapositionpapers/Self_and_direct_consumption_-_Final_version_of_the_Position_Paper_02.pdf
http://www.epia.org/uploads/tx_epiapositionpapers/Self_and_direct_consumption_-_Final_version_of_the_Position_Paper_02.pdf
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 Curtailment of power feed-in at PCC; 

 Self-consumption by tariff incentives.  

Net-metering Support Schemes 

Net-metering support schemes are quite diffused means of incentivising PV and DG across the world, 

sometimes in combination with feed-in tariffs or quota systems. With net-metering we mean a regulatory 

framework under which the excess produced electricity injected by a prosumer can be used to later offset 

his consumption during those times when the production of his PV (or DG) system is absent or insufficient. 

Net-metering consists, in practice, of the use of the grid as a backup system, allowing a recovery of the 

investment in a PV or DG system, by valorising also the electricity that is injected into the grid. While in some 

cases the offsetting is done in energy terms (i.e. 1 kWh injected gives a right for 1 kWh to be later retrieved) 

in other cases the offsetting can be done in economical terms and associated with a cost for the prosumers. 

In these cases, the electricity injected into the grid and later retrieved will have a lower value than the retail 

price of electricity, based on the different market values of electricity and the fact that using the grid as a 

“storage“ device implies participating in its costs.  

An example of a net-metering scheme based on such a partial economic compensation is the Italian 

“Scambio sul posto” managed by GSE, a government-owned company set up for the purpose of managing 

all RES incentives. With scambio sul posto a prosumer normally pays consumption electricity bills to its 

supply company for all the electricity withdrawn from the grid (except the one instantaneously self-

consumed from its PV system production), while GSE receives the excess injected electricity, sells it on the 

market, and periodically pays back a contribution to the prosumer based on injections and withdrawals of 

electricity in a given calendar year and on their respective market values1. As a consequence such a scheme 

still provides an incentive for self-consuming as much as possible of the prosumers’ instantaneous PV 

(reducing PV peak power flows), while it also represents an incentive to install PV systems. 

In any case, it has to be considered that the implementation of net-metering requires addressing a series of 

practical issues at national level, especially with regards to electricity billing, trading and balancing. As 

explained above, in Italy these issues are managed by GSE as the third party responsible for both paying the 

economic compensation to the prosumers and dealing on the market with the electricity injected into the 

grid by prosumers. These issues have been so far addressed differently in other European countries. For 

instance, in Belgium the net-metering scheme available for owners of small PV systems (PV capacity smaller 

than 10 kVA) more simply consists in “reversing the meter”, i.e. the injection of PV electricity into the grid 

directly offsets the energy withdrawal of the prosumer. At the end of each yearly billing period, only the 

difference between withdrawal and injection is due to the electricity supplier, on top of fixed charges. If the 

difference is negative (withdrawal smaller that injection), the prosumer will not receive any credit, tough. 

As a consequence of the net-metering scheme, Belgian electricity suppliers currently face an increasing 

economic loss caused both by the reduced demand of PV prosumers and by the difficulties of correctly 

forecasting the load/injection profiles of small PV prosumers in the residential and commercial segments. In 

fact, the standard consumer Synthetic Load Profiles (SLP) currently used for forecasting the profiles of PV 

prosumers’ feed-in lead to an error in the day ahead market bidding positions of suppliers, that results in 

deviation in their balance groups, i.e. lead to a “demand” for balance energy and finally to penalties to be 

paid to the TSO. These issues could be solved by the developing of better forecasting tools for PV prosumers, 

but it is also likely that they could result in electricity suppliers offering PV prosumers more expensive supply 

contracts in the future, as the delivery of electricity to a prosumer may have a different risk profile than the 

delivery to a “normal” consumer. 

This overall increasing economic loss for Belgian electricity suppliers has indeed originated a discussion that 

it is likely to lead to the reflection of these costs in a new grid tariff structure that will be enacted starting 

from 2015, introducing a transition from volumetric- to capacity-based tariffs. These new tariffs will apply 

to all consumers and prosumers.  
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Self-consumption, in some cases in conjunction with net-metering support schemes, is already a mature 
concept proven in certain European countries such as Italy, Belgium, Denmark, Netherlands, and 
Germany. However, in other European countries the situation is not so positive. In Spain, while 
possibilities for instantaneous self-consumption are limited to PV systems below 100 kW, a legal 
framework that regulates self-consumption with net-metering is still missing, and the current debate is 
centred on the introduction of a distribution grid tariff that would also apply to self-consumed electricity 
produced by the PV system. In the Czech Republic there is a similar situation, with a standby tariff to be 
paid even on the portion of electricity consumed from own production and not withdrawn from the grid. 

5.2.3 Insufficient DSO Access to Advanced PV Inverter Capabilities 

Modern inverters are able to provide many functionalities to support network stability. Although some 
of these solutions are already available from a technical point of view, in many countries (such as Austria, 
Bulgaria, Denmark, Ireland, Spain) DSOs cannot exploit such functionalities, as they do not have access to 
PV inverters. In other countries in which DSO access is allowed, other barriers may be the lack of 
experience and of clear rules, as well as the absence of standards. 

All technical solutions implying any kind of DSO control on PV inverters are affected, namely: 

 Reactive power control by PV inverter Q(U) Q(P); 

 Active power control by PV inverter P(U); 

 Curtailment of power feed in at PCC; 

 SCADA + PV inverter control (Q and P); 

 Wide area voltage control. 

In Spain, telemetry of the DG installations is provided to the TSO for installations greater than 1 MW, but 
DSOs do not receive such metering and have no other control on these installations. Installations greater 
than 10 MW may receive instructions by the TSO for the temporal modification of the power factor range, 
according to necessities of the system, receiving an economical compensation for compliance.  

The lack of control of photovoltaic installations by the DSO is also experienced in Italy. Italian technical 
standards specifically prescribe that the national regulating authority must define how these advanced 
PV capabilities can be exploited. 

In the Czech Republic, DSOs may require remote control functionalities for all inverters installed since 
2012. Therefore, DSOs may have some form of access to PV inverters in all new installations, but have no 
control over installations below 30 kWp installed until the end of 2011, which, in quantity, still constitute 
the majority of installations in the country.  

In Germany, defined options for the power factor control of DG inverters (cos ϕ regulation) exist and are 
used by an increasing number of DSOs in order to cope with voltage problems. Additionally, DSOs who 
are responsible to upgrade inverters connected to their grid regarding the 50.2 Hertz problem have set 
up the necessary processes and the changeover of existing inverters has already been started. 
Nevertheless, some other issues are still under discussion. 

In addition, PV GRID recognises that in the future other ancillary services may be provided by DG 
operators. However, further details still need to be defined in order to provide a sufficient regulatory 
framework for such services.  

5.2.4 Insufficient Framework for Prosumer Storage Solutions 

Preamble 57 in Directive 2009/28/EC on the promotion of the use of energy from renewable sources 
states that there is a need to “support the integration of energy from renewable sources into the 
transmission and distribution grid and the use of energy storage systems for integrated intermittent 
production of energy from renewable sources” [2]. In particular, article 16 establishes that “member states 
shall take the steps to develop, among others, storage facilities”. 
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PV electricity production has fluctuations associated to weather phenomena, such as cloud coverage and 
its changes, air temperature and others. These fluctuations result in a situation where the power output 
of these installations is not predictable and subjected to spikes. From the market’s point of view storage 
integrated with PV generators increases the ability of the PV to “produce” a predictable profile even in 
rapidly changing weather conditions. From the network’s point of view, storage may be a means to 
control the maximum load that any PV will actually deliver to the network i.e. production spikes above a 
certain power threshold are not delivered to the network but kept in the storage. The implementation of 
these solutions would allow increasing PV penetration in some areas, deferring investment in other 
equipment. Other technical solutions such as demand response, curtailment of power feed-in at PCC and 
wide area voltage control could also use some kind of storage to facilitate the objective of integrating 
more PV. 

Generally, prosumer storage solutions are allowed in most European countries. A negative example is 
that of Spain where prosumer storage is explicitly forbidden. However, even in those cases where 
prosumer storage is allowed, it is not very spread, both because of economical profitability issues and 
lack of clarity on the connection and operation requirements in conjunction with existing DG16. In Italy, 
due to growing prosumer interest in storage solutions, the national regulator has been recently asked to 
clarify the conditions for their installation and operation. 

In Germany, an incentive program for storage that could be a reference for other countries has recently 
been launched. KfW Bankengruppe’s renewable energy storage program  (program 275) offers low-
interest loans and repayment subsidies for PV installations that incorporate a fixed battery storage 
system. In order to ensure that there is a benefit to the system, the storage has to achieve a permanent 
limitation to 60% of the maximal power output of the PV system. 

5.2.5 Insufficient Framework for DSO Storage Solutions 

In principle, storage solutions can be used by DSOs to address the variability of DG. However, the concept 
of unbundling implies that DSOs are not allowed to own, operate or use storage. This is currently under 
discussion in several countries. The reason is that DSO use of storage solutions would have (positive or 
negative) implications in the electrical market due to the difference in prices between the instant of 
charging and the instant of discharging. The indirect access to storage capacities via a service provider is 
possible, but economically and technically questionable.  

In order to play a major role in the operation of the distribution grid, storage technologies would need to 
be directly connected to the LV or MV grid. In certain LV systems with a heavy PV penetration, DSO 
controlled storage could help to avoid upgrading transformers or even to control current on certain lines. 
Also, as studies show, the question of whether storage is beneficial for the network depends to quite a 
large extent on whether DSOs can exercise some control over it [24]. 

Currently in Germany, Spain and the Czech Republic, DSOs are not allowed to own storage as it is 
considered to be in conflict with the unbundling of the generation activity.  

In Italy, while it is similarly considered that the process of charging and discharging of a storage system 
has implications on the electricity market, there are a few interesting developments. In fact, a set of 
transmission level storage demonstration projects have already been approved by the Italian National 
Regulatory Agency and launched by the TSO. At distribution level however, even if similar demonstration 
projects are already running, no specific regulation is yet in place, despite the fact that a 2012 Decree of 
the Ministry of Economic Development has introduced the possibility for DSOs to install and manage 
storage facilities in primary substations in order to support RES production. 

                                                           
16 Assessment based on PV GRID survey results, completed by national PV associations. Survey results are 
available in section 6 the European advisory paper.  
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5.2.6 Insufficient Framework for Demand Response 

Basic demand response services are available in several countries (e.g. United Kingdom, Italy, Spain, 
Germany17) in the form of tariffs with time-block discrimination. However, this type of demand response 
is only useful to reduce system peaks, and not for local violations of the technical constraints. Additionally, 
from the point of view of integrating PV installations, it is usually more useful to have the ability to 
increase demand rather than to reduce it. This requires more advanced and dynamic services of demand 
response including the necessary processes and market rules, especially in unbundled electricity markets. 
A detailed regulation on demand response is still not present in several countries, given the complexity 
of the topic and the strong connection with the future “Smart Grid” implementation.  

In order to provide these services, DSOs would have to exchange information about energy-related 
economics with final customers and their supply companies. However, distribution network-related 
services and their economical treatment have not yet been defined for passive customers. Besides, these 
services should only be applied to customers voluntarily accepting to adjust their demand. In this case, 
the economic compensation they would receive also has to be determined. For low voltage customers 
the concept would also be possible through the concept of aggregators. 

In several European countries (such as Austria, Belgium, United Kingdom and Germany), existing national 
regulations allow DSOs to contract load curtailment services with the customers. In other cases (such as 
in Spain), load curtailment is usually only allowed for system security reasons and not depending on local 
network conditions. Therefore, even if so-called “interruptible” customers exist, their services are only 
available to TSOs. These issues affect several technical solutions, namely: 

 Demand response by local price signals 

 Demand response by market price signals 

 SCADA + direct load control 

 Wide area voltage control 

In Germany, special network fees and technical measures are used to shift the demand of approx. 3 
million domestic heating appliances into the night hours using fixed switching times provided by the DSO. 
Also, simple time-of-use tariffs exist. Besides, DSOs are obliged to offer a reduction of the network fee to 
LV network users that guarantee the controllability of their loads. However, this provision still has to be 
clarified and is not yet ready for a massive application.  

The Italian National Regulating Authority (NRA) has defined since the 2000s the right for TSO to require 
load curtailment to passive customers with an installed power larger than 1 MW. The price of this service 
for the customers is fixed by a unique bid auction in which all interested customers are involved. No such 
provisions are presently operating at DSO level. Besides, the Italian NRA has defined in 2011, in a 
recommendation document for the Parliament [25], Demand Response as a possible intervention to 
facilitate RES integration in the electric system. In this country, different pilot projects led by DSOs are 
aimed at making additional metering information available to electricity traders and their customers in 
order to allow market players to build out advanced price signal services. 

Direct load control has been in place in Spain for about 20 years. The Spanish TSO can request industrial 
customers to curtail the load with the condition of informing them in advance. This way these industries 
may receive a discount according to the number of requests received to reduce demand. These 
mechanisms are intended to compensate imbalances between supply and demand. Besides, there have 
been price-led programmes for some time, with time of use tariffs providing economic signals for demand 
response. The TSO can determine the hours corresponding to the most expensive period. The time of use 
rates divide the 8760 h in a year into several periods, having a different rate for each component of the 
tariff in each period. 

                                                           
17 Assessment based on PV GRID survey results, completed by national PV associations. Survey results are 
available in section 6 of the European advisory paper. 
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In the United Kingdom, industrial and large commercial sectors are able to agree interruptible contracts 
with suppliers. The System Operator can contract with such large users directly as part of their network 
balancing activities. Besides, about 4.5 Million customers make use of multi-rate energy tariffs. This 
involves programmes for obtaining discounted electricity rates at night. [26] 

5.2.7 Incoherent Metering Framework 

Smart meters are electronic devices that can measure the consumption of energy, adding more 
information than a conventional meter, and can transmit data using a form of electronic communication 
[27]. The European Commission in four Directives and in a recommendation paper mentions these 
devices:  

 Directive 2006/32/EC on energy end-use efficiency and energy services explicitly mentions the 
need of smart meters in article 13 [28]; 

 Directive 2009/72/EC concerning common rules for the internal market in electricity 
establishes that by 2020 at least 80 % of consumers shall be equipped with intelligent metering 
systems [3]. However, it also establishes that member states might run a cost benefit analysis 
(CBA) evaluating all potential costs and benefits associated to smart meters (including effects 
on DG) in order to take a decision on the scale of their national roll-out; 

 Directive 2012/27/EU on energy efficiency explicitly mention smart meters in articles 9 
(metering) and 10 (billing information) [29]; 

 Additional recommendations on smart meters are summarised in 2012/148/UE, regarding data 
protection, security considerations, and the methodology for the economic assessment of the 
long-term costs and benefits for the roll-out of smart metering systems [30]. 

The importance of smart meters is therefore explicitly recognised at European level, with an ambitious 
2020 80% target. While this target is even increased in some countries (e.g. Spain set an objective of 100% 
smart meters by 2018), in other countries the mentioned CBA process may result in a smaller-scale 
deployment. While legally all member states that decided to run a CBA are obliged to be finished by now, 
some results are still unknown. Besides, most smart meters roll-outs in Europe so far have been focused 
on consumption meters only (such as in France, Greece, Hungary, Ireland and others), and therefore it is 
by no means clear that all PV systems to be installed in the coming years will automatically be equipped 
with a smart production meter. Smart meters could also be interesting for other DG technologies, so they 
should be installed on existing or new DG where the economics turn out to be positive. 

As discussed, an incoherent or insufficient deployment of smart meters may negatively influence the 
deployment of the following technical solutions identified in our work systems solutions to improve PV 
integration may be affected by the deployment of smart meters such as: 

 SCADA + PV inverter control (Q and P); 

 SCADA + direct load control; 

 Demand response by local price signals; 

 Demand response by market price signals. 

Hence, the deployment of smart meters is connected with the ability of the distribution network to host 
more DG. However, it must be recognised that, while smart meters are convenient for some solutions, 
they are not sufficient. They need to be complemented with other equipment that for example allows 
remote controlling, and with new business models that turn the available data into business 
opportunities. Furthermore, DSOs can operate “smarter” without a large-scale roll-out of intelligent 
metering systems. That said, it appears clear that any consideration about mandatory introduction of 
intelligent metering systems is out of the scope of this project and should be assessed carefully within a 
more general system framework. It may be the case that installing the required intelligent infrastructure 
is only viable with large-scale PV installations.  
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5.2.8 Regulatory Frameworks discouraging “Smart Grid” Development 

As previously discussed, Directive 2009/28/EC establishes that Member States shall take the steps to 
“develop intelligent networks”, i.e. network structures that are commonly referred to as “smart grids”. 

These networks are vital for a transition to a low-carbon economy, being also required to integrate DER 
such as electric vehicles and DG. Smart grids are an evolution of current networks with more advanced 
system services, online monitoring of grid operating conditions, including an intensive use of 
communication systems and technologies. Therefore they require new investments in communication 
technologies to serve as the basic infrastructure for developing smart grid applications.  

The aim to develop smart grids at a European level is often in conflict with national regulations, which 
establish the specific conditions under which DSO recover their investments. Basically, the national 
frameworks tend to implement regimes that include elements of incentive regulation, which has the main 
objective of promoting only efficient investments, with the aim that this reduction in investment and/or 
operational expenditure will ultimately imply a reduction of prices for the consumer. The most common 
methods for this incentive regulation are price cap and revenue cap, depending on whether a restriction 
on prices or on revenues is set. As opposed to standard cost-of-service regulations, with incentive 
regulations there tends to be a decoupling between the real investments of the companies and their 
revenues.  

These types of regulations are adequate for promoting efficiency. However, as incentive regulations 
decouple the revenues from the real investments, they are a disincentive to investment; in addition they 
are mostly inefficient in steering investments into certain technologies. In fact, smart grid solutions 
typically rely on electronic components that have shorter useful lives and/or are not fully proven yet. 
Consequently, DSOs could discard their implementation due to the technological uncertainties. Under 
these conditions, national regulators should consider setting specific incentives to adopt and test 
innovative solutions. As described in [31], some countries have already set this kind of incentives such as 
Italy or the United Kingdom.  

In many circumstances, when the incentive regulation is based on a regulatory period of four or five years, 
the period may not be sufficient to perceive the benefits of these installations, and for this reason they 
can also be discouraged. According to a EURELECTRIC report on regulation for smart grids [32], other 
major problems are sub-optimal rates of return and regulatory instability, delayed roll-out or partial 
application of smart meters, and a narrow view of the regulators for evaluating cost efficiency, penalising 
research on innovation projects. 

On a different topic, the enactment of smart grid solutions may also require the improvement of voltage 
measurement and monitoring practices on MV and especially on LV networks, of which DSOs often have 
a much lower amount of information. Even if metering devices are nowadays often in place in these 
portions of the network, these devices are most likely not equipped with digital communication 
capabilities. As a consequence, voltage values are usually not known, unless faults or disservices are first 
revealed and consequently the interested part of the grid is inspected.  

In the past, it was deemed suitable not to collect extensive measurement data in lower network levels 
due to the fixed load flow, but in recent times due to the growth of DG this practice has become less 
appropriate. The lack of automated network measurements may cause that the DSO obligation of 
maintaining the maximum specified voltage limits cannot be properly verified. For instance, with smart 
meters in place it would be possible to periodically measure the voltage values in these portions of the 
network. These measurements could contribute to let the DSOs take corrective measures in case that the 
planning of the network does not guarantee an adequate level of voltage values under certain operating 
conditions. Also, without knowledge about a specific local situation a DSO would not be able to apply, for 
example, SCADA functionalities or direct access to loads and inverters. 

Technical solutions affected by the barriers discussed above include: 

 SCADA + PV inverter control (Q and P) 

 Advanced voltage control for HV/MV transformer 

 SCADA + direct load control 
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 Wide area voltage control 

 Advanced Closed-Loop Operation 

 Demand response by local price signals 

 Demand response by market price signals 

In most countries, the support of the smart grid concept depends only on the DSO. In Italy, although there 
is an explicit incentive for smart grids since 2007, in practice this incentive is not applied because the NRA 
has not yet stated which kind of installations can be considered as smart grids, and therefore it has only 
applied to specific innovation projects individually selected by the NRA.  

In order to address deficiencies of the regulatory frameworks, specific incentives can be set for 
investments in smart grids in countries. This is the case for example of the low carbon networks fund 
(LCNF) in United Kingdom. With £500 million over five years, this program encourages distribution 
companies to carry out ground-breaking projects to develop smart grids, and assisting in the creation of 
a low carbon economy. This program aims to efficiently connect DG, meet the needs of small-scale and 
intermittent generation, increase the use of electric vehicles, use smart meters to improve the network 
performance and incentive customers to manage their demand. An independent panel of experts is in 
charge of evaluating all bids against common criteria.  

5.3 Recommendations at National Level 

5.3.1 Recovery of DSO Investments and Costs  

DSO Investment Recovery Schemes 

 The following regulatory principles should be followed [33]: 

 (1) sustainability, guaranteeing the timely recovery of costs efficiently incurred so that 
the electrical power sector is economically viable; 

 (2) economic efficiency, maintaining the service at lowest cost possible while meeting 
prescribed quality standards – both with a longer term perspective;  

 (3) transparency, they should be based on a well-defined and clearly explained 
methodology; 

 (4) stability in the methodology to reduce the risks of regulatory uncertainty; 

 (5) simplicity, as far as possible.  

 In order to diminish DSOs’ risks, the delay between the moment in which an investment in 
equipment is made and the moment in which the cost incurred for the investment is recovered 
via allowed revenues should be shortened;  

 Regulatory frameworks should be adapted so as to equalize the incentives between CAPEX and 
OPEX.  

Grid Connection Charges and Distribution Grid Tariffs 

 The methodology used to calculate connection charges and distribution grid tariffs should be 
as transparent as possible: this is also important for PV investors’ security; 

 There are pros and cons in all types of grid connection charges. National policy makers should 
strike a balance between PV owners’ responsibility vis-à-vis the financing of distribution grids 
and PV profitability. The smaller the PV system size, the more difficult high charges become. 

5.3.2 Rules Forbidding RES Energy Curtailment except for Security Issues  

 The European level recommendations given in chapter 4.2.4 should also be considered at 
national level, taking into account the characteristics of each national context. 
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5.3.3 Insufficient Self-consumption Framework 

 For those countries that do not have it in place, legislation allowing for self-consumption of PV 
generated electricity should rapidly be approved; 

 A favourable regulatory framework should be created, stimulating PV electricity self-
consumption to contribute to network operation (reducing peaks);  

 Reasonable self-consumption obligations may be introduced for newly-connected DG, in order 
to ensure transparent and non-discriminatory planning criteria. 

5.3.4 Insufficient DSO Access to Advanced PV Inverter Capabilities 

 Boundary conditions for DSOs’ access to advanced PV inverter capabilities should be defined 
by the competent NRAs;  

 The trade-off between requested capabilities (grid codes) and capabilities that are offered on 
a voluntary basis needs to be recognised and analysed further by stakeholders; 

 Mechanisms to avoid conflict of interests with the TSOs and energy providers shall be put in 
place. 

5.3.5 Insufficient Framework for Prosumer Storage Solutions 

 Prosumer storage solutions should be allowed by national regulatory frameworks; 

 The connection and operation requirements currently under discussion, should ensure that 
prosumer storage does not pose a security problem to the system or interfere with the 
metering of DG production; 

 Explicit mechanisms should be established for supporting prosumer storage solutions, when 
these are applied to reduce the peaks of PV installations. 

5.3.6 Insufficient Framework for DSO Storage Solutions 

 Within each national regulatory framework, given the network operation benefits that can be 
made available by DSO storage, there should be a reflection on how to activate this potential;  

 Roles, rights and limitations of DSOs (and TSOs) in the use of storage must be clearly defined 
by the national regulating authorities; 

 Local security-related capabilities should be made available to DSOs. 

5.3.7 Insufficient Framework for Demand Response 

 Technical features and market models for Demand Response should be assessed taking into 
account that they are related to wider objectives than the mere integration of DG. While they 
may have important side effects on DG hosting capacity, the main focus of Demand Response 
must be on the benefits on the customers’ side;  

 Market model-neutral enabling factors, such as the communication between DSO and final 
customers, can and should be defined as soon as possible; 

 For instance, the “traffic light concept” as it is currently discussed throughout Europe is 
a good starting point; 

 DSOs should be allowed to manage load reduction and activation services in order to fully 
utilise any demand-side management potential; 

 A compensation scheme for users participating voluntarily in demand response and load 
reduction services should be discussed and put in place. 
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5.3.8 Incoherent Metering Framework 

 A cost-benefit analysis on the deployment of smart meters, as demanded by European 
Directive 2009/72/EC, should be rapidly performed at national level; 

 In countries where the roll-out of smart meters has so far been focused on consumption 
meters, it should be analysed whether DG installations should also be equipped with these 
devices; 

 For smart meters deployed on DG, it should be ensured that their potential is used for 
implementing telemetry and other applications increasing the hosting capacity of the 
distribution network. 

 Mandatory introduction of intelligent metering systems should be assessed carefully. It may 
be the case that installing the required intelligent infrastructure is only viable with large-scale 
PV installations. 

5.3.9 Regulatory Frameworks discouraging “Smart Grid” Development 

 A smart grid can bring about many advantages, such as a more sustainable, efficient and secure 
electricity supply to customers. However, each of these benefits is accompanied by significant 
costs related to the purchase, operation and maintenance of the required components. Careful 
consideration of both costs and benefits will be required; 

 National regulators should discuss with all relevant stakeholders the adaptation of national 
regulatory frameworks in order to concretely promote “smart grid” investments; 

 A stable and transparent regulatory framework (avoiding frequent changes), and an ex-
ante approach should also be established in order to favour such evolution; 

 If the conclusion of careful analysis suggests the implementation of smart grids to support 
integration of renewables and where necessary, explicit (pecuniary) incentives should also be 
established:  

 Incentives can apply to innovative projects in smart grids, approved by the national 
regulators; 

 In case that these incentives are to be generalised it would be required to clearly define 
a smart grid in terms of what are the services it has to provide, its architecture and 
components.  
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6 APPLICATION AT NATIONAL LEVEL 

In this section we provide an initial framework that can be used to apply the barrier analysis and 
recommendations presented in the previous sections to a given national context. However, as foreseen 
by the PV GRID work programme, further clarifications at national level need to be conducted, through a 
stakeholder consultation process organised by means of national workshops taking place at the beginning 
of 2014, in order to fully ascertain the occurrence and severity of the barriers and to fine-tune 
recommendations. 

6.1 Introduction 

The main goal of the project PV GRID is helping to reduce barriers to large-scale integration of PV systems 
in electricity distribution infrastructures across Europe. Concerning this goal the present European 
advisory paper has analysed the current situation and the regulatory and normative barriers that might 
stem from current legislation and other regulatory and normative framework conditions. 

While PV LEGAL, as a predecessor to this work, was focused on barriers resulting from legal-administrative 
processes, the work of PV GRID focuses on the relation between certain legislative, regulatory and 
normative frameworks and the identified technical solutions available to increase distribution grid 
hosting capacity. Even though the project’s main focus is PV, the PV GRID consortium believes that the 
reduction of identified barriers and the implementation of the identified technical solutions could be 
beneficial also to other RES, such as wind or biomass.  

It is the purpose of this chapter to foster the knowledge transfer between European Member States, 
especially with regards to how they can apply what was described in chapters 4 and 5 of this paper on 
the national level. Even though the focus is on applying PV GRID results on the national level, this chapter 
will not focus on any particular member states. Rather, it will give general ideas and advice on how to 
structure the analysis and then find a course of action, if the national strategy does indeed call for a 
(strong) increase in the penetration of PV or of other RES in the distribution networks. 

PV GRID is built upon two underlying assumptions, which are important for the discussion of this chapter 
and thus, will be explained below. Furthermore, different PV support schemes and the market design 
options they include are introduced as a background for the following discussion. On this basis, the 
chapter focuses on some general, though important relations between certain support schemes and the 
applicability of the technical solutions identified by PV GRID towards certain types of installations. Based 
on these discussions, a roadmap for “Increasing PV Penetration” is introduced. It is one of the most 
important results of this advisory paper. The roadmap aims at providing guidance and advice to member 
states that either anticipate a significant increase in PV penetration or are planning for such an increase. 
Together with the technical solutions identified by PV GRID with regards to MV and LV networks the 
roadmap can be used to identify gaps in the national regulatory and normative frameworks. To this end, 
it will support member states in their PV and overall RES strategy as it gives an indication whether the 
technical solutions to increase the hosting capacity of existing grids should be exploited.  

6.2 The PV GRID Roadmap 

General Assumptions 

One of the main purposes of the PV GRID project is to identify and help to reduce barriers to large-scale 
integration of PV into current European distribution networks. Following this mission, the entire project 
is based on two general assumptions. These assumptions are neither discussed nor analysed any further 
here, as such an analysis and discussion (especially in relation to other possible paths of action) would be 
out of the scope of the project. Those two basic assumptions are: 

1. A (large-scale) increase in the penetration of PV is a given political goal (cf. the applicable 

European Directives and national legislations). 
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2. PV is granted priority access to the grids and priority dispatching (again in compliance with 

current EU legislation). 

Design options of a RES support scheme 

The second assumption stated above, i.e. granting priority access and dispatching to PV installations and 
other RES, has been a major driver for increasing levels of RES in Europe in the past ten years. However, 
priority access is not the only element in a national PV support scheme that influences the PV business 
case. On the contrary, it can be assumed that the investment behaviour of private agents towards PV is 
heavily influenced by a large number of (interdependent) political decisions. Figure 6.2.1 provides a non-
exhaustive set of examples of important policy dimensions that also need to be considered when planning 
for an increase in the installed PV capacity and that inter alia might also influence the usefulness and 
applicability of the technical solutions identified by PV GRID. 

Qualification of local installer

Examples of important dimensions and options for designing a PV roll-out

Priority Access

PV connection conditions

Support Scheme

Business model of PVs

Expected average size of installation

Overall electricity system 

configuration

Settlement of RRG

ICT Availability and performance

Approval procedures for 

installations

Increasing PV

penetration is a 

multi-dimensional 

challenge

1

2

3

4

5

6

7

8

9

10

 Tender

 Quota

 Self-consumption

 Feed-in-tariff

 Peak power 

shaving, name 

plate capacity

 Deep, shallowish, 

shallow, no charge

 Always

 PPA

 Feed-in tariff

 “reverse the meter”

 Only large 

scale at UHV

 also smaller at 

HV, MV or LV

 Limited  Back-up capacity 

available
 additional need for 

back-up

 Standardised 

feed-in profile

 Continuous 

measurement
 Reference 

measurement

 more decentral 

solutions 
 Necessity to 

centrally monitor all 

installations

 standardized for 

distinctive types 
 Individual

 Independent 

installers
 DSO employees

 Contractors

 

Figure 6.2.1: Important dimensions for large-scale PV development. Source: RWE Consulting  

As Figure 6.2.1 shows, most policy dimensions are multi-optional. For instance, there is more than one 
way of organising an access regime for PV – even though the EU has taken a decision on this issue by 
opting for priority access. While the access regime is a very important factor, other issues are also 
important and may influence the usefulness of priority access directly, i.e. the different dimensions shown 
in Figure 6.2.1 are not independent from one another.  

For example, connection charges will have a direct impact on the PV owner’s business case and may thus 
support the right to access even further or effectively qualify it. But even if a PV system’s connection 
charge were rather high, it might still be balanced by the support scheme itself.18 For instance a feed-in-
tariff could be designed in a way that is able to cope with higher connection charges without jeopardizing 
the PV business case.  

Also some of the design options might not effectively work with one another. As an example, an individual 
approval procedure for every single installation would have some direct and significant consequences in 
terms of the amount of qualified staff that would be required to perform such approval procedures. If 
those personnel were not readily available, approval procedures would most probably become a major 
bottleneck for PV deployment, as shown by PV LEGAL. Furthermore, as some technical solutions for 
increased PV penetration require enhanced information and communication technologies (ICT) that are 
centrally monitored, the first question is whether those technologies have been deployed and second, 
whether enough qualified staff to operate those ICT technologies are available.  

                                                           
18 PV is not the only possible connectee in the market. Hence, the connection rules that exist for other parties / 
installations / power stations might to a certain extent determine the rules used for PV.  
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It is important to realise that multiple design options exist. Furthermore, they influence each other, and 
their interaction has the potential to determine the overall performance of the support scheme.19 Hence, 
analysing and understanding existing support schemes, thereby determining which incentives they 
provide, is therefore almost an aim in itself. In addition, as it will be argued in the following section, some 
design arrangements of support schemes will make the case for using the technical solutions identified 
by PV GRID and thus replace or delay traditional grid expansion even stronger. Therefore, knowing and 
understanding the current or future support scheme may be helpful in analysing which technical solutions 
might be needed when and where. 

Important dimensions of support schemes and their relation to PV Grid’s technical solutions  

With regards to the technical solutions identified by the PV GRID project and the barriers these might be 
facing, some interrelations between certain dimensions of a support scheme are more important than 
others. First and foremost, it should be recognised that there is a general correlation between the type 
of support scheme established and the type, technology and size (load) of PV and/or RES installations 
that will be generated. Some important correlations are shown in Table 6.2.1. 

 

Type of 
investor 

Regime 

Large Investor  

(mostly institutional 
investors) 

Small Investor  

(mostly private 
investors) 

Electricity Supply 
Company 

Tender Industrial ground-
mounted PV systems20 

-- -- 

Quota Industrial ground-
mounted PV systems / 

Commercial PV systems 

-- Industrial ground-
mounted PV systems / 

Commercial PV systems 

Feed-in 
Tariff21 

Industrial ground-
mounted PV systems / 

Commercial PV systems 

Commercial PV systems 
/ Residential PV 

systems 

-- 

Net Metering -- Commercial PV systems 
/ Residential PV 

systems 

-- 

Table 6.2.1 - Correlation between RES support schemes and RES development. Source: PV GRID22 

The relation is described by the term “correlation” to indicate that it is not a “consequential” relationship. 
To wit, policymakers are not able to exactly “steer” the type and size of installations that will finally be 
realized (inter alia because technological developments might increase the advantage of certain 
technologies that were originally not planned for). However, due to the different investment risks that 
are inherent to certain RES support schemes, these correlations exist and hence, certain support schemes 
will support peculiar types of installations “better” or “more” than others.  

The important point is that a certain support scheme will not only attract certain types of investors, but 
it will also largely determine the (average) size of PV installations that is to be expected. Using a simple 

                                                           
19 In very general terms the European Parliament recognized these and other dependencies in its resolution of 14 
March 2013 on the Energy roadmap 2050, a future with energy [2012/2103(INI)]. The Parliament mainly stressed 
that support schemes in general and especially the changes to them can strongly influence investor confidence. 
20 cf. the PV GRID database for an exact definition of industrial ground mounted systems, commercial system and 
residential systems per country. 
21 With a Feed-in-tariff a lot depends on the actual design of the tariff. Real world examples (cf. Germany) most often 
include a differentiation of the subsidy between different sizes of installations, i.e. smaller PV systems receive higher 
subsidies per kWh than larger ones. Thus, smaller PV systems become more attractive. 
22 This PV GRID appraisal is based on general observations by consortium members. Furthermore, the EU-project 
beyond 2020 argues in its October 2012 review report on interactions between RES-support instruments and 
electricity markets that “…the type of support scheme can influence the ownership structure. Depending on the risk 
involved in investments in renewables, smaller or bigger actors will become active…” (page 65). 
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example that is also presented in the table, one might argue that running a tender scheme implies (higher) 
transaction costs, which in turn implies larger tranches and larger (more capital intensive) types of 
investors. Altogether, it is therefore more likely that a tender regime will lead to rather large PV systems 
defined as “industrial ground-mounted systems” within the PV GRID context. In the same way net-
metering regimes tend to create a certain advantage in self-consuming PV produced electricity and 
probably imply somewhat smaller systems, i.e. systems whose size is “related” to amount of energy used 
on-site. As a final example, electricity supply companies would probably be most interested in direct and 
indirect PV investments if a quota system with technology targets was in place, forcing them to have 
certain amounts of green electricity in their portfolios. 

Due to the technical characteristics of electricity networks in general, another issue arises from the 
aforementioned correlations: the type and size (i.e. maximum capacity) of any RES installation will to a 
large extent determine the network level it will be connected to. The network level of connection 
determines the applicability and relative advantage of the technical solutions that were identified by PV 
GRID. As a direct consequence of these assumptions, it should also be possible to analyse in advance of 
any roll-out whether network structures exist that are either especially suitable for hosting an increased 
number of PV installations without any further action, or whether certain grids that are less suitable due 
to their technical set-up can be identified already at the outset. 

In general terms the following relations should hold true23:  

 Industrial ground-mounted PV systems are typically installed in high voltage (HV) and, to a 
lesser extent, in medium voltage (MV) networks. In these cases, most typically a new 
connection is needed and built.  

 Commercial PV systems in most cases are installed in MV networks. In this case, either a new 
connection is built or an existing one is enlarged. 

 Residential PV systems are typically installed in low voltage (LV) and sometimes MV networks. 
If the PV system’s peak production capacity is not larger than the connection of the premise it 
is built upon, the existing connection might also be used for the purposes of the PV feed-in. 
Otherwise, the connection needs to be enlarged or a new connection needs to be built. 

Summing up, a large-scale increase in PV will not happen independently from the overall policy 
framework for supporting renewables. The implemented policy is, among other things, affecting the size 
of installations and their maximum load. And certain sizes of load, in turn, effectively determine network 
levels of connection.  

Other issues like the geographical set-up of the country will be decisive for the full-load hours reached in 
different regions and also for the network infrastructure in place today (i.e. some rural areas have a lot 
of space available and might also be very attractive in terms of solar radiation, but their networks tend 
to be less strong than the ones found e.g. in inner cities).  

Therefore, it is generally possible and useful to analyse the current (and future) set-up of the RES support 
scheme and the network infrastructure as well as the regulatory and normative framework to determine 
(in advance) whether the technical solutions as identified by PV GRID are: 

 useful in the current or upcoming situation (as they might help to avoid or delay network 
expansion); 

 applicable in the current regulatory and normative framework (as they might be hindered by 
some of the barriers that were identified by PV GRID). 

In order to structure such an analysis further, the PV GRID consortium developed a roadmap that may be 
used as an exemplary blueprint by any national authority or stakeholder in order to identify barriers early 
on, and thus direct PV investments into suitable regions or foster an increase of the grid hosting capacity 
where necessary. 

                                                           
23 Actually the situation might be somewhat different from country to country or in between support schemes, but for 
technical reasons higher loads (kW) will generally be connected to higher network levels. This generally holds true 
for demand and production sites. 
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The PV GRID Roadmap 

The roadmap that is developed and explained in detail below aims at giving policy makers and other 
stakeholders a first and easy indication on where their country is positioned and what needs to be done 
to actually help increasing the penetration levels of PV. In order to use the roadmap, we strongly suggest 
policy makers and other stakeholders familiarise themselves with PV GRID’s technical documents (D3.1: 
Prioritisation of Technical Solutions available for the Integration of PV into the Distribution Grid) in order 
to clarify which technical solutions might be useful in their particular situation – they will probably end 
up with a combination of these measures, as in fact none of the technical solutions identified allows for 
resolving all issues by itself.  

 

Figure 6.2.2 - Roadmap for Increasing PV Penetration on the Distribution Grid 

The roadmap does not focus on any single technical solution, it rather uses a flowchart to indicate which 
questions should be analysed at first and which questions should be addressed in a second step, to be 
analysed later or after the answers to the questions on the first level have been clarified. Furthermore, 
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the roadmap is somewhat simplified, as in reality issues are more complex and interdependent, including 
processes happening in parallel. Just as this whole chapter, the roadmap assumes a situation where large-
scale integration of PV is either already the case or will become reality in the near future.  

The roadmap offers a course of action for policy makers, regulators, DSOs, PV associations and other 
important stakeholders. However, in order to reach satisfying results, the process of analysing the current 
situation and identifying suitable technical solutions as well as barriers in the regulatory and normative 
framework that may have to be overcome will need to be carried out together by all stakeholders. 
Applying this inclusive approach will allow for reaching common ground, developing mutual 
understanding and helping to implement the needed changes to the framework conditions. 

Based on a country’s RES goals and policies for increasing PV penetration, is there a need for action 
regarding the distribution grid hosting capacity? If so, policymakers need to determine whether PV is 
supposed to be installed uniformly distributed, or only in certain regions. It is highly recommendable to 
base this decision upon broad stakeholder input. In case available regional hosting capacities should be 
used first, it may be necessary to introduce regulatory and normative steering instruments offering 
incentives for PV systems in those regions with hosting capacity available. 

If not enough grid hosting capacity is available, stakeholders need to identify why capacity is limited and 
on what voltage level. PV GRID is addressing two main problems: voltage and/or congestion. Other 
problems are out of the project’s scope and hence, not addressed here.  

Successively, DSOs in collaboration with other stakeholders need to check which of the technical solutions 
identified by PV GRID best suits the task of handling the particular situation in a certain region or country, 
thereby identifying the optimal mix of solutions to address the problems. It needs to be checked whether 
those solutions are actually applicable. This step involves the analysis of barriers (as discussed in Chapter 
4 (European level) and Chapter 5 (national level) to determine whether technical solutions are easily 
applicable or not. If not, necessary changes in the normative and/or regulatory framework conditions 
need to be identified and all stakeholders should work together towards implementing them. The final 
test is whether the most suitable solutions identified above can be financed, either by DSOs or by other 
stakeholders (e.g., Prosumer storage solutions by consumers). Are existing financial incentives sufficient 
to stimulate the application of technical solutions? If not, stakeholders should work together towards 
adjusting the regulatory framework setting the economic conditions in order to allow for adequate 
financing to apply the optimal mix of technical solutions.  

6.3 Status of PV Integration and Barriers in Participating Countries 

In order to assess the urgency of adopting PV GRID recommendations in the different national contexts, 
the PV penetration ratio may be indicative. However, this is only a rough indication, as it doesn’t take into 
account the actual grid topography of each country, the distribution between PV and load as well as the 
distribution of other DG technologies and the distinction between distribution and transmission levels. 
Hence, this indicator must be treated with some reservation and caution.  
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PV Penetration Ratio 

 

Figure 6.3.1 – Clustering based on PV penetration ratio 

The PV penetration ratio is calculated for each country as the quotient of the total installed PV generation 
capacity in 201224 and the total installed electricity generation capacity25, expressed in %. In our analysis, 
the PV penetration ratio is considered very high when it is greater than 14%, high when it is greater than 
8% and low when it is lower than 1%. The limits are arbitrary, but there is a clear separation between the 
medium and high penetration ratios, as Slovakia has a penetration of 5.74%, and the immediate higher 
penetration ratios correspond to Czech Republic, Italy and Belgium with a penetration ratio of 9.67%, 
10.86% and 11.04% respectively. 
  

                                                           
24 Obtained from the 2013 EPIA “Connecting the Sun” report 
25 Total Electricity Capacity in 2011 obtained from Eurelectric Power Stats and Trends 2012  
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Country 
PV capacity scenarios 

[MW] (2012) 
Total Electricity Installed 

Capacity (MW) (2011) PV Penetration (%) PV Penetration 

Austria 176 22.019 0,80% Low 

Belgium 2.018 18.284 11,04% High 

Bulgaria 135 12.228 1,10% Medium 

Cyprus 9 1.689 0,53% Low 

Czech Republic 1.959 20.250 9,67% High 

Denmark 16 13.540 0,12% Low 

Estonia 0,2 2.441 0,01% Low 

Finland 1 16.813 0,01% Low 

France 2.659 126.462 2,10% Medium 

Germany 24.678 167.820 14,71% Very high 

Greece 631 17.659 3,57% Medium 

Hungary 4 9.497 0,04% Low 

Ireland 3 8.459 0,04% Low 

Italy 12.754 117.490 10,86% High 

Latvia 0,2 2.576 0,01% Low 

Lithuania 0,3 3.672 0,01% Low 

Luxembourg 30 1.728 1,74% Medium 

Malta 12 572 2,10% Medium 

Netherlands 103 26.733 0,39% Low 

Poland 3 34.688 0,01% Low 

Portugal 183 19.819 0,92% Low 

Romania 3 16.460 0,02% Low 

Slovakia 468 8.152 5,74% Medium 

Slovenia 81 3.146 2,57% Medium 

Spain 4.400 101.613 4,33% Medium 

Sweden 15 36.447 0,04% Low 

United Kingdom 875 89.261 0,98% Low 

Table 6.3.1 - PV penetration ratios. Source: PV GRID calculations based on EPIA and Eurelectric data. 

The penetration ratios indicate that, compared to other countries, in Germany a very high, and in Belgium, 
Italy and the Czech Republic a high PV penetration is occurring. Therefore, these countries should pay 
special attention to the technical solutions described in chapter 3, as it is expected that they will be the 
first ones facing challenges in the distribution networks as far as PV is concerned. In other words, the PV 
penetration ratio gives a rough indication of the urgency of adopting PV GRID recommendations. 
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Occurrence of Barriers at National Level 

In order to establish which of the barriers identified in chapter 5 occur in participating European 
countries, the PV GRID consortium has undertaken a basic research of existing studies at European level, 
and conducted a short survey. The survey has been completed by national PV associations, often with 
support from regulators, DSOs, TSOs and consultancies in the concerned countries.  

Therefore, the survey results shown in Table 6.3.2 can serve as indicators for assessing changes needed 
in regulatory and normative frameworks in order to increase PV hosting capacities in individual countries. 
However, they will have to be discussed at national stakeholder workshops in order to fully ascertain the 
occurrence and severity of the barriers and to develop and potentially fine-tune recommendations for 
changing the framework conditions. 

 

Table 6.3.2 - Occurrence of identified barriers in PV GRID countries. 

In the following Section 7, four country case studies are presented. The PV GRID consortium members in 
the respective four initial focus countries (Germany, Italy, Czech Republic and Spain) have conducted a 
thorough analysis of PV integration into the national distribution grids, including a detailed regulatory 
and normative barrier analysis with respect to the adoption of technical solutions and recommendations 
on how to overcome those barriers. The case studies serve as a blueprint for the overall analysis of 
barriers and recommendations in the European advisory paper. At the same time, they also offer an 
example for stakeholders in other participating countries interested in carrying out a more detailed 
analysis based on the PV GRID roadmap. 
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7 COUNTRY CASE STUDIES 

7.1 Germany 

Authors: BSW-Solar, RWE Deutschland 

7.1.1 Introduction 

In Germany, renewable energy sources (RES) are now contributing roughly 23% of the power needed to 
meet electricity demand, compared with less than 5% only 20 years ago.26 In particular, photovoltaic (PV) 
systems have been growing strongly over the past couple of years. As of June 2013, more than 1.3 million 
PV systems were installed across Germany, with a total installed peak capacity of more than 34 GW. A 
number of challenges arise from managing such high penetrations of PV in the electric grid; even in 
Germany with its traditionally “strong” grid. The good news is that the majority of technical solutions 
identified by PV GRID are already available and applied in Germany and a lot of progress has been made 
in the past years towards a large scale PV integration, primarily with respect to technical regulations, e.g. 
new grid connection requirements are now in place to support a smoother response to frequency 
deviations of PV systems in case of system overfrequencies. Albeit some open questions remain with 
regard to the accompanying economic regulatory framework, especially from the Distribution System 
Operators’ (DSO) point of view. These and a number of other details that need to be clarified within the 
technical and economic regulatory framework will be discussed in the following sections. 

7.1.2 PV Integration in the German Distribution Grid 

When discussing the German case of integrating high numbers of PV systems, which in sum represent a 
significant amount of power injected into the distribution grid, it is important to keep in mind the 
framework conditions provided by Germany’s long-standing feed-in tariff (FIT), codified in the Renewable 
Energy Sources Act, or Erneuerbare Energien Gesetz (EEG). The FIT offers guaranteed priority access to 
the grid for renewables along with fixed, long-term (20 years) technology and installation-differentiated 
incentives to RES system owners. Generation from renewable energy sources is granted priority dispatch 
and the DSO is mandated by law to pay remuneration to PV system owners. Energy injected into the DSO 
networks is handed over to the Transmission System Operators (TSOs) by the DSOs and sold by the former 
via the German electricity exchange market as long as the owner of the RES system does not choose to 
market the installation’s production directly.27 

In October 2007, the so-called “Clearingstelle” was established by the Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety (Bundesministerium für Umwelt, Naturschutz und 
Reaktorsicherheit or BMU). This initiative was based on changes in the Renewable Energy Sources Act 
(EEG) in 2004. The “Clearingstelle” (not to be confused with a clearing house as known in financial 
services) settles disputes and tackles application issues arising under the framework provided by the EEG. 
Section 57 of the EEG defines the purpose of the “Clearingstelle” as a facilitator, helping “to settle any 
disputes and issues of application arising under this act”. The ordinary courts usually settle disputes 
through litigation that is often costly and time consuming. However, the “Clearingstelle” offers alternative 
dispute resolution options that may prove more efficient and cost-effective to settle disputes. Such 
options include mediation, joint dispute resolution, and arbitration. Thereby, opposing parties may 
choose to take their case to the Clearingstelle on a voluntary basis and may thus avoid costly litigation 
and tedious, lengthy court action, but yet achieve a feasible and mutually acceptable solution. 
Furthermore, the Clearingstelle provides general advice on how to apply the provisions of the EEG. 

                                                           
26 Referring to share of RES in total gross electricity consumption, according to BMU 2013: http://www.erneuerbare-
energien.de/en/topics/data-service/graphics/ 
27This approach is called“Direktvermarktung”. In fact, quite a large number of RES installations are currently marketed by their 
owners (or by the owner’s service provider, i.e. aggregators) directly; e.g. most of the wind farms are using this approach. 

http://www.erneuerbare-energien.de/en/topics/data-service/graphics/
http://www.erneuerbare-energien.de/en/topics/data-service/graphics/
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As of June 30th, 2013, Germany’s electricity system supports 34.2 GW28 of cumulative PV capacity. 
According to the German Federal Network Agency, over 1.3 million PV systems were installed by the end 
of 2012. The vast majority of PV development in Germany is decentralised in nature. In 2012, roughly 60 
% of PV capacity (usually PV plants sized <100 kW) were installed on the low voltage grid. The PV capacity 
on the medium voltage grid amounted to about 33 %. Hence, almost 93 % of the PV capacity was installed 
on distribution grids. This ratio is not expected to markedly change in the near-term given that future 
growth is anticipated to remain largely concentrated in the distributed residential rooftop and 
commercial customer segments.  

 

 

Nº 
Installations 

Proportion 
of 
installations 

Installed 
power (MW) 

Proportion 
of installed 
power 

LV 1.270.000 96,84% 19.851 63,39% 

MV 28.000 3,11% 9.538 30,46% 

HV 513 0,05% 1.928 6,16% 

EHV 1 0,00% 3,7 0,00% 

Total 1.298.513 100,00% 31.317 100,00% 

Table 7.1.1 - Photovoltaic installations by voltage level in Germany 2012  

(Source: BSW own calculations based on data from German TSOs) 

Generally, it is difficult to get up-to-date accurate data for Germany’s situation in terms of number of 
installed PV systems, installed power on the different voltage levels and spatial allocation. The Federal 
Network Agency is collecting the relevant data; however, the data is not processed and analysed with a 
specific focus on connections, related voltage levels and regional set-up. This is mainly due to the fact 
that for the current German regulatory framework this information is simply irrelevant. Table 7.4.1 
provides an overview calculated by BSW based on data provided by Germany’s four Transmission System 
Operators (TenneT TSO, 50Hertz Transmission, Amprion and TransnetBW) in September 2013.29 

                                                           
28 Source: BNetzA 
http://www.bundesnetzagentur.de/cln_1912/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Institutionen/ErneuerbareE
nergien/Photovoltaik/DatenMeldgn_EEG-VergSaetze/DatenMeldgn_EEG-VergSaetze_node.html 

29 Compared to the data released by the Federal Network Agency, there is a difference of 1 GW which provides further evidence 

with respect to data inconsistencies and inaccuracy problems.  
 

http://www.bundesnetzagentur.de/cln_1912/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Institutionen/ErneuerbareEnergien/Photovoltaik/DatenMeldgn_EEG-VergSaetze/DatenMeldgn_EEG-VergSaetze_node.html
http://www.bundesnetzagentur.de/cln_1912/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Institutionen/ErneuerbareEnergien/Photovoltaik/DatenMeldgn_EEG-VergSaetze/DatenMeldgn_EEG-VergSaetze_node.html
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Figure 7.1.1 - Generation mix in Germany for the week 32 in 2012 (source: Fraunhofer ISE) 

In 2012, solar generation provided about 5% of gross electricity (TWh) production, and on sunny days, PV 
delivered between 30 and 40% of country-wide peak electricity demand, as witnessed on 12 August 2012 
and provided in Figure 7.4.1. 

Figure 7.4.2 shows the spatial distribution of installed PV capacity in Germany. With existing limitations 
as explained above, it is difficult to provide accurate percentage figures. Nonetheless, the lion’s share of 
PV systems is installed in rural areas in Southern Germany. When contrasted with the population density, 
those areas most likely have a population of 50 to 100 residents per square kilometre, or even less. Only 
a small share of PV systems is installed in urban areas. Furthermore, according to the experience of RWE, 
DERlab and BSW, the average size of a PV system generally increases with the rural structure of its 
location. In other words, the more rural a location of a PV system, the more likely the system’s size is 
greater than 10 kWp.  

 

Figure 7.1.2 - Spatial distribution of PV systems (source: Fraunhofer IWES 2012)  

and population density in Germany (source: mr-kartographie) 
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Historically the grid infrastructure was mainly designed to supply customers. Due to the lower density of 
electricity loads it was possible to plan longer feeders and/or to use lines with a lower transmission 
capacity especially in rural areas compared to e. g. urban areas of distribution grids. Also, electric utilities 
used to generate power in a central generating station and distribute the power over the different voltage 
levels to the customers connected to the distribution grid. Thus, the resulting power flow direction was 
clearly defined top down and it was this “one-way” flow the grids and the grid protection systems were 
designed for. If power flows from the substations along the distribution lines out to transformers located 
near customers only, then the voltage will be reduced along the feeder. Now with increasing distributed 
generation sources, like PV systems, providing power generation sources at multiple points along the 
distribution lines and frequently causing the power to flow back from the customer toward the 
transformers, the voltage on the electric distribution line will increase in cases of high PV feed-in. If the 
distributed generator is large enough in relation to electric load connected to the same system, the line 
voltage might be raised above the upper operating limit (especially in rural areas), which has to be 
prevented by the DSO. Considering both cases, high PV feed-in causing a high voltage level and no PV 
feed-in but high consumption causing a low voltage level, the resulting voltage spread is a challenge for 
the distribution grid planning and operation. This circumstance as well as thermal problems (which 
usually arise right after the voltage situation becomes critical) forces DSOs to upgrade the distribution 
grid infrastructure in order to be able to run their system securely and fulfil their legal duties. However, 
the current economic regulatory framework does not provide for accurate re-financing of the required 
grid expansion measures.30 

The Distribution System Market Structure in Germany  

In Germany there are about 900 Distribution System Operators (DSOs) of different sizes and structures. 
This situation is also reflected in different unbundling rules and other regulations which apply to small 
and large DSOs respectively.31 DSOs differ in particular with regard to the size of the networks they 
operate, the number of electricity customers they serve and their capital endowment. The majority of 
DSO companies actually operates below the de minimis clause provided by section 7 (2) of the Energy 
Industry Act, or Energiewirtschaftsgesetz (EnWG). In practice this means that all companies with less than 
100.000 customers connected (directly or indirectly) to their grid are exempt from a number of 
unbundling regulations. Or in other words, they are not obliged to unbundle grid operation, power 
production, supply and trade. Furthermore, they are regulated by special state regulatory authorities 
(Landesregulierungsbehörden), not the federal regulatory office. As a consequence of this regulatory set-
up, the amount of regulatory control exercised in certain issues and the rules actually used to regulate 
these issues can differ substantially between smaller and larger DSOs, but also between single German 
states and of course between the federal regulatory agency and state regulators.  

Due to increasing demands on the distribution infrastructure resulting from the reorganization of the 
energy system and a regulatory framework (a special system of incentive regulation with a focus on total 
expenses (TOTEX) that was set up in 2006/2007) that was not designed to foster investment but that is 
focused on exercising efficiency pressure on DSOs (which are after all monopolists), small and large DSOs 
alike are faced with the challenge of making the required investments in their networks. Recently, the 
regulatory framework for investing into the distribution grid has been adjusted and now allows DSOs to 
use special investment funds for investments in 110 kV lines (i.e. the new regulation is most helpful for 
DSOs facing high investments due to wind farms connected to MV and HV grids and thereby forcing 
capacity expansions, but mostly irrelevant to DSOs facing an increasing amount of PV systems in LV 

                                                           
30 Cf. http://www.eclareon.eu/sites/default/files/germany_-_res_integration_national_study_nreap.pdf; and 
http://www.dena.de/projekte/energiesysteme/verteilnetzstudie.html 
31Due to section 46 (2) of the Energy Industry Act, or Energiewirtschaftsgesetz (EnWG) the structure of the German DSOs 
cannot be stable as every municipality is obliged to tender “the right of way”, meaning the concession for operating the 
network on its grounds, every 20 years. Basically, this means that every DSO practically has to reapply in competition with 
other companies/DSOs for the concession every 20 years. Furthermore, this process is not an auction in the sense that the 
“highest bidder” is awarded the concession because most municipalities are already collecting the highest fee that is legally 
possible. Rather the competition focuses on questions like cooperation in energetic projects etc. 

http://www.eclareon.eu/sites/default/files/germany_-_res_integration_national_study_nreap.pdf
http://www.dena.de/projekte/energiesysteme/verteilnetzstudie.html
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grids).32 However, further regulatory adjustments are needed in order to better support the ongoing 
transition. While promoting the practical use of selected technical solutions as well as sufficient 
investment levels in general, no disadvantage or additional costs should occur for DSOs who choose to 
become a “smarter” network or for operators of renewable energy sources. 

                                                           
32 The central legal source for the regulation of the German electricity grid is the Energy Industry Act (EnWG). It defines the 
procedures and responsibilities of the different parties and is the legal basis for relevant implementation decrees, such as the 
Ordinance on Incentive Regulation (Anreizregulierungsverordnung or ARegV). In general, the ARegV defines a formula that sets 
the maximum limit of revenues which grid operators can earn through network usage fees (revenue cap with efficiency target). 
If the grid operator conducts investments within the regulatory period, e.g. to develop the grid for improving the integration of 
RES, the  formula is generally not adjusted for any changes in costs that might be incurred from undertaking the investment by 
the network operator. There are, however, exemptions from this rule: TSOs can apply for special investment budgets at the 
federal regulatory office (section 23 ARegV). DSOs on the other hand can apply for an (output driven) “enlargement factor” 
with their responsible regulatory office, i.e. if their service area increases or they serve more connections their revenue can be 
increased by an individual lump-sum. If a certain threshold level has been met (section 10 ARegV), new PV installation are 
counted as additional connections in the “enlargement factor”. In August 2013, the rules were changed and DSOs now might 
apply for the special investment budgets for investments undertaken in 110 kV lines.   
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7.1.3 Identification of the relevant technical solutions 

 

Figure 7.1.3 - Relevant technical solutions for Germany33 

                                                           
33 As curtailment is legally possible under the EEG in Germany, though is considered to be an exemption from the DSO’s 
general duty to provide capacity and to enhance the grid infrastructure, German members of the PV Grid consortium opted for 
a “green/red” indication, i.e. curtailment can be applied if problems occur, though a more general adoption of the solution 
requires regulatory development. Cf. the extensive discussion of the curtailment issue within the German context below. 
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Rationale 

The relevant technical solutions for Germany are listed in the table above34. Overall, all technical solutions 
presented and selected for evaluation are important and will be developed in the near future. However, 
especially complex interactive solutions driven by market mechanisms like demand response are not yet 
applicable in Germany. Clear definitions of all actors involved, their particular roles and the gateways 
between them are required in order to fully implement those solutions. To that end, some progress has 
been made in updating and adjusting the regulatory and normative framework conditions. However, 
there still remain a number of open questions that need to be addressed in order to clearly define the 
scope of applying those interactive solutions. 

Whether Advanced Closed-Loop Operation will be applied or not is mainly a case-by-case decision 
depending on the local grid infrastructure. With this technical solution major expenses due to required 
automation engineering are necessary to keep the current level and reliability of service. Costs and 
benefits need to be assessed based on the local situation.   

7.1.4 Barriers 

7.1.4.1 Rules forbidding RES energy curtailment except for security issues 

Description 

In Germany, generation from renewable energy sources is granted priority dispatch, codified in section 8 
of the EEG. Therefore it can only be curtailed for system security reasons and on the distribution level the 
curtailment has to be compensated by the responsible DSO. The reference for DSO curtailment can be 
found in section 11 of the Renewable Energy Sources Act (EEG): “feed-in-management”. The legal 
reference for TSO curtailment can be found in section 13 of the Energy Industry Act, or 
Energiewirtschaftsgesetz (EnWG). If the curtailment is undertaken by a TSO according to section 13 (2) 
EnWG, no compensation is paid. 

It is important to notice that even though (strict) rules for curtailment exist and its usage by DSOs is 
therefore “legal” in well-defined circumstances, DSOs are still expected to reinforce their network in a 
timely fashion and to dissolve the bottleneck causing the curtailment. Curtailment in Germany today is 
therefore an exemption from the rule.35 

It is also important to notice that German TSOs usually do not interfere with RES installations directly but 
are allowed to request that DSOs execute the interventions that were considered necessary by the TSO. 
This arrangement has its advantages – inter alia only one set of steering equipment is needed – but it 
makes it sometimes hard for the PV installation proprietor to identify the “source” of any intervention. 

Since January 2012 all new built PV plants >30 kWp are obligated to install a communication interface 
that enables the DSO to reduce the injected power of the plant according to the rules stipulated by section 
11 EEG. Furthermore, all plants >100 kWp (i.e. old and new) have to provide instantaneous data about 
the power supplied via a bidirectional interface. Plants <30 kWp have a choice to either reduce injected 
active power to a maximum of 70 % of the installed capacity or to install the same technical equipment 
as plants >30 kWp.  

Technical solutions affected:  

All technical solutions implying curtailment or limitation of active power, namely: 

 Curtailment of power feed in at PCC 

 SCADA + PV inverter control (Q and P) 

Voltage levels: 

 LV/MV 

                                                           
34Cf. the relevant part of the preamble of EEG 2012. 
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Regulation and normative applicable in Germany:  

 Relevant law: EEG / EnWG / Mittelspannungsrichtlinie 

Specific articles: 

 EEG 2012 § 6 Abs. 1 bis 3, EEG 2012 § 6 Abs. 6, § 17 Abs. 1, EEG 2012 § 11 

 EEG 2012 §§ 16, 18, 21, EnWG 2011, TAB –Mittelspannung, TAB - Niederspannung 

Recommendations 

As defined by the PV Grid project, curtailment might be considered as an extended form of “feed-in-
management” that is no longer an exemption for security reasons, but a temporary and strictly limited 
technical measure, which may be used in order to help increasing the grid hosting capacity.  

In such an environment DSOs could use curtailment as an alternative option to immediately expanding 
the grid if the savings for the avoided grid reinforcement were higher than the costs “caused” by the full 
reimbursement for curtailment. The latter costs may roughly be estimated by the value of the lost energy, 
i.e. by compensating the installation owner for lost power sales. However, to analyse this trade-off (the 
savings for the avoided grid reinforcement vs. the reimbursements paid), a standardised and clearly 
quantifiable calculation method is needed. Also, grid expansion cost scenarios must include the most 
efficient available reinforcement technology instead of traditional cable expansion only. Applying this 
concept, DSOs would be enabled to optimize grid investments on the time axis and to foresee and plan 
sustainable grid development.  

To minimize the risk that curtailment bears for PV investors and plant owners, full reimbursement as 
applied today should continuously be guaranteed by the legal framework. Furthermore, the concept of 
curtailment might debilitate the premise of harvesting as many kilowatt-hours (kWh) of RE power as 
possible. A thorough political discussion within the German society will be needed to agree on a 
“workable” system that fits the general needs of the market while balancing all interests involved.  

Curtailment for the purpose of avoiding grid reinforcement should be considered as an additional option 
for DSOs. But with regard to the severe risks described above, curtailment should only be discussed in 
due consideration of a given set of restrictions. These restrictions and preconditions include inter alia: 

 RES plant operators need to be able to recognize and comprehend any interventions in the 
power supplied by their RES plant. Since most plants comply with the requirements of EEG 
2012 already, no additional technical equipment should be stipulated for the purpose of 
curtailment. 

 Legal definition of a strict cap of maximum curtailment in the local grid as a percentage of 
yearly production (not more than a certain percentage figure). 

 Every curtailed kilowatt-hour must be fully reimbursed. The curtailed and reimbursed kilowatt-
hours should be allocated to the network tariffs of the DSO using the curtailment to avoid 
network expansion.36 

 As a general and overriding principle the costs for reimbursement should be lower than the 
avoided costs for grid expansion, proven to the responsible regulatory agency upon request. 
The necessary calculation is to be based on the legally applicable calculation methods currently 
in place (i.e. the German StromNEV) or to be developed in the future. 

 The adoption of curtailment should be limited to management of congestion at the local 
distribution grid. Basically, any specific curtailment measures have to be “allocated” to a 
congestion area. This information should be published once a year or if the regulator requires 
the information.  

 Intensive exchange of information between network operators responsible for different 
network levels is necessary. For example such information exchange should enable the 
transmission network operator to base any scenario in its grid capacity planning on the non-

                                                           
36 This way the general public that profits from avoided expansions must bear the reimbursement costs. 
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curtailed load that would be injected into the network without any curtailment since other 
developments (i.e. alternative grid enforcement measures etc.) could lead to a situation where 
curtailment will no longer be necessary.  

 Immediate start of grid reinforcement measures before either maximum cap or limit of 
curtailment is reached or when curtailment is no longer the most efficient alternative. 

 Finally, curtailment should be designed in a way that will not distort any incentives for (self-) 
consumption that exist today or will be developed in the future (also including incentive 
schemes for DSM or storages). 

7.1.4.2 Insufficient DSO access to advanced PV inverter capabilities 

Description 

Modern inverters are able to provide several ancillary services to support network stability. The technical 
standard VDE-AR-N 4105 already requires a static (cos ϕ) or characteristic curve based (cos ϕ = f(P)) 
regulation. The inclusion for Q (U) regulation is expected. Other functionalities like P (U) and single phase 
stabilization (equilibration of voltage deviation between different phases) are currently researched. At 
the LV level these functionalities are to be automatised expediently. At the HV level advanced 
functionalities of inverters like reactive power provision could be offered even at night by using energy 
from the grid to stabilize the voltage profile. However, even if DSOs were allowed to contract these 
functionalities, there is no general use of these measures yet, due to the lack of experience and unclear 
rules between the participants in the new energy market and the absence of standards.  

Technical solutions affected:  

All technical solutions implying any kind of DSO control on PV inverters, namely: 

 Reactive power control by PV inverter Q(U) Q(P) 

 Active power control by PV inverter P(U) 

 SCADA + PV inverter control (Q and P) 

Voltage levels:  

 LV/MV 

Regulation and normative applicable in Germany: 

 VDE-AR-N 4105  

 TAB - Hochspannung, TAB - Mittelspannung 

Specific articles: 

 TAB - Mittelspannung, TAB - Niederspannung 

Recommendations 

Advanced inverter functionalities offer new possibilities to stabilize and optimize the power supply 
provided by renewable energy sources. Energy suppliers that market RES production to third parties are 
interested in controlling PV and wind power production remotely. However, using such control functions 
might be in conflict with the network control exercised by the DSO and thus, needs to be considered 
carefully. General rules and regulations for “smarter” grids and markets should be established. If services 
like the ones described above are to be offered and used extensively, metering and billing concepts need 
to be in place, i.e. the energy re-supplied to the network as a form of reactive power provision by a single 
PV is most probably to be treated differently from the energy it normally produces, i.e. at day-time (and 
that is insofar subject to the feed-in tariff). 
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7.1.4.3 Insufficient framework for Prosumer storage solutions 

Description 

With increasing fluctuant power production, the demand for flexibility options within the power supply 
system will rise. Prosumer storages could help to make production peaks less severe (i.e. peak shaving) 
and to increase self-consumption.  

In Germany, there are no direct regulatory barriers preventing the use of prosumer storage. However, 
there is still a financial barrier to be overcome as the costs for storage systems currently are still too high 
in order to be re-financed by applying increased self-consumption. A decline in production cost can inter 
alia be achieved by economies of scale with the increase of units produced. Furthermore, a broader use 
of prosumer storage systems will be a test case for evaluating this technical solution’s capability to 
contribute to congestion management, balancing markets, and balance groups.  

On the other hand, there are also no provisions that regulate the use of storage in private homes apart 
from the network connection contracts and the technical connection conditions (TAB) as prescribed by 
the DSO i.e. storage use by a Prosumer is not guaranteed to work in a way that is always beneficial for 
the grid.  

A first attempt to launch prosumer storages for small grid connected PV-plants has been made with the 
KfW Bankengruppe’s renewable energy storage program37 which started on May 1st 2013. It provides low-
interest loans and repayment subsidies for new solar PV installations which incorporate a fixed battery 
storage system, and for the retrofit of such systems to solar PV installations commissioned after 31st 

December 2012. Only PV installations <30kW are eligible to participate in the program. KfW loans, i.e. 
funds to finance the investment, are available for up to 100% of eligible net investment costs. The subsidy 
portion is limited to a maximum of 30% of the investment cost. To ensure that the storage systems comply 
with technical standards and to obligate a grid supporting operation, different requirements have been 
put in place, e.g., the plant owner has to agree that the connection to the network will permanently be 
limited to 60% of the maximal power output of the PV system, at least for the next 20 years. Furthermore, 
the inverter needs to be able to offer advanced capabilities such as single-phase stabilization, reactive, 
and active power control. Within the first few months of the program, KfW has already received hundreds 
of requests. The majority of those have been accepted.38 However, since the program just launched, there 
are no results available yet with respect to the number or size of systems supported, or the volume of 
the granted loans.  

Technical solutions affected:  

 Prosumer storage 

Voltage levels:  

 LV/MV 

Regulation and normative applicable in Germany: 

 § 188 (6) EnWG 

Specific articles:  

 IEC 62509, IEC 61427, EN 62620, EN 50727 

 Guidelines for the promotion of decentralised and stationary battery storage systems for use 
in conjunction with photovoltaic systems (published by the German Environment Ministry 
(BMU) in April 2013). 

                                                           
37 KfW Bankengruppe is a development bank controlled by the German Federal Government. For details on the storage 
program cf. https://www.kfw.de/inlandsfoerderung/Privatpersonen/Bestandsimmobilie/F%C3%B6rderprodukte/Erneuerbare-
Energien-%E2%80%93-Speicher-%28275%29/  
38 Source: http://dip21.bundestag.de/dip21/btd/17/145/1714536.pdf  

https://www.kfw.de/inlandsfoerderung/Privatpersonen/Bestandsimmobilie/F%C3%B6rderprodukte/Erneuerbare-Energien-%E2%80%93-Speicher-%28275%29/
https://www.kfw.de/inlandsfoerderung/Privatpersonen/Bestandsimmobilie/F%C3%B6rderprodukte/Erneuerbare-Energien-%E2%80%93-Speicher-%28275%29/
http://dip21.bundestag.de/dip21/btd/17/145/1714536.pdf
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Recommendations 

Storage systems are technically well suited to play a vital role in the future flexibility market. To obtain 
the needed reduction in costs it will be necessary to further support the development of storage 
technologies. Besides including larger storage systems in some type of supporting scheme, it will be 
important to foster and advance the active participation of storage systems in the balancing market, in 
congestion management and in balance groups. Additional revenue sources would help to decrease the 
dependency on loan programs. However, until storage systems achieve market maturity, stable financing 
will still be needed. 

Also, if the marketing of storage is undertaken without considering the situation on the DSO’s side, there 
is always the potential of storage having a Coasian external effect on the grid (cf. result of the DENA study 
on German distribution grids). 

More generally it should also be noted that in any case the benefit of using storage in the electricity 
system is highly dependent on its expected price development. 

7.1.4.4 Insufficient framework for DSO storage solutions 

Description 

Due to the German regulatory authorities’ interpretation of unbundling rules, DSOs are most likely not 
“allowed” to own and operate storage. The regulatory agency considers “storage” as a supply activity 
from which DSOs must “unbundle” themselves. The difference in power prices paid at the time of storing 
the electricity and power prices received at the time of discharging most probably has a positive (albeit 
also negative) value on the energy market, i.e. constitutes a “trading activity” which, to a certain extent, 
supports the regulator’s interpretation of storage as a part of the “smart market”. Consequently, the 
German federal regulatory agency would most probably not allow recovering any costs resulting from 
ownership/operation of storage equipment by a DSO. 

As an alternative DSOs could find access to storage capacities via market mechanisms, i.e. they could rent 
storage capacity / storage capabilities. This concept could most probably be legal as it is already applied 
in the gas transportation market (cf. section 16 (1) Nr. 2 EnWG). However, it remains economically and 
technically questionable if used in electricity (distribution) grids, as these infrastructures are much more 
time critical than the (technically rather inertial) gas transportation networks. 

Technical solutions affected:  

 DSO storage 

Voltage levels: 

 LV/MV 

Regulation and normative applicable in Germany: 

 § 7b EnWG (unbundling of storage) 

Specific articles:  

 IEC 62509, IEC 61427, EN 62620, EN 50727 

Recommendations 

Due to the versatile capabilities of storages to optimize the rate of grid utilization, there should be a 
reflection on how to activate its potential for DSO use. Direct access to and control of storage capacity 
would enable the DSO to implement a variety of beneficial measures (e.g., peak shaving, voltage 
stabilization). Depending on the actual use case a DSO tries to execute by utilizing storage, the 
involvement of a third party provider might jeopardize the technical concept, as storage reaction times 
might be too long or the storage might technically not be flexible enough. Also, if the marketing of storage 
is undertaken without considering technical restrictions on the DSO’s side, it always has the potential of 
causing a negative external effect on the grid (cf. result of the DENA study on German distribution grids).  
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More generally it should also be noted that in any case the benefit of using storage in the electricity 
system is highly dependent on its expected price development. 

7.1.4.5 Insufficient framework for Demand Response   

Description:  

There are traditional Demand Side Management (DSM) measures in Germany that stem from the pre-
liberalization era and that for the most part cover domestic heating appliances (e.g. night-storage-heaters 
which are often quite load intensive). In most cases installations covered by this scheme have their own 
meter which allows for a separate billing process from the DSO’s as well as from the supply company’s 
point of view. Special network fees in addition to technical measures are used to steer the consumption 
patterns of these installations into the night hours that traditionally have a low load profile. Nonetheless, 
the steering mechanism nowadays only works in relation to fixed restrictions given by the DSOs. Because 
the DSOs steer the installations according to fixed time schedules that are known to all market parties, it 
is easy to involve the supply companies into the scheme as they procure and deliver the electricity for 
appliances covered by the scheme according to so called tLPs (temperature dependent load profiles) that 
do also respect the fixed switching times.  

Whether these traditional schemes can be re-designed to work in a more flexible manner (e.g., allowing 
for the use of flexibility also during day time) without breaching technical restrictions on the network side 
and thus causing an additional need for network expansion is openly discussed at this time. Section 14a 
of the Energy Industry Act, or Energiewirtschaftsgesetz (EnWG) – also referred to as a “smart grid”-
provision by the responsible ministry – obligates DSOs to offer a reduced network fee to LV network users 
with a network usage contract if those users in turn guarantee the controllability of their loads.39Under 
this arrangement, DSOs would be enabled to switch off the customer’s load as needed. Hence, German 
law already provides a basic framework for using demand response. However, this provision needs to be 
further clarified in a special federal decree and is thus not ready for large scale deployment yet. 
Furthermore, by switching off loads, the DSO would intervene with the load forecast of the responsible 
supply company, who in turn would have to readjust its balance group. This will only be possible if the 
supply company actually “knows” that “its” loads are being switched off or if the balancing regime is 
amended to include an exemption for such cases, i.e. the balance group manager would be allowed to be 
in disequilibrium if the divergence from the prognosed schedule was caused by a third party in a DSM 
scheme. That is to say a fully flexible DSM scheme that would be able to react to sudden PV spikes is a 
possibility, albeit one that will cause additional system costs compared to the status quo.  

Furthermore, the current “smart-grid”-provision of the Energy Industry Act must be interpreted as only a 
first step, as inter alia the possibility to “switch on” loads is not foreseen and it is also restricted to LV 
loads. As a result, efficient demand response measures for congestion management can currently not be 
applied by DSOs. Many details regarding balancing, accounting and cost allocations still need to be 
clarified in order to allow for effective demand side management by DSOs. 

Technical solutions affected: 

 SCADA + direct load control 

 Wide area voltage control 

 Demand response by local price signals 

 Demand response by market price signals 

Voltage levels:  

 LV/MV 

                                                           
39 By using the term “network user” the provision addresses small and medium customers whose “right” to network 
access and usage is usually executed through their supply company which holds a network usage contract, as well 
as larger customers who might have their own (separate) network usage contract. 
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Regulation and normative applicable in Germany: 

 Section 14a of the Energy Industry Act (EnWG) and the corresponding federal decree are 
currently discussed by the German Ministry of Economics and Technology (BMWi) and 
interested market parties with the aim to create a more useful environment to DSOs, energy 
providers and end users.  

Specific articles: 

 § 14a EnWG 

Recommendations:  

Theoretically, Demand Response is one of the most effective measures to react to fluctuation in power 
production. However, its operation in unbundled energy systems is quite complicated due to the need to 
“balance” any switching operation. While it bears a high potential for congestion management and other 
PV-friendly measures, quite a large number of (new) rules, procedures and processes are required to 
make it work. That is to say that DSM is not for free, but has a price mostly consisting of transaction 
costs.40 

In this respect, it is highly recommended to continue the work already undertaken regarding a “new and 
improved” interface between DSOs and suppliers that is workable as well as in line with existing 
unbundling regulation. For instance, the “traffic light concept” as it is currently discussed throughout 
Europe is a good starting point.41 

With regard to the current and more specialised discussions in Germany, DSOs should be allowed to 
switch loads on and off in order to fully utilize any DSM potential. Thus, enhancing section 14a of the 
Energy Industry Act (EnWG) as well as developing a well-designed federal decree that further describes 
the new DSM environment, are highly recommended to allow for a more suitable congestion 
management and other PV and/or system-friendly measures. Furthermore, the regulatory framework 
should support different cases to use Demand Response, including congestion management, balancing 
energy and market related mechanisms such as balance group clearing. In addition, it is highly 
recommended to establish a consistent regulatory framework for operating smart electricity markets and 
to develop consistent and cost efficient accounting rules.   

7.1.4.6 Incoherent metering infrastructure regulation 

Description 

The German metering market is liberalised with the consequence that the user of the connection is legally 
allowed to choose a qualified third party as metering operator, i.e. a party different from the DSO. 
However, the DSO has to perform the duties of a “metering operator of last resort”, i.e. a DSO must fulfil 
metering duties if the consumer does not make a choice.  

Currently, section 21 of the Energy Industry Act, or Energiewirtschaftsgesetz (EnWG) requires “intelligent 
metering systems” (i.e. a combination of an electronic meter and a smart meter gateway (basically 
providing WAN and HAN connectivity) that does incorporate a protection profile42) to be installed in the 
following cases:  

                                                           
40 Cf.THINK TOPIC 11: Shift, not drift: Towards active demand and beyond. In this report the authors conclude that: 
„existing pilot studies are mainly focused on the technological issues of demand response, whereas our analysis 
shows that a technology push that disregards contracts would be probably ineffective” (p. 39); 
http://www.eui.eu/Projects/THINK/Documents/Thinktopic/Topic11digital.pdf. 
41 Cf. Eurelectric (2013): Active Distribution System Management, A key tool for the smooth integration of distributed 
generation, pp. 18-21. 
42The protection profile was compiled in a consultation process with market parties by the Federal Office for 
Information Security (BSI) in 2011 and 2012. It is currently presented to the EU Commission for notification. After its 
incorporation into law (most probably sometime in 2014) the protection profile will be mandatory for all intelligent 
metering systems installed in Germany. Also all enterprises “running” such equipment will have to be certified by the 
Federal Office for Information Security cf. Protection Profile for the Gateway of a Smart Metering System -V.1.2 - 
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/SmartMeter/PP-SmartMeter.pdf?__blob=publicationFile  

http://www.eui.eu/Projects/THINK/Documents/Thinktopic/Topic11digital.pdf
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/SmartMeter/PP-SmartMeter.pdf?__blob=publicationFile
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a. at consumption sites where the yearly consumption is  higher than 6.000 kWh 
b. at sites where a new RES installation with a capacity higher than 7 kW is installed 
c. when the “consumption site” is newly built or renovated with respect to most of its parts 
d. in all other connections if it is technically possible and economically feasible.  

Under the current law any further rollout of “intelligent metering systems” is subject to an overall scrutiny 
of economic feasibility. In this respect section 21 c EnWG states: “installation of any further “intelligent 
metering systems” is economically feasible if there are no additional costs to the customer resulting from 
the installation, operation and maintenance of the metering system”.43 In addition, any further regulation 
for the rollout of “intelligent metering systems” is subject to a cost benefit analysis (CBA) by the Federal 
Ministry of Economics and Technology (BMWi). Results of the CBA compiled by Ernst & Young’s German 
branch on behalf of the BMWi were presented on 30.07.2013. In general, E&Y proposes to keep the 
threshold of >6.000 kWh/a for installing “intelligent metering system”. However, the CBA suggests 
equipping all RES installations (old and new) with installed power higher than 250 W with an “intelligent 
metering system”.44 

As of September 2013, “intelligent metering systems” as defined by German law are not available on the 
market. This is mainly due to the fact that the federal government still needs to complete a number of 
regulations dealing with their protection profile, cyber security and other related issues. Once those 
regulations will be complete and entered into force, the certification process can be started. Intelligent 
metering systems complying with the new regulatory framework will most likely be available on the 
market in approximately 1.5 years.  

Technical solutions affected:  

 SCADA + PV inverter control (Q and P) 

 SCADA + direct load control 

 Demand response by market price signals 

 Demand response by local price signals 

Voltage levels: 

 LV, MV, HV, SHV 

Regulation and normative applicable:  

 Energy law (EnWG), RES law (EEG), Calibration law and federal calibration decree, PTB A 50.8, 
BSI protection profiles (inter alia BSI-CC-PP-0073, BSI-CC-PP-0077, BSI TR-03109), MsysV, 
MessZV and further decrees not adopted as of yet; Clearingstelle EEG, Empfehlung 
(Recommendation) 2012/7 

Specific articles: 

 §§ 21b-i EnWG, § 7 (1) EEG, § 11 EEG 

Recommendations 

According to the European Commission, smart meters are an essential precondition for smart grid 
applications and the adoption of demand response functionality. However, installing smart meters 
nationwide will also be an expensive and risky undertaking. Furthermore, DSOs can operate “smarter” 
without a large-scale roll-out of intelligent metering systems as suggested by the CBA. Against this 
background, the threshold level of 250 W (for RES generators) is rather low and needs to be analysed 

                                                           
43 It is rather unlikely that this requirement can be fulfilled due to the high prices of smart meters compared to Ferraris 
meters.  
44This proposal is driven by the idea of general curtailment of 5% of kWh produced yearly for all RES installations 
and the possibility to avoid network expansion costs by following this approach. The CBA insofar considers the 
“intelligent metering systems” to be able to perform “curtailment” accord. to section 11 EEG from a technical point of 
view. 
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further. Mandatory introduction of intelligent metering systems should be assessed carefully. It may be 
the case that installing the required intelligent infrastructure is only viable with large-scale PV 
installations. Market incentives enhancing the penetration of smart meters in the market should only be 
introduced if the overall benefits of demand response functionality for the grid capacity outweigh the 
costs. 

7.1.4.7 Regulatory frameworks that do not incentivise smart grid development  

Description 

Interactive solutions imply the deployment of non-conventional network infrastructures, in order to 
detect specific network conditions, to combine and analyse information arising from different points of 
the electrical system and to react when needed: or in other words, typical smart grid architecture is 
required. However, the current regulatory approach does not provide for adequate investment 
conditions in Germany for two reasons: On the one hand the incentive regulation has negative effects on 
the investment climate in general (as already explained in the general part of the advisory paper) and on 
the other hand new and ICT based technologies include a higher technology risk45 for the DSOs than 
conventional network expansion while both solutions are remunerated at exactly the same interest rates. 
Both issues need to be addressed in order to incentivize DSOs correctly in the future. 

For example, the current medium and low voltage networks and the substations connecting these 
networks are generally equipped with some form of metering systems. However, these metering devices 
are most likely not equipped with digital communication capabilities i.e. they cannot be read remotely. 
In the past, it was appropriate not to collect extensive measurement data in lower network levels due to 
the fixed load flow. Abstaining from extensive measurement data collection will most likely also be 
appropriate in the future as it will be possible to sufficiently monitor voltage levels with only a few sensors 
on critical grid points. However, additional monitoring can be advantageous as it can enable the DSO to 
further limit the security margin on certain networks elements, i.e. transformers/substations. In this vein, 
better knowledge of the real network conditions can offer additional grid capacity because security 
margins could be lowered. Without knowledge about the specific situation a system operator would not 
be able to apply SCADA functionality or direct access to loads and inverters.  

Technical solutions affected: 

 On Load Tap Changer for MV/LV transformer  

 Active power control by PV inverter P(U) 

 Advanced voltage control for HV/MV transformer  

 Curtailment of power feed in at PCC 

 SCADA + PV inverter control (Q and P) 

 SCADA + direct load control  

 Wide area voltage control 

Voltage levels:  

 LV/MV 

Regulation and normative applicable:  

 N/A 

                                                           
45 More ICT in the electricity grid has a number of (economic) consequences: Additional costs might occur and the 
network quality might be affected especially when introducing new technologies; ICT has a rather short life cycle that 
must lead to faster depreciation and finally ICT and its short life cycle cause a higher risk that must be included in the 
return on equity i.e. an adequate risk surcharge must be provided. 
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Specific articles:  

 Stromnetzentgeltverordnung (StromNEV), Anreizregulierungsverordnung (ARegV), 
Messsystemverordnung (MsysV) 

Recommendations: 

A careful and thorough adjustment of the regulatory system to incentivize DSOs correctly to become 
“smarter” should be discussed with relevant stakeholders in the near future to enable its introduction in 
the third regulatory period. In this discussion the pros (overall cheaper solutions) and cons (higher risk 
for DSOs and network quality) have to be considered. With regards to the example above, collecting more 
measurement data in LV and MV networks is an option that DSOs should apply if the continuous collection 
and analysis of data from substations and connections enables them to “create” additional (hosting) 
capacity in these networks in a cost-efficient way.  

7.1.5 Conclusions 

In Germany, a number of barriers are already addressed in new regulatory frameworks recently put in 
place or currently under development. Especially barriers related to the concept of smart grids are tackled 
on both, the European level and within the German government. Consistent further development of the 
regulatory framework conditions taking the costs appropriately into account will be of high importance. 
Nonetheless, general rules and regulations for “smarter” grids and markets should be established.  

Furthermore, curtailment for the purpose of avoiding grid reinforcement should be considered as an 
additional option for DSOs. Tough, with regard to the severe risks involved for RES plant operators, 
curtailment should only be discussed in due consideration of a clear set of restrictions as outlined above. 

Due to the versatile capabilities of storages to optimize the rate of grid utilization, there should be a 
reflection on how to activate its potential for DSO use. 
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Figure 7.1.4 - Barriers impacting selected technical solutions in Germany46 

                                                           
46 As curtailment is legally possible under the EEG in Germany, though is considered to be an exemption from the DSO’s general duty to provide capacity and to enhance the grid infrastructure, German 
members of the PV Grid consortium opted for a “green/red” indication, i.e. curtailment can be applied if problems occur, though a more general adoption of the solution requires regulatory 
development. 



 

 

 

7.2 Italy 

Authors: ENEL Distribuzione, AssoRinnovabili 

7.2.1 Introduction 

Thanks both to a decrease in the electric demand (-3,9% compared with the first semester of 2012) and 
thermoelectric production (-16,3% compared with the first semester of 2012), and to a good performance 
of all RES, in the first half of 2013 renewables accounted for 41% of national electricity net production 
(31,4% in the first half of 2012) and 35,7% of electricity demand (27,5% in the first half of 2012). Both in 
May and in June 2013 the net RES production outreached the 50% threshold (53% in May and 50,2% in 
June) and on 16 June for two hours (between 2.00 and 4.00 PM), RES production covered 100% of the 
electric demand. 

The role of PV in this outstanding RES performance is quite clear if we consider the incredible growth of 
the PV sector in nearly nine years, during which the total installed capacity grew from 30 MW in December 
2004 to 17.492 MW in October 2013. This strong growth was triggered when Italy switched from a 
scheme of subsidies on the construction of plants to incentives for the production of energy, the so-called 
Conto Energia. 

Anyway, 2013 will be recorded in the PV history not only for the good performances in terms of new 
installations and electricity production, but also as the end of incentives on the production. As foreseen 
in the Decree of 5 July 2012 (the fifth version of Conto Energia), the feed-in scheme for PV ceased to have 
effect 30 days after reaching an indicative cumulative cost of incentives of  € 6.7 billion per year. The 
National Regulatory Authority (NRA) officially declared the achievement of the cost limit on 6 June 2013, 
thus determining the cessation of the scheme on 6 July 2013. 

From that date, the PV sector is expected to go on without direct incentives, taking advantage from 
present fiscal incentives, the existing obligations to install PV on new buildings, self-consumption savings 
and the Scambio sul Posto net-metering scheme. Fiscal incentives seem to be an attractive tool to be 
employed, not only for the residential segment, but also for the commercial one, in order to foster the 
development of PV in the forthcoming years. Existing tax concession mechanisms foreseen for property 
renovations seem also to work quite well.  

"Grid Parity" business plans are already a fact in the southern regions of the country, and the use of net-
metering is especially interesting if coupled with the tax concessions. In particular, opportunities within 
the Sistemi Efficienti di Utenza (SEU)47 appear interesting, unless their new regulatory framework under 
discussion will not hinder this possibility. In fact these systems, whose regulation for connection, 
distribution and sale of electricity has to be completed yet, are usually exempted from paying electric 
system charges, but the NRA is asking the Italian Government to pay attention to the economic impact of 
these exemptions. However, as self-consumption is basically neutral with reference to the grid, this 
means that also a scenario of widespread implementation of this model will not affect significantly the 
grid in terms of sustainability. 

A final issue which can significantly boost, or the other way around affect, the future deployment of PV 
sector in Italy is the regulation of storage systems and their integration within the grid, since they could 
offer a range of services with reference to intermittent RES and self-consumption schemes. 

A new era for PV in Italy seem to be possible, if the legal and fiscal framework will be tailored in order to 
allow this to happen. The alternative of operating outside the incentivising scheme needs rules and a 
clear legal framework that are not fully developed yet. 

                                                           
47 SEU are particular arrangements allowing RES produced electricity to be sold directly to commercial and industrial 
facilities without making use of the public grid, and therefore without paying electric system tariffs and charges. 
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7.2.2 PV integration in the Italian Distribution Grid 

In Italy, in terms of total capacity installed, the majority of new DG installations (including mostly PV, but 
also biomasses/biogas and wind farms) is connected to the MV level of the distribution grid, and 
criticalities are limited to the cases where it is necessary to build new infrastructure connected to the HV 
grid, i.e. when DG generated power needs to be evacuated to the HV level due to insufficient load located 
close to DG. These criticalities usually also have an impact on the HV or EHV transmission level. In the LV 
level instead, where in terms of number of installations the majority of DG systems are connected, 
criticalities may appear locally, but do not have a systematic nature and are normally addressed during 
the connection phase. Table 7.2.1 below clearly shows that, for PV installations, notwithstanding most 
plants are connected to LV network (P < 200 kW), the main contribution in terms of power lies in the 200 
kW – 5 MW range (typically MV-connected). 

 

Year Voltage range 
Installed 
power 
(MW) 

Installations 
(No.) 

 
 
 
 
 

31.10.2013 

1<=KW<=3 490 176.543 

 
3<KW<=20 

 
2.421, 

 
312.867 

 
20<KW<=200 

 
3.747 

 
48.067 

 
200<KW<=1.000 

 
7.193 

 
10.986 

 
1.000<KW<=5.000 

 

 
2.157 

 
949 

kW>5.000 1.484 164 

Total 31.10.2013 17.492 549.576 

Table 7.2.1 - Photovoltaic installations by size (Source: GSE) 

As of 2012, the overall share of MV sections that need to evacuate power to the HV infrastructure for 
more than 5% of the time in a year have risen to 18% compared to 7% of 2010 (Source: Enel Distribuzione, 
representing over 85% of the Italian distribution market). However, this is only an overall national picture, 
while the regional picture varies widely offering a more critical scenario in some areas. 

On one side, there are regions like Lombardia, where conditions for DG are less favourable (densely 
populated, lower wind and solar resources) than in Southern Italy. In addition the consumption load is 
high, due to robust residential and industrial settlements, which also diminishes the probability of 
network problems. Generally, the PV business model (somehow related to average size of the 
installations, see also table 7.2.2 below) is based on small-scale plants integrated in existing, and already 
electrified, consumption sites: therefore in such areas, no major issues are found notwithstanding the 
number of PV installations ranks among the highest in Italy. 
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Figure 7.2.1 – Reverse Flow conditions in Enel Distribuzione HV/MV substations (Source: Enel Distribuzione) 

On the lower end of the boot, in southern regions like Apulia, Calabria and Sicily, where solar and wind 
resources are high and therefore DG is already largely deployed, scarce population and low 
industrialisation result in a low-medium local load and therefore in a transmission and distribution grid 
less developed than in Northern Italy. Furthermore, the PV business model has been long centred on 
newly-erected generation plants in previously unsupplied sites with no significant self-consumption; all 
these factors jointly contribute to a situation where, on a yearly basis, more power is injected from the 
MV to the HV grid infrastructure than vice versa. 

Figure 7.2.2 below shows how in these last two years the exchange profile between TSO and DSO has 
changed in Apulia (considered as a whole), resulting in a condition in which we can observe a  systematic 
behaviour of a large distribution network as a “big generator”. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2.2 – Net energy flow from TSO->DSO in the Puglia Region as a whole (Source: Enel Distribuzione) 
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Region 
Installations 

(number) 
Power 
(kW) 

Average 
capacity 

(kW) 

PUGLIA 38.174 2.495.398 65,4 

LOMBARDIA 76.750 1.920.037 25,0 

EMILIA ROMAGNA 51.964 1.727.776 33,2 

VENETO 74.119 1.577.553 21,3 

PIEMONTE 38.468 1.435.006 37,3 

SICILIA 37.794 1.206.986 31,9 

LAZIO 31.911 1.137.818 35,7 

MARCHE 19.792 1.012.283 51,1 

TOSCANA 28.451 683.794 24,0 

ABRUZZO 14.212 654.756 46,1 

CAMPANIA 20.486 649.947 31,7 

SARDEGNA 26.673 648.986 24,3 

UMBRIA 13.194 439.224 33,3 

FRIULI VENEZIA GIULIA 24.189 460.198 19,0 

CALABRIA 17.740 447.281 25,2 

TRENTINO-ALTO ADIGE 19.423 382.566 19,7 

BASILICATA 6.577 353.161 53,7 

MOLISE 3.059 162.942 53,3 

LIGURIA 4.954 78.291 15,8 

VALLE D'AOSTA 1.646 18.935 11,5 

Total Italy 549.576 17.492.938 31,8 

Table 7.2.2 – PV installations in Italy by Region (Source: GSE October 31, 2013) 

 

In these critical areas, the DG hosting capacity is therefore either already saturated or virtually saturated, 
taking into account the DG capacity currently under development, and therefore costly and technically 
complex distribution infrastructure enhancement interventions are needed or under evaluation. 
Additionally, the needed upgrades on the HV infrastructure often trigger further interventions in the HV 
or EHV infrastructure at transmission level, with a further increase of costs.  

 

Figure 7.2.3 – Transmission level criticalities in Italy (source: Terna 2013) 

As a matter of fact, the Italian transmission infrastructure currently presents several criticalities linked to 
the evacuation of DG and traditional power generation facilities located in southern Italy towards the 
central and the northern parts of the country, while additional criticalities appear in the northern areas 
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of the country, in this case linked to the import of electricity from neighbouring countries: France, 
Switzerland, Austria and Slovenia (see figure 8.2.3, source: Terna, Piano di Sviluppo 2013). 

Table 7.2.3 shows the increase of the contribution of PV to the Italian energy balance during the period 
2006-2012. 

Year 
Energy 
(GWh) 

2006 2 

2007 41 

2008 200 

2009 700 

2010 1.810 

2011 10.292 

2012 18.862 

Table 7.2.3 - Yearly energy production from PV source (2006-2012, Source: GSE, Terna) 
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7.2.3 Identification of the relevant technical solutions 

Relevant technical solutions 

 

Figure 7.2.2 - Relevant technical solutions for Italy 

Rationale 

All technical solutions that have been selected for evaluation make sense and will be developed in the 
near future. However some of them, particularly those that assume the involvement of the network user 
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on a voluntary basis (namely Demand Response by market price signals and self-consumption by tariff 
incentives), are more interesting in the energy market development perspective than for the integration 
of renewables. Of course, once introduced for market purposes, these technical solutions will also 
contribute – maybe marginally – to support the integration of PV. 

Also, booster transformers presently appear to represent a “small niche” solutions for PV integration, 
notwithstanding they are technically reliable components that can effectively support voltage 
management; however, they are more suitable for established network situations in which voltage drops 
along the feeders exceed standards and do not necessarily represent the best fit for rapidly changing 
situations such as connection of DG. 

All the other solutions are of interest and can already be implemented or will be delivered - if 
economically effective - as long as they are technically feasible and allowed by existing legislation and 
regulation. Their applications will affect above all the future PV-plants: the hypothetical retroactive 
application to existing installations of energy/power curtailment must be carried out only for punctual 
problems on the network and the owners should be refunded for production losses. As a rule, RES energy 
and power curtailments should be carried out only as a last possible solution, after a specific costs and 
benefits analysis.  

It must be noted that, except for conventional network reinforcement, there are no technical solutions 
that can be expected to solve all possible network criticalities related to unconventional shares of PV. 
Therefore no “killer application” can be expected; the different solutions complement each other and 
each one of them can/will be used in an optimal way according to the context (e.g. voltage level, type of 
criticality, distribution of DG, etc.). 

7.2.4 Barriers 

7.2.4.1 Rules forbidding RES energy curtailment except for security issues 

Description 

Generation from renewable energy sources in Italy can be curtailed only by the TSO for transmission 
system security reasons, and not in case of local voltage or load constraints. The legislative and regulatory 
conditions do not allow DSOs to provide Generation Operators with connection solutions implying any 
limitation of the injected active power, even for a limited percentage of yearly hours. This obligation 
prevents new generation being provided with simpler, and therefore faster and cheaper, connection 
solutions, even in case this can be achieved at the price of being curtailed in a very limited amount of 
hours (e.g. a given percentage of the time of the year). 

Technical solutions affected:  

All technical solutions implying curtailment or limitation of active power, namely: 

 Active power control by PV inverter P(U) 

 Curtailment of power feed in at PCC 

 SCADA + PV inverter control (Q and P) 

 Wide area voltage control. 

Voltage levels:  

 LV/MV 

Regulation and normative applicable: 

 Presently RES curtailment is only allowed for transmission security reason, according to a 
procedure (Annex A.72 to Italian Transmission Grid Code) defined by the Italian TSO, approved 
by the NRA (Act 344/2012/R/eel) and involving all the DSOs. This procedure, call RIGEDI 
(RIduzione GEnerazione DIstribuita – Distributed Generation Curtailment), is in place since 
summer 2012 and is potentially applicable only in case of low level of passive load and very 
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high DG production. NRA is working together with TSO, DSOs and technical committees for an 
evolution of that procedure toward a more automated process. 

Specific articles:  

 art. 2, Act 344/2012/R/eel 

Recommendations  

Curtailment of RES must be allowed to DSOs in national regulation. Within this framework, boundary 
conditions must be defined in technical standards (e.g. maximum percentage of yearly hours for 
curtailment) in order to perform network planning in the most transparent and non-discriminatory way. 
However, this provision should be activated only in case the PV plant owner agrees on the permanent 
connection solution implying a curtailment under the abovementioned boundary conditions defined in 
technical standards. 
This provision must not be mixed with the case in which, in order to allow a PV plant already built and 
whose connection has not been completed yet, but it is partly operable, a connection is temporarily 
activated at a reduced power. In these (different) cases, which can be allowed only for specifics technical 
reasons, adequately justified, and for short periods, DSOs must continue to carry out their obligations 
related to reinforcement of their networks and to operate in order to solve the bottlenecks causing the 
curtailment.  

7.2.4.2 Insufficient self-consumption framework 

Description: 

Presently in Italy the electricity produced by PV-plant today can be self-consumed but it does not receive 
any explicit economic incentive. Notwithstanding national economic incentives, established for PV-plants 
since 2005, aimed to stimulate even the self-consumption, generators’ behaviour in terms of 
predictability is generally on voluntary basis. 

Technical solutions affected:  

All technical solutions implying a voluntary limitation to injection into the network for the new PV-plants 
, namely: 

 Self-consumption by tariff incentives 

Voltage levels:  

 LV/MV 

Regulation and normative applicable: 

According to the last national incentives scheme applicable to electricity produced by PV generators, 
Ministerial Decree 05.07.2012, so -called “Fifth Conto Energia”, the PV owners were granted, for 20 years, 
two types of incentive: an all-inclusive tariff for the energy that is fed into the grid and a premium rate 
for self-consumption. On the 6th of July 2013 the “Fifth Conto Energia” ceased its application and at the 
moment there are no national incentives to the electricity produced by PV-plants. 

Specific articles:  

At the moment, there are no specific incentives for self-consumption for new PV systems. 

Recommendations 

Define (reasonable) self-consumption dispositions for newly-connected RES, in order to ensure 
transparent and non-discriminatory planning criteria. Regarding self-consumption on a voluntary basis, 
no further significant contribution can be expected, as the self-consumption effect can be assumed only 
on a statistical basis, therefore at system level, and can hardly help when it comes to granting behaviours 
of few (namely one or two) active customers during the design of a specific connection solution. 
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7.2.4.3 Insufficient DSO access to advanced PV capabilities 

Description 

Most of the functionalities that are required to deliver non-conventional connection solutions are already 
available from a technical point of view. Most of them are also included among the capabilities that 
recently issued national technical standards imply. However, the possibility for network operators to 
access these functionalities is not yet foreseen; on the contrary, Italian technical standards and/or existing 
Regulation specifically prescribe that the use of most of these capabilities must be defined by NRA. 

Technical solutions affected 

All technical solution implying any kind of DSO’s control on PV inverters, namely: 

 Active power control by PV inverter P(U)  

 Curtailment of power feed in at PCC 

 SCADA + PV inverter control (Q and P)  

 Wide area voltage control.  

Voltage levels: 

 LV/MV 

Regulation and normative applicable: 

  CEI 0-16 and CEI 0-21 (National system standards for HV/MV and LV connections respectively) 

 Act 84/12 as modified by Act 562/12, Art. 1 . 

Specific articles:  

 CEI 0-16 (HV/MV connections): articles n. 8.8.5.3, 8.8.6.2, 8.10, I.2, I.3, I.4, N.6, N.8, Q.3;   

 CEI 0-21 (LV connections): articles n. 8.4.4.2, B.1.2, B.1.5, E.2, E.3. 

Recommendations: 

Access to inverters and control over their capabilities must be granted to DSOs. Also in this case, boundary 
conditions must be defined in technical standards (e.g. maximum percentage of yearly hours for active 
power reduction) in order to perform network planning in the most transparent and non-discriminatory 
way. The integration of these capabilities in exiting PV-plant would be possible provided the owners 
receive a refund about the related costs. In general, the availability of these capabilities must become an 
ancillary service and DSOs must manage a wide, reliable and fast communication network between them 
and grid users. 

7.2.4.4 Insufficient framework for Prosumer storage solutions 

Description 

The availability of storage devices that can be jointly operated with generators may contribute to increase 
the penetration of PV due its “smoothing” effect on the net energy flows at PCC. In Italy such practice is 
not forbidden by Regulation nor by technical standards, theoretically resulting in the possibility for PV 
plant owners to install them. However, no rules have been set in order to define the economical 
framework in which the operation of a storage system can be performed by a prosumer. 

Technical solutions affected: 

 Prosumer storage 

Voltage levels: 

 LV/MV/HV 
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Regulation and normative applicable:  

 presently under discussion 

Specific articles:  

 none 

Recommendations 

The whole storage topic needs to be addressed in regulatory terms, defining the economical framework 
for storage use. Technical conditions and standard connections/measurements schemes needed in order 
to ensure storage use compatibility with PV incentives must be also defined. 

7.2.4.5 Insufficient framework for DSO storage solutions 

Description 

The process of charging and discharging of a storage system has implications on the energy market: 
electricity must be absorbed from, and injected to, the network and into the relevant balance groups. As 
DSOs are not market operators, the possibility for them to use storage, the functionalities that can be 
performed through it and the energy economical treatment must be defined by NRA. 

Technical solutions affected: 

All technical solution potentially implying any DSO Storage, namely: 

 Advanced voltage control for HV/MV transformer 

 Wide area voltage control 

 DSO storage.  

Voltage levels:  

LV/MV 

Regulation and normative applicable: 

Italian NRA has approved a set of TSO projects on storage at transmission level; at DSO level no regulation 
is in place, despite the fact that Decree of the Ministry of Economic Development of 05.07.2012 
concerning “incentives for the production of electricity from PV systems” (so-called “Fifth Conto Energia”) 
has introduced the possibility for DSO to install and manage Storage facilities in primary substation in 
order to support RES production. 

Specific articles: 

 Art. 11 of the abovementioned Decree. 

Recommendations 

Roles, rights and limitations of DSOs and TSOs in the use of storage must be clearly defined by NRA. It can 
be reasonably expected that local security-related capabilities should be made available to DSO. 

7.2.4.6 Insufficient framework for Demand Response 

Description 

In Italy DSOs install, own and manage Smart Meters on their networks. The DSO communication 
infrastructure supporting Smart Meter management could eventually be used in Demand Response 
applications, delivering local and/or market price signals. However, presently DSOs are not expected to 
exchange information about energy-related economics (e.g. the price of electricity) with final customers, 
nor distribution network-related services, and their economical treatment, have been defined by 
regulation for passive customers. 
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Existing regulation allows load reduction only for system security reasons (so-called “interruptible” 
customer exist, but their services are only available to the TSO) and not depending on local network 
conditions. Therefore the DSO is not entitled to influence passive customers’ consumption (asking to 
reduce or increase it). 

Technical solutions affected: 

All technical solutions implying DSO exchanging price information and/or signals to customers for 
demand response purposes and technical solution implying DSO affecting customers’ consumption 
directly, namely: 

 Demand response by local price signals 

 Demand response by market price signals 

 SCADA + direct load control 

 Wide area voltage control. 

Voltage levels:  

 LV/MV 

Regulation and normative applicable 

The Italian NRA has defined in 2011, in a recommendation document for the Parliament, the Demand 
Response as a possible intervention to facilitate RES integration in the electric system. Considering the 
complexity of the topic and the strong connection with the future Smart Grids implementation, a detailed 
regulation on Demand Response is still not present; however, thanks to the massive installation of Smart 
Meters all over the Country, Italian protective market customers can already benefit from a basic price 
signal given by a combination of two information: meter readings on different hours always available on 
their meter and fixed prices for different hours fixed by the NRA.  

Moreover different pilot projects led by DSOs are trying to make available to the traders and their 
customers additional metering information on which market players can build advanced price signal 
services. DSOs own the metering data and can also give more information to the prosumers and RES 
producer in order to optimize their production. 

The Italian NRA has defined since 2000s the right for TSO to require load reductions to passive customers 
with > 1 MW.  

Customers’ compensation for this service is fixed by a unique bid auction in which all interested customers 
are involved. 

The following NRA’s resolutions apply: 

 Act 111/06 as integrated and modified by the following 

 Act 187/10 as integrated and modified by Act 212/10.  

No such provisions are presently operating at DSO level. 

Specific articles:  

 art. 1 Act ARG/elt 122/11 

 art. 73.2 Act 111/06 as integrated and modified by the following. 

Recommendations: 

Technical features and market models for Demand Response must be assessed in an organic way as they 
are related to wider objectives than integration of RES. Side effects of Demand Response will be relevant 
for DG as well, but the main focus of Demand Response must be on the benefits on customers’ side. The 
topic is already on the EU agenda and must be developed taking into account the whole picture. In any 
case, enabling factors which are market model-neutral, such as the communication between DSO and 
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final customers, can and should be defined as soon as possible in order to deliver robust solutions in due 
time. 

It cannot be expected that final customers may contribute to network operation in any way except on a 
voluntary basis. However, some provisions could be defined in the regulation about specific behaviours 
that could be asked by a DSO to a final customer in case of local criticalities. 

7.2.4.7 Regulatory frameworks that do not incentivise smart grid development  

Description: Interactive solutions imply the deployment of non-conventional network infrastructures, in 
order to detect specific network conditions, to combine and analyse information arising from different 
points of the electrical system and to react when needed: in other words, a typical Smart Grid 
architecture. Smart Grid development can support PV penetration but, in turn, needs to be supported. 
Regulatory environment in Italy is theoretically favourable towards Smart Grid, as since 2007 an incentive 
for Smart Grid installations was foreseen; however, until now NRA has not yet stated which kind of 
installations and equipment can be considered as “Smart Grid” in a definitive way, and therefore 
incentives only apply to specific innovation projects individually selected by NRA among those focused 
on topics defined case be case by NRA itself. It is true that a Smart Grid reference architecture is not 
universally agreed, but probably some opportunities have been missed in these last two years. 

Technical solutions affected 

All solutions implying interactions between different operators and/or between different installations 
owned by the same operator, namely: 

 Advanced voltage control for HV/MV transformer 

 SCADA + PV inverter control (Q and P) 

 SCADA + direct load control 

 Wide area voltage control 

 Advanced Closed-Loop Operation 

 Demand response by local price signals 

 Demand response by market price signals 

Voltage levels 

 Mostly MV and, only subsequently and to a lesser extent, LV. 

Regulation and normative applicable:  

 Act 348/07, Act ARG/elt 39/10, Act ARG/elt 12/11, Act ARG/elt 199/11 

Specific articles: 

 Act 348/07: Art. 11.4 

 Act ARG/elt 39/10: Art. 6 

 Act ARG/elt 12/11: Artt. 1 & 2, Annex A and Table 1 

 Act ARG/elt 199/11: Artt. 12.4, 12.5. 

Recommendations 

A systemic incentive mechanism for Smart Grid should be defined. This evolution is already foreseen in 
existing regulation and simply needs an exhaustive definition of which kind of equipment can be 
considered as “Smart Grid”-related and therefore incentivised, and what cannot. 
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7.2.5 Conclusions 

PV development in Italy is presently undergoing a transitional phase from an incentive-driven to a market-
driven environment. The amount of new applications for connection, in terms of power, falls quite short 
compared to 2011’s peak of 9 GW, and makes PV integration issues less compelling than it could 
eventually have been in case past years’ trends had been maintained. 

The situation described by the abovementioned scenario allows for a mid-term perspective in developing 
optimal strategies for PV integration and in prioritising barriers to be addressed. 

The targeted scenario implies a Smart Grid architecture supporting effective interaction between DSO 
and PV installations. Overcoming such barriers will at the same time support the delivery of prosumer-
based solutions, such as reactive/active power management according to Q(U), or eventually P(U), 
functions. 

In the meanwhile, a case-by-case utilisation can also be expected for more conventional, non-interactive 
technical solutions, as most of them have already reached an appropriate level of maturity, in order to 
solve specific problems arising locally in MV or LV grid. 

However, the fast dynamics of the industry suggest that a periodical assessment of the described scenario 
must be performed, in order to validate any chosen strategy. 
 



 

 

 

Figure 7.2.3 - Barriers impacting selected technical solutions in Italy 



 

 

7.3 Czech Republic 

Authors: CZEPHO 

7.3.1 Introduction 

In the Czech Republic the support of RES is regulated by the Act on Promotion of the Use of Renewable 
Sources (Act 180/2005 Coll.), which is in compliance with Directive 2001/77/EU. Up to the year 2005, 
legislation on RES support did not take into account the production of energy by PV modules and hence, 
did not contain any incentives for investors in the PV sector. The situation has changed with the 
acceptance of the Act on Promotion of Use of Renewable Sources, where a minimum period of return of 
investment is guaranteed and electricity producers were granted priority access to the grid. Furthermore, 
the law allowed choosing between two basic schemes, i.e. feed in tariff and green bonus. According to 
the Annual Report 2012 of the Energy Regulation Office, covering the period from December 2007 to 
December 2010, the installed capacity of PV in the Czech Republic has grown almost 576 times (from 3,4 
MWh in 2007 to 1959,1 MWh in 2010)48.  

7.3.2 PV Integration in the Czech distribution Grid 

The Czech Republic’s solar market currently supports over 2 GW of cumulative PV capacity across 
approximately 22.000 PV systems. Until the end of 2012, 2086 MWp of solar were installed altogether. 
Solar generation is now approaching 2.45 % of gross electricity (87,6 TWh) production (Source: Annual 
report 2012, ERU). Even though this is still a minor contribution to the overall electricity generation, 
voltage levels detected in the distribution grid led distribution system operators (DSOs) to reduce 
permitted power in some cases, also some voltage and frequency protections needed readjustment.  

 

Year Voltage range 
Energy 

produced 
(GWh) 

Installed 
power 
(MWp) 

Nº 
Installations 

2012 

    

0,4 kV 
(LV) 

237,1 241,9 20376 

22-35kV (MV) 1827 1693,1 1548 

+110 kV 
(HV) 

143,5 131,5 4 

    

Cumulative total, 2012 2.207,6 2.066,5 21.926 

Table 7.3.1 - Photovoltaic installations, Source: Czech Regulatory office ERU 

  

                                                           
48 http://www.eru.cz/user_data/files/statistika_elektro/english/2012/Report_2012.pdf 
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Area49 
Installed PV 

power 
(MWp) 

Number of 
installations 

Urban 158,681 3582 

Semi-urban 675,037 6604 
Rural 

concentrated 1068,809 10455 

Rural scattered 131,257 1284 

Total 2033,785 21925 

Table 7.3.2 - Diversification of PV plants, Source: Czech Regulatory office ERU 

 

In general, no significant problems (i.e. blackouts) regarding the integration of PV systems into the 
distribution grid have occurred thus far.  

However, in the future, the Czech Republic may face several challenges regarding wider integration of PV 
systems into the distribution grid. It will be important for DSOs to actively engage and participate in 
developing the required future infrastructure of the grid in order to accommodate growing shares of PV 
electricity. Furthermore, the local distribution grid’s capacity will need to be increased, especially by 
means of installing medium voltage/low voltage transformers with on-load tap changers. The distribution 
system needs to be reinforced by creating new lines or by increasing their cross-sections. The integration 
of Energy Management Systems may help to predict PV production, the implementation of “Smart Grid” 
principles in the distribution grid and online control of reactive power compensation are important 
solutions that will have to be considered. 

                                                           
49 Area categories were created on the base of qualified assessment derived from the ERU sources. Those 
categories do not exist in the official legislation. 
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7.3.3 Identification of the relevant technical solutions 

Relevant technical solutions 

 

Figure 7.3.1 –Relevant technical solutions for the Czech Republic 

Rationale 

Wide area voltage control is considered not mature yet, the above mentioned “Advanced voltage control 
for HV/MV transformers” is part of this solution. 
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In the Czech Republic, there is no specific investment plan for modernizing the grid, which would favor a 
more decentralized energy production. According to the State Energy Policy, network reinforcement is 
planned till the end of 2030. Such a network reconfiguration involves a massive intervention into the grid. 
It is a time-and cost-consuming action that involves the change of parameters of protections in the 
distribution grid. The reconfiguration disrupts the network concept, which may contractually be bound 
(i.e. companies may have a contract that they are fed by several independent energy sources and the 
reconfiguration may change this). Any such action will encounter resistance from a qualified public. 
Currently, there is no possibility in the Czech Republic that network reconfiguration will be used to help 
solve potential issues caused by PV power-plants in the near future. In relation to the development of 
RES, DSOs use several measures: the short-term ones include changing the tap of the transformer; the 
long-term ones include refurbishment of transformer leads or increase of HV/LV transformers. Even 
though there is a lack of investment plan for network modernization, some measurements are in the 
process of preparation, which should be in compliance with the National Renewable Energy Action Plan.  

7.3.4 Barriers 

7.3.4.1 Rules forbidding RES energy curtailment except for security issues  

Description 

The Energy Act allows using curtailment in case the safety or stability of the grid is endangered. It is not 
explicitly forbidden to curtail RES generators. However, any curtailment, except the condition when 
avoiding emergency situation, must be compensated by the DSO. In reality, according to regulation of the 
Energy Act, this compensation is completed by the national energy operator (OTE) via DSO. 

Remote power regulation has been performed in EON’s DSO region, mainly because of scheduled repair 
works or during backup feeding periods. The determination of compensation for undispatched energy is 
regulated in § 26 par 5 EZ, governed by Decree No. 79/2010 Coll. and its annex 7. The following power 
stages are requested: 100 %, 60 %, 30 % a 0 %.  Large power plant owners have contracts with the 
distribution system operator. In the event of power limitation, compensation is paid as determined in the 
regulation of the Energy Act. DSOs have curtailment as a measure at their disposal. However, because 
penetration of PVs isn’t very high, it is used only in exceptional cases.   

Technical solutions affected:  

 Network reinforcement 

Voltage levels:  

 MV, HV 

Regulation and normative applicable:  

 Energy Act 458/2000 Coll., § 24, 25, 26 par 5 of Energy Act governed by Decree No. 79/2010 
Coll 

Specific articles: N/A 

Recommendations 

Clear guidelines should be established. The curtailment should in any case only be allowed to avoid 
congestion and must be kept as low as possible (≤ 5% of the annual work) and with high restrictions as a 
“second choice” in order to not alienate the market. 

7.3.4.2 Insufficient self-consumption framework 

Description 

In the Czech Republic, there are two basic tariffs for electricity. These are high and low tariffs and their 
time distribution is according to the appliances (accumulation heaters, etc.) used by customers. The final 
energy price for the customer consists of several components: One is the price for electricity given by the 
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market (which is traded on the European spot market) and the regulated component including taxes and 
other surcharges (e.g., a fee for energy distribution and system services, a fee to support RES).  

If someone produces energy and consumes it directly, the regulated component of the retail price for 
every kWh consumed needs to be paid regardless of using the grid or not. Currently, the PV system owner 
is not adequately motivated to self-consume the electricity produced by his system as he has to pay the 
regulated component for the electricity on each kWh consumed.  

The amount that one pays for self-consumed energy is determined by the Czech Energy Regulatory Office 
and is 24 EUR/MWh in 2013 (established by Decree 541/2005). This sum is used as the contribution to 
RES. Just for comparison, the Czech feed-in tariff (so called green bonus) is 98 EUR/MWh from 1.7.2013. 
Since 2014, all incentives are cancelled. 

Technical solutions affected:  

 Self-consumption by tariff incentives  

Voltage levels: 

 LV/MV 

Regulation and normative applicable:  

 The Act on supported energy sources 165/2012 Coll. sets the conditions for supporting 
renewables and requirements for connecting energy power plants to the grid. 

 Furthermore, Energy Act 458/2000 Coll. sets requirements for connection of the energy power 
plants. 

 The law refers both to the ERU Decree 51/2006 on conditions for access to the electricity grid 
and to the rules for the operation of the distribution system (PPDS) and for cooperation and 
coordination between electricity market participants. 

 Rules for billing of system services and rates for the Market Operator are set in the Decree No. 
541/2005 Coll., The Electricity Market Rules. 

Specific articles: 

 Energy Act 458/2000 Coll. § 3 Energy business 

 Act on supported energy sources 165/2012 Coll. § 4 The support of electricity from renewable 
sources 

 Decree No. 541/2005 Coll. § 27 Transmission of bill payment and payment for the provision of 
system services 

Recommendations 

There is a necessity to develop regulations supporting self-consumption. Currently, the producer is 
obliged to pay high fees for self-produced energy consumed on-site. Self-consumption is not promoted 
under the current regulatory scheme in the Czech Republic. According to legislation, the PV sources are 
not divided by purpose (i.e., home - for lowering energy bills / business - for export of energy) in the Czech 
Energy Act. 
Therefore it is important to approve new regulation supporting self-consumption, defining the rules, 
obligations and rights for the net balance and promoting self-consumption by tariff incentives. The 
producer should not be obliged to pay for self-produced energy that has not flown to the public grid. 
The Act on supported energy sources should favour installations that include solutions for increasing 
self-consumption. The solution should also not handicap “clean consumers”, as the “prosumer” is using 
the service of the grid (even with zero demand).   

7.3.4.3 Insufficient DSO access to advanced PV capabilities 

Description 

The DSO access may be applied to new installations with modern inverters only. Access to inverters and 
control over their capabilities must be granted to DSOs. Also in this case, boundary conditions must be 
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defined in technical standards (e.g. maximum reactive capabilities that can be asked to inverters) in order 
to perform network planning in the most transparent and non-discriminatory way. According to the 
applicable rules, all inverters must allow remote control since 2011.  

Should a larger PV plant be connected to the grid (the power limit may vary according to local-specific 
situation in the grid), then the standard limit for the power factor ±0,95 may not be sufficient. In order 
not to increase the voltage level above the limits, a change in the rules of operation of the distribution 
system (with the consent of the Energy Regulatory Office) would be necessary.  

Currently, the advanced capabilities are not used by DSOs. The investors are also not motivated to use 
modern inverters. Currently, the output power control for installations over 100 kWp must be ensured, 
for installations from 30 kWp to 100 kWp the communication solution with the DSO must be prepared. 
Small installations with installed power below 30kWp currently do not need to have a communication 
channel with the DSO. 

Technical solutions affected:  

 Reactive power control by PV inverter Q(U) Q(P) 

 Active power control by PV inverter P(U) 

 Curtailment of power feed in at PCC 

 SCADA + PV inverter control (Q and P) 

 Wide area voltage control. 

Voltage levels:  

 LV, MV 

Regulation and normative applicable:  

Specific articles: N/A 

Recommendations 

If the investor installs solutions (i.e. inverter with remote control) that allow the DSO to curtail his 
production, then he should on the other side have a benefit in the possibility to install higher power than 
he would normally have. Currently, the legislation unfortunately does not plan to use curtailment in order 
to increase capacity of the grid. DSO is being penalized for curtailment (the DSO bears the compensation 
costs). 
 

7.3.4.4 Insufficient framework for Prosumer storage solutions 

Description 

There are no regulations allowing and promoting the installation of energy storage systems. The use of 
storage, together with Energy Management Systems would enable constant generation (several step 
performance according to the production diagram). All installations connected to the grid are subject to 
the same rules, in case of hosting capacity lack in the grid the connection is rejected regardless of whether 
the installation is equipped with a storage system and a device disallowing surplus energy to be fed to 
the grid. 

The energy accumulation changes the character of the energy demand. In order to evaluate the influence 
on the grid, specific regulations of rules for the operation of the distribution system (PPDS) apply. But 
there are currently no rules, not technical, nor economical for the further use of that accumulated energy 
(i.e. selling to other users, etc.) 

Technical solutions affected 

 Prosumer storage 

 Self-consumption by tariff incentives 

Voltage levels 
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 LV 

Regulation and normative applicable 

 Energy Act 458/2000 Sb. sets requirements for connections of the energy power plants. 

 Act on supported energy sources 165/2012 Coll. sets conditions of the support of the 
renewables and exact requirements for connections of the energy power plants. 

Specific articles 

 Act on supported energy sources 165/2012 Coll. § 4 The support of electricity from renewable 
sources 

Recommendations 

Approve new regulations for applying energy storage systems and promote their installation by tariff 
incentives. The Act on supported energy sources should favour installations equipped with energy storage 
solutions with energy management systems. Public administration should focus on the EU projects, 
especially from operational programs of the Ministry of Trade and Industry and Ministry of Environment 
aimed at energy savings within the buildings, in order to promote the significance of the RES. The 
outcomes of the projects should then be used as a basis for newly proposed legislation. 

 

7.3.4.5 Insufficient framework for DSO storage solutions 

Description 

Our electrical grid is heavily centralized. In order to implement DSO storage, the network would have to 
become partially decentralized - the municipality would have to become (partially) independent in terms 
of energy management and decision making. The municipalities then have the motivation and possibility 
to even think about storage solution. But currently, this is far too expensive. We see the solution in the 
combination of more renewable energy sources (volatile & fixed), together with some control system 
above all that. 
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7.3.4.6 Insufficient framework for Demand Response   

Description 

In the Czech Republic, legislation currently does not recognize the term “demand response”. This concept 
is under discussion among DSOs. For the time being, DSOs use ripple control (HDO) as the way to control 
demand. 

Technical solutions affected 

 Demand response by local price signals 

 Demand response by market price signals 

Voltage levels 

 LV, MV 

Regulation and normative applicable 

 Energy Act 458/2000 Coll 

Specific articles 

 Directive Functional reference architecture for communications in smart metering systems, 
CEN/CLC/ETSI/FprTR 50572:2011 

Recommendations 

Many investors/producers do not have smart meters or ripple control systems. If there is not a 
government promotion to install these (or more clever solutions), then it is difficult to move toward smart 
grid concept. Or at least to build a network that would be able to react for example to price signals. 

 

7.3.4.7 Regulatory frameworks that do not incentivise smart grid development  

Description  

The support of the Smart Grid concept currently depends only on the DSO. There is no binding legislation 
forcing DSO into the SG concept.  

Technical solutions affected 

Voltage levels 

 LV/MV/HV 

Regulation and normative applicable 

 Energy Act 458/2000 Coll., National Action Plan 

Specific articles 

Recommendations 

A Smart grid concept should be defined in the national action plan (NAP) and in the national energetic 
concept (the plan of grid and infrastructure modernization for the following year). 

The Energy Act should include the obligation for the DSO to plan for and build upon the smart grid 
concept. 

In the Czech Republic there is a centralized transmission system. To change the conditions for smart grids, 
the transmission system should be primarily decentralized. After decentralization, the local 
administrations should have a right to control their parts of the transmission system. 
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7.3.1 Conclusions 

Since 2006 the PV sector in the Czech Republic has experienced strong technology developments. 
Because of the political support, investors have benefited from a favourable legislative environment. 
However, the same political pressure, which in the past helped to develop the PV business, is nowadays 
supporting the process of gradual reduction of RES industry by means of reversal of effective legislative, 
especially changing the conditions of incentives, which were one of the main reasons for investors to 
enter the PV sector.  

Regarding the barriers, it is important to set up a functional communication network between PV 
producers, DSOs and the Energy Regulatory Office, as they are the main stakeholders that should be 
engaged in developing the conditions for curtailment, smart grids and storage.  

After the RES support scheme was ceased, the government is now planning to improve the conditions for 
connection and operation of those PV plants, which ran out of any kind of public financial support. It is 
also planned to simplify the acts, which will stimulate the growth of the sector in an incentive-free 
environment not offering any financial support. The development of bigger installations is not expected 
in the foreseeable future, the development of smaller rooftop installations seems more realistic at this 
point. Also alternative possibilities of non-financial support are discussed, mostly net-metering. 
 



 

 

 

Figure 7.3.2 - Barriers impacting selected technical solutions in the Czech Republic 



 

 

7.4 Spain 

Authors: UNEF, IIT-Comillas 

7.4.1 Introduction 

Spain attained 12% primary energy from renewable sources in 2012 - two years beyond the initial target 
year of 2010 - with  renewables meeting 38% of electrical power demand, compared with the 24.3% of 
only 5 years earlier. In particular, photovoltaic (PV) systems achieved 4.6 GW of installed capacity, most 
going up over the past ten years. There are now approximately 60 thousand PV systems, distributed at 
different voltage levels, most of them in the LV and MV levels. The growth in PV systems in Spain has 
varied across the different autonomous regions. While in 2012 PV power covered 3,2% of total electricity 
demand on average, Extremadura region covers more than 20% of its own demand, and Castile-La 
Mancha more than 13%. Most PV arrays in Spain are located close to major transmission network nodes. 
Large arrays make up most installed PV power in Spain, though there are plenty of small systems also. 

There are a number of technical standards and other requirements for connecting PV installations, such 
as saturation constraints on power lines and transformers, limitations on short-circuit power at the point 
of connection, telemetry, assignment to control centres, and even requirements for withstanding voltage 
dips. This implies that the network is largely protected from issues arising from integration of solar PV 
power. And, for the time being, there is no excessive PV saturation on the network. It is possible to reach 
significant PV penetration levels higher than those in Spain right now, if we take into account EPIA 
scenario calculations (15% of the electricity demand covered by PV by 2030 and up to 25% if a real 
paradigm shift occurs, see www.connectingthesun.eu). 

One important factor to be taken into account is that in recent years, electricity demand has been 
decreasing while installed power generation has increased. Most of the daily network operation problems 
are those related to voltage. Conventional voltage regulation strategies in LV and MV grids must be 
revised due to the effect of distributed generation. This problem is more challenging when the distance 
from the substation to the PV plants is higher. 

7.4.2 PV integration in the Spanish Distribution Grid  

To understand the Spanish case, it is necessary to provide a bit of historical background. National installed 
PV capacity at the end of 2012 was 4.492 MW (CNE Electric Power Report, April 2013), 97% of the power 
was installed in the previous seven years, and 60% of it was installed in 2008. Growth, therefore, has not 
followed a steady development. 

Although the first PV plants are from earlier dates (very few), progress started with the creation of the 
Special Regime and the Electricity Sector Law 54/1997. After that, and especially with the subsequent 
support of the Royal Decree (RD) 2818/1998, which established the premium tariff incentive system, the 
capacity of the PV sector began to increase. Strategic actions, such as the Renewable Energies 
Development Promotion Plan and then the RD 1663/2000, which, simplified procedures for connecting 
facilities, increased the sector's the growth rate.  Installed capacity really began to take off with the 
promulgation of Royal Decree 436/2004—setting PV plant off-take rates—together with the Renewable 
Energies Plan 2005-2010. 

The most striking change did not come, however, until RD 661/2007, which provided attractive 
investment conditions and spurred a drastic growth in new PV generation capacity. Indeed, growth was 
such that a year later RD 1578/2008 was passed clamping a quota on new capacity installed under the 
previous decree in order to restrict the installation of new facilities. According to CNE, 2,707MW was 
installed in 2008. 

CNE calculated 60,330 photovoltaic facilities existed in Spain by April 2013. Of those, most facilities 
(46,192 in all) are in the 5-100kW range, of which 80% fall under the RD 661/2007 regulation. The next 
numerous group (13,163 facilities) comprises systems rated below 5kW, 95% of which fall under the RD 
661/2007.  Far behind (with 645 facilities), is the 100kW-1MW group, most falling under RD 1578/2008. 
The total number of facilities above 1MW is 330, of which 194 are in the 1-2MW range, 77 in the 2-5MW 
range and 59 above 5MW. 

http://www.connectingthesun.eu/
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Another important aspect of the recent round of new regulations is RD 1/2012, which closes the pre-
allocation register and ends economic incentives for new energy generation facilities using renewable 
sources. 

Saturation problems 

The electrical grid in Spain is characterized by not having saturation problems. That is largely due to 
exacting technical requirements. For this reason, there are few problems regarding reverse load flow for 
small generation systems connected to the medium and low voltage networks. And in regions where 
production is significant, there is a higher incidence of operators directly feeding high voltage networks. 
In Spain, power demand has decreased while total generation and transport capacity has increased. The 
costs driven by the integration of PV have been very significant. 

The map below shows the spatial distribution of PV capacity in Spain and how installed PV capacity is 
higher where there is greater solar resources (i.e. in the south). 

 

Figure 7.4.1 – Photovoltaic power connected by Autonomous Communities. Source:CNE, UNEF 

The structure of the distribution market in Spain is shown in Figure 7.4.2: 

 

Figure 7.4.2 – Distribution System Market Structure in Spain. Source:REE 

Source: CNE
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Saturation of the electrical grid 

In Spain, most PV arrays are connected to the MV (from 1kV to less than 36kV) and LV (less than 1 kV) 
portions of the distribution grid. A minority of them are connected to the HV grid (higher than 36 kV). 

 

Year Voltage range 

Energy  
produced 

 (GWh) 

Installed 
power 
(MW) 

Nº 
Installations 

2012 

0≤KV<1 2.854 1.608 34.158 

1≤KV<36 3.855 2.138 19.570 

36≤KV<72,5 1.004 523 4.411 

72,5≤KV<145 
271 142 855 

145≤KV≤400 
147 81 771 

Total 2012 8.130 4.492 59.765 

Table 7.4.1 - PV installations in Spain by voltage level (Source: CNE) 

Technical requirements for connecting PV systems to the grid 

The following technical and regulatory provisions apply to the connection of PV and other RE technologies 
to the distribution grid: 

 The operation of all Special Regime generators should, at any point in the distribution grid, 
ensure that the voltage does not vary more than 7% of the nominal grid voltage; 

 Connection or disconnection of the installation should not cause variations higher than 5% of 
the voltage at the connection point; 

 At any point between the LV side of the transformer and the connection point, the sum of all 
the power from all Special Regime technologies connected to the same line, should not exceed 
50% of the thermal capacity of the line. This thermal capacity is set by the weakest point of the 
line and takes into account the restrictions of the protection systems as well; 

 The sum of the power of all the installations that belong to the Special Regime and connected 
to a MV/LV transformer cannot exceed 50% of the transformer's capacity. All producers are 
considered, whether they are directly connected to the low voltage side of the transformer or 
through other low voltage lines; 

 The power of an installed PV system must not exceed 5% of the short circuit current at the 
connection point; 

 The sum of current from all installed Special Regime capacity connected to the same MV/LV 
transformer must not exceed 5% of the short circuit current of the low voltage line; 

 The connection to the grid of a PV system must not disturb normal network operations or affect 
in any way the quality of service. Royal Decree 1565/2010 established New Technical 
Conditions for photovoltaic plants in operation: 

 All PV installations or groups of installations with an output exceeding 10MW (in islands this 
power limit will be 1MW), must be controlled by a control centre.  

 All installations with installed capacity greater than 1 MW, must send data telemetrically to the 
system operator in real time. The obligation of assignment to a generation control centre and, 
if necessary, telemetric connection to the system operator, was a necessary condition for 
receiving the feed in tariff. 

 PV systems or groups of PV systems totalling over 2 MW in installed capacity must comply with 
the System Operator's PO 12.3 operation procedure, which sets some requirements for 
responding to voltage dips. 
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Occurrence of reverse power flows 

Despite the fact that reverse power flows from the LV to the HV windings of the transformers have been 
detected, this has not caused saturation (either regarding the transformers' maximum capacity or grid 
capacity) thanks to the requirements listed above.  

Given all the measures described above, it is difficult for saturation to occur. Nevertheless, the electrical 
companies report there to be a few cases of saturation, arising from the special characteristics of different 
parts of the grid in each specific case. The existing distribution network, however, is designed to respond 
to peak power flows that occur for roughly 10-100 hours a year. Consequently, providing the DSO with 
enhanced control mechanisms for reducing those peaks could yield more efficient network development, 
as well as increased and easier PV penetration in Spain. 

 

Figure 7.4.3 - Evolution of annual PV coverage of spanish electricity demand. Source:CNE, UNEF 

Photovoltaic energy production 

It should be borne in mind that PV production is still not significant relative to total Spanish electricity 
demand. PV coverage is defined as that share of total electricity consumption covered by PV production. 
During 2012 the PV sector covered 3.05% of consumption. July 2012 was the highest month in terms of 
PV coverage (4.21%) and on 27 May 2012 the daily record was set at 6%. 

These figures show that PV coverage ratios increased from 2007 to 2009 and then stabilised, due the 
problems facing new installed PV capacity in Spain. 

 

Figure 7.4.4 – Monthly evolution of the PV coverage in the spanish electric demand. Source:CNE, UNEF 

PV coverage in Spanish Regions 

It is worth mentioning that PV coverage can vary significantly across regions in Spain. In Castile-La 
Mancha, for example, this ratio reached 13% in 2011 and the maximum value attained was 20% in 
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Extremadura. In the rest of Spanish regions, PV coverage is generally around 5%. In the southern part of 
the peninsula, and in the Canary Islands, it is possible to achieve a higher energy production due to the 
higher solar radiation compared to the rest of Spain. Broadly speaking, the potential for PV penetration 
growth can be considered significant, taking into account the maximum PV coverage found in some 
Spanish regions. 

 

Figure 7.4.5 – Regional PV coverage 2011 and 2012.  Source: UNEF 

The map below shows the areas with deeper PV penetration. Note that these places not only have higher 
radiation levels but also are generally close to high voltage lines facilitating the PV grid connection (Figure 
7.4.6). 

 

Figure 7.4.6 - Figure 4 Spanish PV production areas. Source: REE 

Electricity demand decline 

Another issue arising in recent years is the fall in (see Figure 7.4.7) while total generation and transmission 
capacity have grown. As a result, reverse power flows have intensified mainly in areas where energy is 
demanded at different times to energy generation (e.g. across lines that feed nightime water irrigation 
pumps). The current scenario is marked by a combination of both the PV installation boom of 2008 and 
the subsequent economic crisis. There has been an increase in distributed generation (DG) while demand 
has not only stabilised, but even decreased. In this new situation, the distribution networks require 
planning to cope simultaneously with two scenarios: 

 Peak demand and minimum generation 

 Maximum generation and minimum demand 

PHOTOVOLTAIC GENERATION
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This challenge is exacerbated by the fact that nowadays neither DG nor demand can be managed by DSOs 
in any way. 

.  

Figure 7.4.7 - Spanish electric system evolution on percentage. Source: REE 

The costs of PV integration 

In 2008, it was found that distribution companies investments in electricity networks deriving from PV 
connections (such as grid reinforcements and line ring closures), represented approximately 150,000 
€/MW. This is an unpublished figure from the PV LEGAL project, but it was extracted as an approximation 
of data interviews performed by ASIF. PV developers paid for those investments in their entirety.  

Now, PV systems that are being installed today are small and medium-sized, and they do not require high 
investment in grid infrastructure. The most common problems in daily operations are those related to 
voltage. Conventional voltage regulation strategies in LV and MV grids ought to be revisited due to the 
effect of distributed generation. The higher the distance from the substation to the PV plant, the more 
challenging this problem is. The conventional voltage control method is based on defining a voltage set 
point at the HV/MV transformer or a value that indicates the proportion by which the transformer voltage 
increases or decreases as a function of the load. This is sometimes insufficient due the scarcity of MV/LV 
transformers that can be regulated under on-load conditions. 

The main challenge for all countries is that the current networks were planned for a scenario without DG 
and are therefore ill-prepared for the new scenario where networks do have to deal with DG. For 
example, the tap relations of MV/LV transformers were designed for a load scenario in which the 
problems were only at low voltages. These taps were conceived, in principle, to raise voltage but now the 
transformers have to deal with DG under scenarios in which the problems are caused by overvoltage. 
Moreover, DSOs do not only have to deal with overvoltage caused by DG, but also with those stemming 
from the transmission grids—which affect the distribution network as well. The fact that the many 
capacitors installed across the distribution grid are now rarely used clearly illustrates how DG has changed 
the paradigm of voltage control for DSOs.    

CONCLUSIONS 

PV penetration in Spain is still low. Covering a little over 3% of total electricity demand, it is clear that 
there is still a high potential for growth. The European Photovoltaic Industry Association EPIA believes 
that PV penetration could reach an average of 12% in 2020 across European Countries. That percentage 
is very difficult to achieve in the case of Spain due to new laws that have appeared preventing the 
development of virtually all types of PV installation. Nevertheless, it remains to be seen what other 
changes will come in the seven remaining years to 2020.  
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It has not yet been possible to reduce the barriers to greater penetration in the network, except for PV 
systems with capacity below 10 kW, in accordance with Royal Decree 1699/2011. The government has 
increased the technical requirements of network connection (telemetry, assignment to control centres, 
voltage dip compliance). New requirements for the near future could increase the technical capacity, and 
make the grid more robust for increased future penetration of renewable energy in general, and PV in 
particular. 



 

104 / 120 

 

7.4.3 Identification of the relevant technical solutions  

Relevant technical solutions 

 

Figure 7.4.8 – Relevant technical solutions for Spain 
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Rationale 

As in other countries, demand response and advanced closed-loop operation are not considered to be 
very effective solutions at both LV and MV levels. In the case of demand response the cost can be higher 
than that of other solutions, while having only moderately resolving voltages and congestion problems. 
In any case, the technology is not readily available. The benefits of advanced closed-loop operation 
solutions for voltages and congestions are not expected to compensate the considerably high complexity 
they bring to network operations. 

7.4.4 Barriers 

7.4.4.1 Rules forbidding RES energy curtailment except for security issues 

Description  

The TSO is allowed to exercise curtailment of energy from renewables in Spain in emergency situations 
only. PV production can therefore be curtailed only for transmission system security reasons, and not in 
the case of local voltage or load constraints. The DSO can make a request to the TSO for curtailment but 
only for installations rated higher than 10MW, whereas most of the installations connected to the 
distribution networks have a lower capacity. 

Technical solutions affected:  

 Curtailment of power feed-in at PCC 

 Active power control by PV inverter P(U)   

 SCADA + PV inverter control (Q and P) 

 Wide area voltage control 

Voltage levels: 

 HV/MV/LV  

Regulation and normative applicable:  

 Operational procedure 3.2 Resolution of technical constraints (Resolution of August 10, 2012 
of Red Eléctrica Española, BOE 10/08/12) 

 Operational procedure 3.7 Programming of the renewable non controllable generation BOE 
(Official State Bulletin, Resolution of August 1,2013, BOE 09/08/13 

 BOE (Official State Bulletin, Resolution of May 18, 2009, BOE 28/05/09 
Specific articles: 

 P.O. 3.2. Art. 3.4.1.1.5.2 For solving congestions, the reduction of production is to be made in 
the following order: (1) ordinary production (2) non renewable controllable production from 
the special regimen (3) renewable controllable production from the special regimen (4) non 
renewable non controllable production from the special regimen (5) renewable non 
controllable production from the special regimen (curtailment)  

 P.O. 3.7. Art 2. This applies to renewable and non-controllable facilities or set of facilities with 
a power rating higher than 10MW. Art 4. The reduction of power will be ordered for situations 
which pose a risk to supply quality and continuity, and only when there are no other ways to 
avoid the risk in real time or with adequate advanced notice. The system operator can, under 
request, distribute the orders of the DSO. 

Recommendations 

Currently, curtailment is accepted in emergency situations, to ensure secure operation of the system. 
Thus, curtailment can only be carried out by the TSO in plants above 10MW. A DENA distribution grid 
study indicates that curtailing small quantities of energy a year could also facilitate a significant increase 
in the amount of PV capacity capable of being integrated into the system, as these networks are usually 
at peak capacity for only 10 or 100 hours a year. It would be very useful to clip this peak power as it is the 
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main cause of grid investments requirements. In short, curtailment in this case would be conceived as an 
alternative to DSO investments.  

Careful analysis is therefore needed regarding whether slightly increasing the conditions for PV 
curtailment would be beneficial and taking into account the PV penetration as a whole and not just what 
is best for a single installation. This would require establishing mechanisms for compensating the PV agent 
for the curtailment; for example with contracts between the DSO and PV agents, offering some kind of 
financial compensation and providing the DSO with some kind of operation flexibility. 

7.4.4.2 Insufficient self-consumption framework 

Description 

In Spain, the current connection possibilities of a PV installation for instantaneous self-consumption 
purposes are set by Royal Decree 1955/2000 and Royal Decree 1699/2011. 

As per Royal Decree 1955/2000, the conditions are as follows: 

 The regulation is applicable to installations with MV supply, regardless of the power 
contracted. 

 The regulation is developed explicitly for the purpose of not selling the surplus energy to the 
grid. 

 The PV system has to be connected to the same point and voltage level as the supply. 

 The local administration and the distributor have the authority to take the measurements in 
LV, in order to reduce the execution costs and terms. 

The PV system may be provisionally authorised pending final approval from the Ministry of Industry 
(MINETUR). Such kind of installations is only possible for an energy efficiency project, and it is authorised 
by the General Manager on Energy Policy and Mines of the Ministry of Industry. 

As per Royal Decree 1699/2011, the conditions are as follows: 

 The regulation is applicable to installations below 100kW. 

 The PV system can be connected to an internal grid, close to the consumer's entry point if it is 
LV. However, Art. 18.3 clearly states that generation and consumption shall be independent 
and have independent metering. Therefore this does not allow net-metering. 

 The PV system can be connected to the LV side of the connection point transformers as long 
as the consumer has a Medium Voltage contract. 

The main barriers to a net metering regulation (Royal Decree) is that it requires: 

 Establishing the toll rates for the use made of the grid system 

 Removing the 100kW power contract restriction and accepting connection in MV, not just in 
LV 

 For installations of more than 100kW installed PV power 

 Allowing net metering, and in the future shared net metering  

 Simplifying the administrative procedures of RD 1699/2011 

Without these changes, the projected growth is minimal. 

In recent years, the Spanish government and other electricity sector stakeholders have been working on 
the draft of a Royal Decree establishing the framework for self-consumption and net-metering. However, 
the latest draft of the Decree, introduces a new backup toll, which penalises energy self-supplied and 
consumed instantaneously. Moreover, the new draft contains no reference to net-metering proper, 
which had been expected in this new regulation. Instead, it makes provisions for hourly net-metering 
(subtracting the energy produced from the energy consumed), far removed from regulations in other 
countries. 
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Also, due to the backup toll, self-consumption PV systems are no longer profitable, even when such 
systems produce at a lower price than the rate utilities charge their customers. 

So, unlike regulations developed in other countries, which are recognising the benefits of net metering 
for distributed generation, regulations in Spain are causing a complete shutdown of the photovoltaic 
industry. Particularly damaging is the creation of the concept of the "backup toll" which, in practice, is 
excessive and makes self supply unfeasible. These tolls cannot be justified, as there is already a fixed term 
network access toll for grid availability. 

Technical solutions affected:  

 Network reinforcement 

 Prosumer Storage 

 Self-consumption by tariff incentives 

 Demand response by local price signals 

 Demand response by market price signals 

Voltage Levels:  

 LV/MV/HV 

 The technical criteria in RD 1699/2011 for connecting PV apply only to systems of up to 100kW 
in LV.  

 RD 1955/2000 permits connection in MV and HV but a specific framework is still needed. 
Rules and Regulations applicable: 

 RD 1699/2011 

 RD 1955/2000 
Specific articles: 

1. In case of RD 1699/2011, the following articles are relevant: 

Article 2. Scope. The current royal decree will apply to installed capacity within the ordinary and special 
regimes with power not exceeding 100 kW (...), in either of the following two cases: 

a When connected to distribution lines with voltages not superior to 1 kV, either directly or 
through a consumer's internal grid. 
b When connected to the LV side of a consumer's internal grid transformer connected to the 
distribution grid, where voltage is below 1 kV and provided that the power generation connected 
to the grid is below 100kW. 
 

2.  In the case of RD 1955/2000 the following articles are relevant:  

 Twelfth additional provision of RD 1955/2000. Consumers also generating their own electricity 
may be paid for any excess power fed into the grid providing they cannot consume it 
themselves and that they have adopted power efficiency and saving measures. 

Recommendations 

New norms are needed for self-consumption with net-metering that do not prejudice the rules 
defined in RD 1699/2011 for instantaneous self-consumption. The government's new Royal Decree 
proposal needs amendment regarding self-consumption, as the current draft: 

 Introduces a new backup toll which penalizes self-supplied energy instantaneously consumed 
by the owner  

 Does not include net-metering 

 In LV, restricts self-consumption to consumers with power contracts of up to 100kW only  

 For installations of more than 100kW installed PV power 
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All this would mean a new period of several years in which self-consumption would not be profitable. 

7.4.4.3 Insufficient DSO access to advanced PV capabilities 

Description 

In Spain the TSO has direct telemetric communications with DG facilities greater than 1MW. But the DSOs 
do not receive the telemetric data and have no control over those facilities. The TSO does not retransmit 
the data telemetrically to the DSO.  A better approach would be for the DSO to receive telemetric data, 
as the point of connection for PV systems is usually on the distribution network. Then the DSO would 
resend this telemetry to the TSO, resolving the problem of coordination between the two bodies. 

Another important problem is reactive power control, which could be used to reduce voltage problems 
in low and medium voltage grids. And this is a function that could be controlled by the DSO through 
telemetry. 

Technical solutions affected:  

 Reactive power control by PV inverter Q(U) Q(P) 

 Active power control by PV inverter P(U)   

 Wide area voltage control 

 SCADA + PV inverter control (Q and P)   

Voltage levels:  

 LV/MV/HV 

Regulation and normative applicable  

 RD 661/2007 

 Royal Decree 1565/2010, November 19th, which regulates and modifies certain aspects related 
to the special regimen of electricity production 

 Operational procedure 7.5 regarding a voltage control complementary service for the special 
regime. 

Specific articles: 

 RD 661/2007 Art. 18.d All the special regime generation facilities with a power capacity higher 
than 10MW will be assigned to a generation control centre. That centre will act as an 
information exchange with the system operator, sending real time information regarding 
facility operations and executing system operator instructions. 

 Resolution 27 Oct. 2010 (BOE 28.10.10): Systems with a power greater than 1MW that are not 
assigned to a control centre shall send telemetry of their net production in real time to the 
TSO. 

 Art. 29. For special regime generation facilities, a complement and penalization for maintaining 
and failing to maintain a certain power factor it is applicable. The obligatory range is from 0.98 
capacitive to 0.98 inductive. (Annex V). There is an incentive for remaining in the 0.995 
capacitive to 0.995 inductive range. The facilities may receive instructions temporarily 
modifying the range according to system need. In that case, operators receive the maximum 
incentive. Instructions may be relative to following reference voltages in a certain electrical 
node. 

 Proposal P.O. 7.5. Generation facilities with a power rating higher than 10MW in category A, 
shall maintain the voltage as instructed in real time. 

Recommendations 

Given that a considerable amount of installed PV capacity is connected to the distribution grid—managed 
by the DSO—the telemetry of the DG installations should also be provided to the DSO.  Some kind of DSO 
control over facilities would be desirable (measuring the voltage, energy evacuated, and reactive power, 
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and in some cases control over the interconnection), in particular with regard to the technical solutions 
already identified. That would facilitate massive DG grid penetration. 

Furthermore, it is advisable to specify more complex forms of reactive power control—other than merely 
controlling the power factor—through contracts between the DSO and DG operators, or through specific 
operational procedures. Generation facilities connected to the distribution networks should be able to 
respond to DSO control, and not just to TSO orders. 

The problem of coordination between the TSO and DSO is in need of a solution. 

7.4.4.4 Insufficient framework for Prosumer storage solutions 

Description 

Storage technology can greatly complement installed PV capacity by compensating the inherent 
fluctuations in PV production. It can also bring improvements to self-consumption set ups. However, 
storage is forbidden for PV systems connected to the grid.   

With increasing variability of power production, the demand for flexibility options within the power 
supply system rises. Prosumer storages could help make production peaks less severe and also boost self-
consumption systems.  

In Spain, there are direct regulatory barriers preventing the use of prosumer storage (RD 1699/2011) for 
PV systems connected to the grid. It is important to eventually overcome that barrier to be but, for the 
time being, the costs of storage systems are still too high to bring any economical improvements to self-
consumption systems. Economies of scale would help reduce storage costs. A broader use of prosumer 
storage systems will eventually provide an effective test sample for evaluating their potential for 
increasing the number of self-consumption systems across the grid. 

Technical solutions affected:  

 Prosumer storage 

Voltage levels:  

 LV/MV/HV 

Regulation and normative applicable  

 (1) Royal Decree 1699/2011, November 18th, that regulates the connection of small electrical 
energy generation installations to the network 

Specific articles: 

 (1) Art. 11. There can be no storage system between the generator and the meter. 

Recommendations 

The recommendation is very clear: allow the installation of storage elements in systems connected to the 
grid  

7.4.4.5 Insufficient framework for DSO storage solutions 

Description 

The problem in Spain is that storage is not possible. Existing regulation prohibits the DSO from developing 
that function. 

Spanish law, specifically Article 9 of the Electricity Sector Law 54/1997, does not permit power storage by 
distributor or transmission operators. Nevertheless, it seems generators and managers of system loads 
are allowed to use storage. 

Moreover, within the European Union, distributor and transmission operators cannot use electrical 
storage either, as stated in Directive 2009/72/EC concerning common rules for the internal electricity 
market. Article 26 of that Directive, on the separation of distribution managers, does not allow distributor 
or transmission system operators to use electrical storage functions. 
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Technical solutions affected:  

 DSO storage 

Voltage levels: HV/LV/MV 

Regulation and normative applicable:  

 Spanish Law 54/1997 of the electricity sector 

 Directive 2009/72/EC concerning common rules for the internal electricity market. 

Specific articles:  

 Article 9 of Law 54/1997 

 Article 26 of Directive 2009/72/CE  

Recommendations 

In Spain, neither producers nor consumers are designated the role of electrical energy storage, since the 
functions of each are as follows: 

 Power generators: those natural or legal persons whose function it is to generate electricity, as 
well as to build, operate and maintain the production facilities 

 Consumers: natural or legal persons who acquire energy for their own consumption 

It is therefore necessary for the law to clarify who should carry out the function of electricity storage in 
the transmission and distribution networks.  Incentives should also be set for this function. 

7.4.4.6 Insufficient framework for Demand Response   

Description 

As the electricity system does not store electricity, generated power is produced and adjusted to meet 
real-life market demand.  In Spain, it is the Electricity Sector Law that dictates the provisions for 
establishing grid tolls, derived partly from the costs of regulated activity, including permanent costs and 
the costs of diversification and supply security, with electricity demand being adjusted where necessary.  

To facilitate electricity demand management, there is an incentive for consumers opting to adjust 
demand to available supply. The first step towards reducing the electricity bill is to study the possibility 
of adopting time-of-use (TOU) pricing. Another demand management tool is the so-called 
"interruptibility" system, by which certain industrial consumers receive compensation for accepting 
interruptions to electricity supply). 

The TOU bonus established in the current tariff structure takes into account the varying cost of power 
generation in different periods throughout the day. The main aim of this is to smooth the daily load curve 
and national grid operations.  

A two-period tariff option is available in the case of domestic customers. Non-domestic consumers may 
opt for three or more different tariff periods.  

The aim is to change certain habits, shifting consumption to different off-peak periods (with the tariff 
varying according to the period), though the method does not always provide sufficient flexibility in 
certain cases (local, regional).  

In Spain there is also a series of bonuses paid to large power consumers connected to high-voltage 
services—mainly industries and other large companies—in return for "interruptibility", by which the 
system operator can cut power supply when it needs to do so. The problem with that mechanism is that 
it is used very infrequently and so effectively represents little more than an additional source of income.  

Interruptibility is managed by the transmission system operator (TSO) and acts as a frequency control 
mechanism usually in the transmission system. It would be very useful, however, if the distribution system 
operators (DSOs) could apply this type of mechanism to in the distribution network. If extended to 
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distribution, interruptibility could provide a much more effective response to demand, helping avoid 
congestion or voltage problems 

Technical solutions affected:  

 Demand response by local price signals 

 Demand response by market price signals 

 SCADA + direct load control 

 Wide area voltage control 

Voltage levels: 

 LV /MV/ HV 

Regulation and normative applicable:  

 Order IET/1491/2013, Order ITC 2370/2007, modified by Order ITC/1857/2008, Order 
ITC/3801/2008, Order ITC/1732/2010, Order IET/3586/2011 and Order IET/2804/2012 

Specific articles: 

 Order IET/1491/2013. The prices for network access comprise a power and an energy term. In 
annex I the prices are set for different options, with or without time period discrimination. 
Some of the tariffs have a defined set of periods (e.g. peak, valley, super-valley), with a different 
pricing for each period.  

 Order ITC 2370/2007. Preamble: The interruptible services are provided voluntarily by high 
voltage consumers to make the operation of the system more flexible and to provide a rapid 
and efficient response in emergency situations while minimizing the impact on system security.  

 Order ITC 2370/2007. Article 3: The interruptible service consists of reducing active power 
demand to a required value in response to System Operator orders. This service is managed by 
the System Operator. 

 Order IET/2804/2012. Remuneration is calculated as a percentage of the annual cost of energy 
for the customer, with a limit of 20€/MWh.  

Recommendations 

Definition is needed of the framework for dynamic demand response services, which enable the DSO to 
control customer load on a voluntary basis. Communication systems and information exchange formats 
also need to be defined to facilitate interoperability. A business model also needs to be defined: 
aggregation, types of demand response contracts, time period types and specific areas. 

The interruptible services should be extended at least to medium voltage customers, establishing a similar 
mechanism for compensating the customers for the interruptions. Interruptibility control by the DSO, 
who are responsible of these networks, should also be established. 

In order for residential consumers to provide such a service, they would need to resort to aggregation 
mechanisms. Consumers would sign contracts with the aggregators, which would, in turn, offer 
interruptibility services to the DSOs. 

 

 

7.4.4.7 Regulatory frameworks that do not incentivise smart grid development  

Description 

Smart grids constitute another possible solution, though they demand extensive investments, especially 
in new communications systems. Still, such investment does not only benefit PV systems, as they are 
useful for other consumer applications in general.  
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In this section, therefore, the full regulatory framework is considered, not just the remuneration for new 
installed DG capacity. Recent reform basically establishes that any new framework should include an 
efficiency factor based on the asset base and also takings into account that not all investments are 
efficient. There has not been enough time yet to draw conclusions regarding the implications of this new 
regulation. 

The voltage of LV consumers is rarely measured. Therefore, the obligation of the DSO for remaining with 
voltage variation limits cannot be verified. It is therefore difficult to establish where new equipment is 
needed, such as on-load tap changers for MV/LV transformers.  

Technical solutions affected:  

 On Load Tap Changer for MV/LV transformer 

 Advanced voltage control for HV/MV transformer 

 SCADA + PV inverter control (Q and P) 

 SCADA + direct load control 

 Wide area voltage control 

 Demand response by local price signals 

 Advanced Closed-Loop Operation 

 Demand response by market price signals 

Voltage levels:  

 LV/MV/ HV 

Regulation and normative applicable:  

 Royal Decree-law 9/2013, Royal Decree 1955/2000, Royal Decree 1699/2011 
Specific articles: 

 Royal Decree-law 9/2013. Annex I establishes the methodology for calculating revenues from 
2014. Basically revenues are updated every year, including incentives for quality of service and 
energy losses. The annual increase of the revenues is determined on the basis of the company's 
assets, taking into account the amortization and a rate of return. The fixed assets are evaluated 
using a coefficient that estimates the efficiency of the company being remunerated. 

 In defining the procedure for connecting distributed generation to the network, Royal Decree 
1955/2000 enables the electricity distribution companies to pass on to the consumers costs 
that are not explicitly established. PV promoters pay not only for connecting installed capacity 
but also for any upstream reinforcement that may be necessary (e.g. a transformer upgrade). 
The exceptions are for facilities under 100kW, which are regulated by Royal Decree 1699/2011 
and subject to moderate connection charges. In that case, the PV system owner pays for 
reinforcements, but only on that related infrastructure falling within the same voltage limit as 
that system's connection point. Art 104: The maximum voltage variation for the final consumer 
is 7% of nominal voltage. 

Recommendations 

As revenues are related to the company's asset inventory there is a risk of inducing over-investment and 
not promoting efficiency. But in principle this neither discourages investments in general, nor 
investments in smart grids in particular. An efficiency factor has also been introduced. However, the fact 
that this factor is applied directly over the assets poses the risk of the company not fully recovering costs. 
Furthermore, the lack of a clearly defined calculation methodology generates uncertainty and opacity. It 
is critical to establish a clear and transparent methodology to calculate this efficiency factor to ensure 
efficient investments are fully recovered. At the same time all investments, not just efficient ones, should 
be remunerated for their equivalent efficient investments. 

A stable and transparent framework is needed; one which is not only transparent but also not subject to 
frequent retroactive regulatory changes or consultation processes during price reviews. Furthermore, 
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specific incentives for smart grid development could also be set on a transitory basis, such as the LCNF in 
the UK or the additional WACC in Italy (CEER status review of regulatory approaches to smart electricity 
grids, July 2011). 

For guaranteeing compliance with the regulation, the DSO should at least be under obligation to measure 
the voltage at the most critical points of each LV network (i.e in the low voltage side of MV / LV output 
transformers, at the end of long lines with voltage problems, and in those places where telemetry for low 
voltage problems is justified). 

7.4.5 Conclusions 

The conclusions that can be drawn from the Spanish case are complex, due to current regulatory issues, 
which have considerably altered the playing field during the work in progress of both PV LEGAL and PV 
GRID projects. The basic laws are changing (the Electricity Sector Law, together with specific laws affecting 
renewables as well as more demanding technical requirements, are among a series of game-changers).  

However, there is still much renewables development potential to be exploited in Spain, including that of 
PV. While Spain is among European leaders in PV deployment, penetration (covering just over 3% of 
power consumption) is still far below the one achieved in countries like Germany and Italy, where 
problems are already appearing related to capacities, voltage, and inverse energy flows. Such problems 
are not yet frequent in Spain and there remains a wide margin for development. Even so, reform is 
underway to improve the technical capacity and controllability of PV systems. Such reform can only 
increase PV penetration levels. The trend towards intelligent grids in the future is underway and if PV 
operators want to form part of that future they must adapt to technological changes and offer stability 
to the grid.  

Another important issue is that PV growth in Spain has rested mainly on large-scale systems (in the 
megawatt range). The tendency now, however, is changing towards medium and low capacity 
installations, more in line with the concept of distributed generation. Also in recent years, some of the 
barriers to smaller PV systems have been removed. Still, the government needs to continue raising them 
and in a more decisive fashion.  

In a past dominated by large arrays, PV producers had to assume all the grid connection and related 
infrastructure upgrade costs. That is now changing due to the paradigm shift towards smaller, distributed 
systems, closer to the points of demand. Now, in some cases, installed PV capacity may not exceed the 
power range contracted as a consumer, minimising such costs. The development of this type of system 
will be largely determined by net-metering, once such mechanisms are in place. It will also be affected by 
any future economic barriers imposed by the government. 

 



 

 

 

Figure 7.4.9 - Barriers impacting selected technical solutions in Spain 
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9 GLOSSARY 

Booster Transformer is a transformer of which one winding is intended to be connected in series with a 
circuit in order to alter its voltage and the other winding is an energizing winding. 

 

Capacity of PV plant is the peak DC power as specified by the module manufacturer for standard test 
conditions. 

 

Closed-Loop Operation (or Closed Ring Operation) is the method of operation where each point of a 
given part of a network is fed from two sources along two distinct paths. 

 

Curtailment is a planned reduction of the power production. 

 

Dump load is a device (usually an electric heating element) to which PV generator power flows when the 
grid cannot accept more feed-in power. 

 

DSO is the abbreviation for distribution system operator 

 

EHV is the abbreviation for extra high voltage (> 230 kV according to IEC) 

 

Fast Voltage Deviations are defined as the variations that occur instantaneously in a network in case a 
generation plant suddenly disconnects. 

 

Feeder is a power line transferring power between distribution substations and consumers.  

 

Grid hosting capacity is the maximum DER penetration for which the power system operates 
satisfactorily. 

 

Impedance is the measure of the opposition that a circuit presents to the passage of a current when a 
voltage is applied. 

 

NRA is the abbreviation for National Regulatory Authority. 

 

Meshed grid includes redundant lines, which are in addition to the main lines and organised as backups 
for the purpose of rerouting power in the event of failure to a main line. 

 

On-Load-Tap-Changer (OLTC) is a device for changing the tapping connections of a winding, suitable for 
operation while the transformer is energised or on load. 

 

Point of common coupling (PCC) is the point on the public electricity network at which customers are 
connected. 

 

Priority access to the grid provides an assurance given to connected generators of electricity from 
renewable energy sources that they will be able to sell and transmit the electricity from renewable energy 
sources in accordance with connection rules at all times, whenever the source becomes available. In the 
event that the electricity from renewable energy sources is integrated into the spot market, guaranteed 
access ensures that all electricity sold and supported obtains access to the grid, allowing the use of a 
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maximum amount of electricity from renewable energy sources from installations connected to the grid.” 
(Directive 2009/28/EC on the promotion of the use of energy from renewable sources). 

 

R/X is the ratio resistance divided by reactance for a power line.  

 

RES is the abbreviation for renewable energy source 

Slow Voltage Deviations are defined as the variations which occur in voltage during normal operation, 
due to the behaviour of generation and load connected to a given network. 

 

Static VAR Compensator (SVC) is an electrical device which provides fast-acting reactive power in an 
electrical network under various system conditions. 

 

Supervisory control and data acquisition(SCADA) usually refers to centralised systems which monitor 
and control entire sites, or complexes of systems spread out over large areas (anything from an industrial 
plant to a nation). 

 

TSO is the abbreviation for transmission system operator. 
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