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How can regulation ease the integration of Distributed Generation into 
electricity networks?

What economic signals should be given to Distributed Generators to 
achieve their active integration in distribution networks?

Introduction

In European member states, the public goal of a sustainable electricity system is strived 
for through a number of technology-specific member state support schemes for 
renewable-based electricity generation (RES-E) and co-generation of electricity and 
heat (CHP). This drives the growth of distributed generation (DG) – generators 
connected to the distribution network – to significant levels. 

The DG-GRID project1 carried out by nine European universities and research 
institutes2 has surveyed and investigated 

- current regulation and main barriers for DG integration, 
- the impact of DG on costs and benefits of Distribution System Operators 

(DSOs), and 
- new business models and regulatory improvements to enhance DG network 

integration. 

On this basis, the following policy recommendations – partly at the EU level and partly 
for implementation by national regulators - have been developed: 

DSO Regulation to enhance the share of DG

Key messages on compensating DSOs costs due to DG

High levels of DG penetration, defined as the energy generated by DG locally with 
respect to the local energy consumption, for instance higher than 15-20%, are the cause 
of incremental DSO capital expenditures (CAPEX) and operational expenditures 
(OPEX), mainly related to network investment and energy losses cost, respectively. It is 
recommended that DSOs be compensated for those incremental costs. There are several 
options to achieve this objective. In UK, a revenue increment per each kW of connected 
DG has been included in the DSOs remuneration. In addition, if a DG connection 
scheme qualifies as a Registered Power Zone (RPZ), the revenue increment is increased 
for the first five years of operation. DG-GRID project has investigated DSO revenue 
drivers based on the feed-in capacity and the energy delivered by DG modulated 

                                                  
1 The DG-GRID project was supported by the European Commission through the Intelligent Energy 
Europe program in the period 2005-2007. The sole responsibility for the content of this letter lies with the 
authors. It does not represent the opinion of the Community. The European Commission i s  not 
responsible for any use that may be made of the information contained therein.

2 Energy research Centre of the Netherlands (ECN), The Netherlands; Öko-Institut e.V., Institute for 
Applied Ecology, Germany; Institute for future energy systems (IZES), Germany; RISOE, Denmark;  
University of Manchester/Imperial College, United Kingdom; Instituto de Investigación Tecnológica 
(IIT), University Pontificia Comillas, Spain; Inter-University Research Centre (IFZ), Austria;VTT, 
Finland;  Observatoire Méditerranéen de l'Energie (OME), France
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according the DG penetration levels. Other options such as allowance for these extra 
costs in the Regulated Asset Base are more appropriate for rate of return regimes. 

It is recommended that the specific regulatory mechanism to compensate DSOs for 
incremental CAPEX & OPEX due to DG, should be designed taking into account the 
particular DSO regulatory framework in each country.

Specific attention in the regulatory framework should be given to the compensation of 
energy losses. The overall level of DG penetration and the voltage level at which DG is 
connected largely influence the possible need for compensation of incremental energy 
losses. Low DG penetration levels and/or low concentration of DG may reduce energy 
losses, whereas high DG penetration and/or high concentration may increase energy 
losses. It is recommended that both use of system charges and/or DG support schemes3

take into account the differential impact of DG on distribution networks.

DSOs with distribution areas with high DG penetration/concentration levels could be 
compensated for incremental energy losses. For instance, a DSO revenue driver, in 
€/kWh, associated with DG production (kWh) located in those areas can be 
implemented. This compensation would mainly come from those generators connected 
in those areas that would be charged with a fee (€/kWh) proportional to the value of the 
incremental losses they produce in the network. On the other hand, it is recommended 
to implement use-of-system charges for DG and/or support mechanisms applied to DG, 
differentiated by voltage levels, to take into account that DG connected in lower voltage 
networks can reduce losses at higher voltage levels.

Key messages on distribution network planning integrating DG

Article 14/7 of the Electricity Directive 2003/54/EC stipulates that DG should be 
considered by DSOs when planning the development of the distribution network 
optimising the need for upgrading or replacing network capacity. 

Recommendations to implement in practice the Article 14/7 mandate are 
- Incentive regulation based on price or revenue caps rather than rate of return 

regulation puts more pressure on DSOs for network efficient investment.
- Under incentive regulation, allocation of allowed investment budgets for the 

next regulatory period for individual DSOs is recommended. DSOs will be 
allowed to keep efficiency gains, for more than one regulatory period, due to 
efficient integration of DG, as incremental profits.

- It is recommended to implement time and voltage level differentiated use of 
system charges/DG support schemes on the one hand, and economic incentives 
for DG to assist (through ancillary services provision) the DSO in network 
operations on the other hand. This will lead to an improved use of current 
network assets, and decrease the need for additional network investments.

- The revision of planning and security criteria used by DSOs in order to include 
the potential benefit of DG deferring or reducing network investments is 
recommended. Engineering Recommendation P2/6 in UK can be an example to 
follow. 

                                                  
3 DG support scheme in this letter refers to RES and/or CHP support in the form of feed-in tariffs, 
tradable green certificates, or others.
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Key messages on DSO incentives for improving network performance with active 
participation of DG

DSOs have to meet quality of service targets in terms of i) duration and frequency of 
supply interruptions, and ii) voltage quality keeping voltage disturbances within certain 
limits. The potential advantages of having DG as a new control source should become a 
DSO opportunity instead of a threat. 

DG can help to improve reliability indices working in islanding mode in case of 
network outages. DG can provide ancillary services such as voltage control, frequency 
reserve, or black start to improve voltage quality. To achieve this aim, it is 
recommended to implement 
- performance based regulation for quality of service targets that provides explicit 

incentives to DSOs for improving quality of service levels. 
- incentives for DSO innovation programs that promote a deep transformation 

from passive to active management increasing DG participation in network 
control and DG contribution in case of network disturbances.

- incentives to DG operators for providing ancillary services to help DSOs to 
operate the network, for instance, providing voltage control and reactive power 
support, frequency reserve, islanding operation, etc. to improve quality of 
service levels.

Incentives to promote DSO innovation for efficient integration of DG should be 
incorporated into network regulation. Some of the instruments to implement them can 
be
- R&D expenditures can be included in the Regulated Asset Base as a separate 

item, potentially with higher rates of return. An alternative would be to establish 
a (partial) pass-through. An example is the Innovation Funding Incentive (IFI) in 
UK, where a DSO is allowed to spend up to 0.5% of its revenue on eligible IFI 
projects.

- Selection of performance indicators that can be improved through network 
innovation. Several countries have implemented performance regulation to 
improve quality of supply.

- Regulators may work with DSOs formulating and testing new regulatory 
instruments, and developing new regulatory scenarios with a shared vision, in 
order to explore deeper and long-term network transformations.

The selection of the most appropriate instruments in each country should take into 
account the type of DSO incentive regulation in place and the national regulatory 
framework. 

Key messages on DSO unbundling 

The effective implementation of unbundling at the distribution level is a prerequisite for 
fair and non-discriminatory network access for new DG entrants. It is recommended to 
adopt measures for achieving a higher level of national compliance with the 
requirements of both legal and functional unbundling and for obtaining more 
transparency on the actual state of unbundling (not only in law, but also in fact) in the 
individual Member States (MS). This could be done via a semi-annual benchmarking 
conducted by the national regulatory authority or another independent body as a 
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supplement to the yearly evaluation in the EU Benchmarking Report. In addition, a 
separate report dealing solely with the progress in unbundling could be published yearly 
to shed light on major shortcomings and to identify best practices in the MS.

Regarding the exemption clause for DSOs with less than 100,000 connections (Art. 15, 
Directive 2003/54/EC), it is recommended to leave it to the discretion of the Member 
States, provided that transparent procedures for planning, operation and accounting are 
in place. It is vital that the regulator adopts the necessary measures and procedures to 
ensure egalitarian conditions to network access where vertical integration of small 
DSOs is granted. What these measures should consist of is a country-specific issue 
dependent on the existence of entry barriers, network charging methodology and 
national regulatory framework (e.g., network regulation and support 
mechanisms/prioritized access) in place. 

DG economic signals to improve their network integration 

Key messages on DG support mechanisms

DG support mechanisms, especially with high DG shares, should be made compatible 
with energy market prices and network use-of-system (UoS) tariffs that promote 
efficient DG operation and network location. Regarding DG operation to achieve 
efficient market integration it is recommended
- RES-E and CHP market stimulation systems should be smartened to better 

reflect the social value of the MWh injected in the system. In case of high DG 
penetration, avoid fixed production payment mechanisms, such as constant feed-
in tariffs or feed-in subsidies as a general rule. 

- Implement feed-in tariffs with time discrimination or feed-in premiums on top of 
market prices that promote efficient DG operation, i.e. higher production at peak 
hours, and storage and controllability capabilities in medium and large size DG 
installations.

Key messages on DG connection and use-of-system charges

Connection charges are paid just once when DG require network access. Use-of-system 
(UoS) charges are periodically paid by network users, usually end consumers, and, in 
some MS, also DG operators. UoS charges should, as far as possible, (i) reflect the cost 
incurred to provide the network user with the network transport and system service, and 
(ii) en-sure full recovery of the DSO’s total acknowledged revenues.

To create a level playing field for DG integration, DG connection charges should be 
regulated, based on simple rules mainly recognizing shallow costs, i.e. the direct costs 
of connection. Calculation rules should be transparent and standardized by national 
regulation. Other costs for network reinforcements and upgrades due to DG connections 
should be socialised among the network users and paid through the Use of System 
(UoS) charges.

It is recommended that DG operators pay or receive UoS charges. DG use of system 
charges should be cost reflective (positive or negative). 
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- DG UoS charges should be differentiated by time of use and voltage levels. DG 
connections at lower voltage levels and DG production at load peak hours should 
be incentivized. 

- Differentiated DG support mechanisms, such as feed-in tariffs by voltage levels 
can be used to achieve the same effect that differentiated DG UoS charges. 

- DG UoS charges calculation methods should be in line with the other elements 
of the national regulatory framework: DG connection charges, DG support 
mechanisms, DG network services, etc. 

Key messages on DG contribution to network and ancillary services

DG can contribute significantly to Transmission System Operator (TSO) and 
Distribution System Operator (DSO) ancillary and network services.

DG through aggregators can participate in balancing and reserve markets. DG can 
provide voltage support and compensate energy losses as required by DSOs. In the 
future, with higher levels of network automation and DG controllability, DG would help 
to solve congestion management, and to improve quality of supply by islanding. 
Commercial arrangements between TSO/DSO and DG operators to recognize such 
contribution can be
- Regulated payments to DG operator, for instance acknowledged in the UoS 

charges
- Bilateral contracts between DG operators and DSO 
- DG operator participation in markets: i) energy balancing and reserve markets; 

and ii) network related markets, such as local balancing, reactive power, 
congestion management, or energy losses compensation.

DG-GRID website

All the reports that support these recommendations elaborated during the DG-GRID 
project can be downloaded from http://www.dg-grid.org/


