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ABSTRACT: This paper is based on the work carried out in the EU project: “DRES2Market: Technical, business and 

regulatory approaches to enhance renewable energy capabilities to take part actively in the electricity and ancillary services 

markets” is a European Union’s Horizon 2020, granted research program project, grant number: 952851.   

Main goal of the DRES2Market project is developing a comprehensive and affordable approach to facilitate the effective 

participation in distributed generation, based upon wind and solar PV energies in the electricity markets to enable provision 

of balancing and reserve services according to market criteria. 

One of the main objective of the project is to evaluate and get the results of the impact of large penetration of renewable 

energies (RES) on the electricity markets and the system operation according to different time scopes: the electricity 

demand coverage using an hourly simulation dispatch taking into account the volatility of solar photovoltaic and wind 

energy, the participation of renewable energies and distributed generation based on solar photovoltaic in the European 

Continuous Intraday Electricity Markets and the Local Electricity Markets, as well as the impact of the System Operation 

and the Distribution Network. 
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1 BARRIERS FOR THE SECURE AND RELIABLE 

CONNECTION OF DISTRIBUTED SOLAR PV AND 

ONSHORE WIND 

 
 The European Union has adopted ambitious and wide-

ranging binding targets for reduction of greenhouse gases 

emissions and transformation of energy systems. The EU 

goals are to become the world's first climate-neutral 

continent by 2050 and climate resilient society. 

In December 2020, the EU and the Member States 

submitted an enhanced Nationally Determined 

Contribution (NDC), which aims to reduce GHG 

emissions by at least 55% by 2030 from 1990 levels. This 

updated NDCs are part of the EU climate action and the 

European Green Deal. The goals are to become the world's 

first climate-neutral continent by 2050 and to be a climate 

resilient society1 . It includes: 

▪ European Climate Law to enshrine the 2050 climate-

neutrality objective into EU law; 

▪ European Climate Pact to engage citizens and all 

parts of society in climate action; 

▪ 2030 Climate Target Plan to further reduce net 

greenhouse gas emissions by at least 55% by 2030; 

▪ New EU Strategy on Climate Adaptation to make 

Europe a climate-resilient society by 2050, fully 

adapted to the unavoidable impacts of climate 

change. 

 

 Solar PV and wind energy have become key climate 

component of NDCs and climate solutions, by reducing 

 
1 https://ec.europa.eu/clima/policies/eu-climate-action_en 
2 Lewis, P., Granroth-Wilding, H., Napolitano, L., 

Zabala, C., Vékony, A., Felsmann, B., & Hirschbichler, 

F. (2021). European Barriers in Retail Energy Markets 

CO2, SO2, NOx  and other emissions pollutants from power 

generation and one of the most important sources of 

electricity generation in transition towards to low-carbon 

energy system. Among other effects all these legal 

frameworks increase the use of renewable energy, 

especially solar PV and wind power in European countries.  

In order to successfully meet the EU's ambitious 2050 

greenhouse gas emission reduction targets and 

significantly increase installed renewable energy capacity, 

additional work is needed to overcome existing RES 

barriers. 

 The EU countries made significant progress in the 

field of RES regulations, and in particular implementation 

of the RED II Directive. However, several barriers still 

remain, and development of photovoltaics and wind is 

being slowed by regulatory, administrative, economic and 

social obstacles.   

Some hurdles are intended to ensure that the system 

functions properly and customers benefit from high 

standards of service, they may: 

▪ be excessively complex and time consuming, 

▪ require payments or financial guarantees, 

▪ unduly increase costs or make it harder to do 

business, 

▪ favour certain market participants or business models 

over others.2 

 

The development of an internal electricity market in 

the European Union is an ongoing process. The ranking of 

European retail electricity and markets based on the 

Project: Final Report. Luxembourg: Publications 

Office of the European Union. ISBN 978-92-76-

30269-8, doi:10.2833/5217. 
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Barriers Index (details in the “European Barriers in Retail 

Energy Markets”)3 indicate that the Norwegian market 

faces the fewest barriers, (but there is high public 

resistance against grid extension) and the electricity 

markets of Slovenia, Sweden, Netherlands, and Finland 

are also outstandingly entrant friendly. 

On the other side, Cyprus is the market presenting the most 

difficulties for a supplier, while Bulgaria, Poland, 

Lithuania and Romania are also amongst the high-barrier 

countries. 

 

2.1 Regulatory and administrative barriers 

 Regulatory, legal stability and market structure are of 

key importance for all RES investments. The regulatory 

and administrative requirements for solar PV and wind 

energy installations can limit possibilities of expansion of 

distributed generation in European countries. 

Transparent, unambiguous and stable regulatory systems 

favour investments in solar PV and wind, especially in the 

initial stages. 

 The administrative and legal procedures that delay 

development of the PV and wind installations are as 

follows:  

▪ Duration of the grid connection permit process;   

▪ Insufficient spatial planning or RES insufficiently 

taken into account; 

▪ Lack of coordination between involved authorities; 

▪ Lack of stable legal and financial regulations; 

▪ Administrative hurdles such as planning delays; 

▪ Large amount of administrative processing and long 

deadlines in time; 

▪ Frequent changes in law, as well as interpretative 

uncertainties related to newly introduced regulations; 

▪ Long lasting environmental impact assessment and 

zoning plan. 

 

 Regulatory instability causes investors uncertainty 

regarding the provision of support  in the coming years, 

and the level of the current costs of their operations. 

Frequent legal amendments cause difficulties in 

interpretation of entries and increase risk in 

implementation of long-term development strategies.   

Bureaucracy, prolonging of administrative procedures by 

both authorities and grid operators, still pose barriers to the 

rapid deployment of PV and wind in many European 

countries. 

 

2.2. Technical barriers 

Technically PV and wind systems are mature, so there are 

no technical barriers regarding the systems themselves, but 

more regarding integration of these systems in the local 

grid. Some questions of technical grid management with 

very high penetration of renewables (new flexibility 

needs) are still open along next to market challenges, but 

up to now renewables’ penetration rates are still too low in 

most of European countries. 

 The technical condition of distribution networks is a 

basic factor determining development potential of 

 
3 Lewis, P., Granroth-Wilding, H., Napolitano, L., 

Zabala, C., Vékony, A., Felsmann, B.,  & Hirschbichler, 

F. (2021). European Barriers in Retail Energy Markets 

Project: Final Report.  Luxembourg: Publications Office 

of the European Union. ISBN 978-92-76-30269-8, 

doi:10.2833/5217. 

photovoltaics and wind energy in many European 

countries. 

The distribution system in many EU countries needs to be 

reinforced by creating new lines, or by increasing their 

cross-sections, which requires financial expenditure for 

development of smart grids, network management 

technologies, and interconnections.  

 Modernization of the existing network in all EU 

countries allows for optimal use of solar PV systems and 

wind power, reduction of network load, minimization of 

blackout and emergency threats.  

 

2.3 Economic barriers 

 Capital constraints are an important economic barrier 

to solar PV and wind energy development, occurring 

primarily in case of households and small and medium-

sized enterprises.  

Relatively high initial costs of the solar PV, and wind 

energy insufficient economic mechanisms, in particular 

fiscal mechanisms, which would enable obtaining 

appropriate financial benefits in relation to the amount of 

investment outlays on facilities, installation costs, 

equipment intended for the production of energy from PV 

and wind, may be the most important barriers to their rapid 

development.  

 The policy of the European Union and the member 

states supports projects in the field of RES installations. 

To increase the number of consumers willing to engage in 

prosumer activity various types of incentives, subsidies, 

low-interest loans were introduced, which shorten 

payback periods and increase the attractiveness of the 

investment opportunity. In 2015, more than 1300 support 

measures (economic, financial, regulatory, administrative) 

for the development of renewables were in place in the EU 

countries. 4 At the same time, more and more PV projects 

are being implemented without support. In many EU 

countries solar PV investments are competitive, and can 

be justified based upon market revenues alone without the 

need for additional subsidies. 

 

2.4. Social and environmental barriers 

 The level of investment in photovoltaics and wind 

energy is influenced also by social factors, environmental 

and energy consciousness of society, approach to energy 

saving, and the development of renewable energies.  

Solar PV investments are generally accepted by local 

communities, and social protests associated with planned 

investments, are rare. The approach of societies to 

photovoltaics is shaped by the ecological and renewable 

nature of this form of energy, i.e., clean energy, whose use 

in local and global dimensions, brings several social and 

environmental benefits.  

 Wind energy projects have a wider landscape impact 

than PV installation. Wind turbines may result in effects, 

such as: shadow flicker, audible noise, low-frequency 

noise, electromagnetic fields, and many others.  

 Social acceptance can have a significant impact in 

respect of implementing wind energy, in many cases, lack 

of local political – decision-makers, stakeholders, 

populations i.e., local citizens, household organisations, 

 
4 Banja M., Jégard M. Monforti-Ferrario F., Dallemand J.-

F.Taylor N., Motola V., Sikkema R.Renewables in the EU: 

the support framework. towards a single energy 

market.EU countries reporting under Article 22(1) b, e and 

f of Renewable Energy Directive. JRC 2017. 
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and individual end-users’ acceptance, can limit the overall 

wind energy resource. Social acceptance of wind energy is 

a potential barrier to faster expansion of onshore wind 

energy, and appears to be more challenging, than in respect 

of solar PV energy. 

Social opposition to new energy infrastructure 

development is present in many countries. The opposition, 

ranging from spontaneous neighbourhood protests to 

professional campaigns, and legal suits at the national 

level, is perceived as a barrier to wind energy growth. 

It should be noted that in recent years, significant 

technological progress has been made in the development 

of wind energy production. As a result of this, the negative 

impact of wind farms on the environment has been 

significantly reduced. This progress relates to the 

implementation of modern construction technologies of 

wind farms and methods of their operation, as well as the 

development of software, in order to optimise the location 

and estimate their potential impact on the environment, 

etc. 

 Photovoltaic systems are more environmentally 

friendly, compared to wind farms. PV installations do not 

emit greenhouse gases into the atmosphere, do not cause 

noise or vibrations. They do not cause any negative 

influence on landscapes, and a large part of the local 

residents and local government institutions accept 

photovoltaics. 

 

 

2. ANALYZING THE IMPACT OF RES LARGE 

PENETRATION FOR GRID CONGESTIONS 

 

 The objective of this Test Case was to analyse the 

technical and economic impacts of massive penetration of 

PV self-consumption. In particular, this Test Case 

evaluated PV installations in Poland that has seen a huge 

increase of micro PV installations– from 50 000 at the end 

of 2018 to 845 505 at the end of 2021 with further growth 

expected.  

 The most promising distributed solar PV solutions 

identified in Poland (like homeowner, company and 

municipal organisation) with assumed range of PV sizes 

and energy storages were evaluated by analysing proposed 

criteria:  

Economic: 

▪ The estimation of the cost of the solutions 

(investments, operation and maintenance costs, etc.);  

▪ Impact of net – metering;  

▪ The identification of the economic flows;  

▪ The revenue and profitability model, (IRR, NPV, 

payback);   

▪ The calculation of the LCOE&LCOS of the solution; 

 

Technical:  

▪ Solar generation;  

▪ Energy flows (energy bought from the grid, 

consumed from net metering, consumed from storage 

systems, consumed from panels, fed-in energy lost);  

▪ Reduction of carbon emissions;  

▪ Cycles of the storage system consumed;  

▪ Degree of self-sufficient; 

 

Test conditions used were the following:  

▪ Radiation profiles, PV generation and consumption 

data, specific characteristics of the demand profile; 

▪ Real historical and current data from Polish markets 

(electricity tariffs and prices, economic and technical 

data, storage system);  

▪ Real net-metering scheme; 

▪ Real prices of PV panels, PV installations, energy 

storage; 

▪ Inclusion of replacement costs, corporate taxes, 

inflation rate, charge and discharge rate;  

▪ Assumed ranges of PV installations in selected 

scenarios;  

▪ Number of analysed solutions, kind of prosumers;  

▪ Range of PV sizes; 

▪ Net – metering scheme; 

▪ Investment and maintenance costs (“what – if” 

scenarios possible). 

 

 A European CIGRE Benchmark Network was used to 

determine any technical issues (line congestions, voltage 

excursions etc.) in running the scenario based on the use 

of real demand and generation data. European 

configuration of CIGRE MV Network used in simulation 

was described by the following parameters: 

▪ Structure – three phase feeders (mesh or radial 

structure), nominal voltage 20kV, frequency 50Hz; 

▪ Symmetry – loads and feeders are phase balanced; 

▪ Line types – overhead lines are bare conductors of 

aluminium with or without steel reinforcements. 

 

 A software tool OrigAMI developed by Enea Operator 

was used for aggregation, analyses and reporting of data 

collected by AMI smart meters. The data was obtain using 

advanced metering infrastructures data. OrigAMI system 

allows to export 15 minutes profiles reports of active and 

reactive power for each smart meter.  

For the purpose of the analysis, following profiles were 

generated: 

▪ Generation profiles (2 x photovoltaics farms, 4 x 

wind farms); 

▪ Loads - different types, described in the table 1. 

 

Table 1 Selected profile parameters 

 
 

Example profiles in 15 minutes intervals were provided for 

one year for:  

▪ Wind Farms; 

▪ Photovoltaics farms;  

▪ Industrial loads;  

▪ Building loads;  

▪ Railway loads;  

▪ Shopping mall loads; 
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▪ Rural demand loads. 

 

 

Fig. 1 Wind 1 – visualisation of year profile 

 

Fig. 2 PV 1 – visualisation of year profile 

 
Fig. 3 Load – MV/LV Substation - Farm - visualisation of 

year profile 

 

 A multiple scenario concept has been proposed to 

study the impact of RES large penetration for grid 

congestions. Each scenario consisted of different 

configuration of power generation which was reflecting 

different ratios of scaling factor parameter which acts 

directly on energy profiles by scaling the values 

(expressed in individual values of kWp of generation and 

load). Scaling factor equals 1 reflects base input values and 

another specific scaling factors have been chosen to 

effectively determine the impact of RES on the grid.  

 The main result from conducting analyses in Power 

Factory for each scenario was line loading in %. Level of 

100% should be considered as moment in time when the 

network protections are triggered causing the power 

supply to be cut off and thus saving the equipment and 

infrastructure elements from irreversible damage.  

Topology of CIGRE network with proposed specific and 

permanent location of loads and generation sources caused 

maximum load of Line 1-2 in each scenario, which is 

considered as “critical line”.  

 

 
Fig. 4. Line 1-2 year’s loading and histogram chart 

 

 

Conclusions from Test Case: 

▪ For each scenario maximum load is for the line 1-2, 

directly behind the transformer; 

▪ Loads of particular line differs due to localisation of 

renewable generation and loads entities and its 

profiles; 

▪ Comparing different scenarios it’s visible that the 

more RES generation the higher maximum load value 

in year period (for specific 15 minute value); 

▪ The dates in one particular scenario are different for 

analysed lines (maximum values occurs in different 

moments in time for different “places” of network). 

It’s because specific RES and loads localisations in the 

network topology and their profiles of work. 

 

 

3. CONCLUDING REMARKS 

 

 The transformation of the energy sector towards more 

sustainable electricity production increases the importance 

of distributed generation from renewable sources, such as 

solar, photovoltaics, and wind energy.  

 Achieving EU energy goals and climate targets 

requires overcoming existing barriers and regulatory 

frameworks. Several barriers have been identified that 

hamper the development of PV and wind energy 

implementation, including regulatory, technical, 

administrative, financial and social.  

 For faster development of wind energy and 

photovoltaics, regulatory changes are recommended, 

increasing flexibility of the distribution system and 

adapting it to a higher share of energy from renewable 

sources.  

 Distribution network operators must prepare for 

further rapid development of micro-installations and 

facilitation of the process of connecting new sources. 

Network management must be planned carefully, with 

accurate prediction of RES generation. 

 The technical condition of distribution networks – 

stable, secure, and high capacity is a basic factor for high 

levels of electricity to be generated from PV and onshore 

wind.  

 In general, increased levels of RES have positive 

effects on the local decarbonisation of distribution 

networks and local markets. 
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