
MORE STABILITY WITH  
NEW HARMONIZED  
NETWORK CODES 

Energy systems with high levels of RES integration de-
mands the development of new techniques to ensure 
system stability. Practicability of new techniques requires 
new or modified network codes and ancillary services. The 
goal of the RESERVE project is not only to come up with 
novel techniques which best suit and solve the problems 
in futuristic grids but also to identify the paradigm shift in 
the network codes and ancillary services.  In this sense, the 

WHAT ARE NETWORK CODES?
Network codes are a set of rules drafted by ENTSO-E, with guidance from the Agency for the Cooperation 
of Energy Regulators (ACER), to facilitate the harmonisation, integration and efficiency of the European 
electricity market. Each network code is an integral part of the drive towards completion of the internal 
energy market, and achieving the European Union’s 20-20-20 energy objectives of:

➤➤ at least 40% cut in greenhouse gas emissions compared to 1990 levels.

➤➤ at least a 27% share of renewable energy consumption.

➤➤ at least 27% energy savings compared with the business-as-usual scenario.

In a futuristic scenario dominated by energy sources inter-
faced by power electronics, it makes sense to completely 
rethink the idea of voltage and frequency support. New net-
work codes will emerge as result of the changes in dynamics 
and physical characteristics of the new generation units. 
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work of the RESERVE project is to prepare the way for new 
ancillary services with harmonised network codes- based 
on an adaptation of today’s codes-, which are needed to 
operate the future RES based energy systems.  RESERVE 
does this by developing new frequency and voltage con-
cepts to ensure system stability and undertaking feasibility 
studies and trials of elements of these concepts and their 
implementation in 5G ICT enhanced solutions.



NEW NETWORK CODE DEFINITIONS  
FOR FREQUENCY CONTROL 
Low-inertia operation is one of the critical challenges that 
face future power systems. This is due to the very high 
share of power electronic-based renewable energies, such 
as photovoltaic and wind power plants. In such systems, 
any power disturbance will lead to a significant frequency 
deterioration and may cause instability problems. Hence, 
call for new technological advancements is required to 
preserve a stable frequency profile and enhance system 
dynamic performance. In this context, RESERVE propos-
es the following adaptations or new network codes that 
would support the stabilization and automatization of the 
frequency in the new energy network architecture: 

➤➤ Definition of Frequency: new recommendations 
for the definition of frequency in low-inertia power 
systems.

➤➤ Definition of RoCoF: recommendation of an op-
erational RoCoF definition for low-inertia power 
systems.

➤➤ Requirements for power converter-based Energy 
Storage Systems (ESSs) connected to the grid in a 
new network code: study the required provision of 
energy from storage systems, regarding capacity, lo-
cation, and control.

➤➤ Requirements of minimum system inertia: recom-
mended practice for maintaining mechanical and 
synthetical inertia. 

➤➤ System swing dynamics (LSD): will result in a lin-
ear dynamical system with new requirements and 
roles in RES-tied converters’ control and frequency 
regulation. 

RESERVE EXPLOITATION OF THE NEW  
DEFINED NETWORK CODES
The research on frequency and voltage control for the 
scenario of up to 100% RES in the energy system, realized 
in the context of the RESERVE project, offers clues and 
concrete data on regulatory aspects that Stakeholders 
(ENTSO-E, ACER, European DSO associations, relevant 
bodies at national level, etc.) and Standards Development 
Organisations (CEN/CENELEC, ICE and National standard-
isation bodies) will be in position to consider.

All mentioned implications of the RESERVE results and 
the framework of their exploitation are resumed in the 
following Figure and explained in detail below.

The framework generating the RESERVE results is given by 
the gradual introduction of RES into the energy system, 
which will introduce new technical requirements for the sys-
tem. These will generate impact on the following aspects:

1. Regulatory aspects
The first step toward the exploitation of the RESERVE 
results concerning the new definition of network codes 
consist in the identification of the technical requirements 
for the future energy grid (1), followed by the dissemina-
tion of the new developed concepts and ideas needed to 
balance the energy system in the new context between the 
relevant Stakeholders and Standards Development Organ-
izations (2). Constant feed-back from the representatives 
of these target audience will be needed for preparing the 
ground for a large-scale uptake of the project results, in 
particular concerning the harmonized network codes and 
enhanced system services.

Once the suggested and adapted requirement are validat-
ed by the relevant organizations, these will be able to be 
integrated into existing or new network codes (4) or used 
to adapt existing standards and/ or generate new ones (5).

2. Ancillary services
As for the work on network codes, the exploitation of the 
RESERVE results related to the definition of new ancillary 
services in based on the two steps of the identification 
and definition of new ancillary services necessary for the 
adaptation and operation of the energy system in the new 
context characterized by an high penetration of the RES 
in the energy system (1) , and by the dissemination of the 
proposals/ suggestions for adapting the existing ancillary 
services among  the relevant stakeholders, in order to 
create awareness of the new needs and to motivate them 
to prepare the ground for new system services (2) 

3. Business models
In parallel to the introduction of new or adapted ancillary 
service and network codes, new business models will 
result from the changes in market structure. New actors 
will appear on the new market. TSOs and DSOs will face 
fundamental changes linked to the introduction of the new 
ancillary services, to the novel interaction with customers 
and partners, and to the creation of a pan-European grid.

An example of a new actor is the prosumer, which results 
from the combination of a consumer and a producer and 
which can be seen as a small and decentralized gener-
ation unit.

For a successful and sustainable development all these 
changing and new business models have to be evaluated 
from a Corporate Social Responsibility (CSR) perspective. 
To ensure the success of the energy transition towards 
100% RES, RESERVE will identify relevant actors and equip 
them with measurement systems and CSR guidelines. 

In the framework of the RESERVE work intended to solve 
the challenges of stabilising the voltage in the future en-
ergy systems with up to 100% RES, the focus is on voltage 
control techniques and on the development, identification 
and modification of network codes and ancillary services 
from the DSO perspective. At this point we have identified 
and defined the following network codes:

1. Decentralised voltage control: Decentralised con-
trol enables the DSO operator to have control over 
household RES inverters. Thus, allowing robust mon-
itoring and control over the grid voltage and allows 
optimized power flow management.

2. Modifying behavioural of RES inverters: Modifying 
the dynamic characteristics and volt-var characteris-
tics for enabling real time monitoring and control. A 
technical specification for RES inverters to offer such 
flexibility for grid operators.

3. Perturbations injected from RES inverters: Grid 
codes should be formed related to the injection of 
white noise signal or PRBS signals into the grid volt-
age for a short duration for the purpose of imped-
ance measurement.

4. Dynamic Stability margins: Inclusion of dynamic 
stability margin definitions and defining thresholds 
for futuristic grids.

5. Leading power factor: Recommendations to modify 
the grid code to include leading power factor for ef-
fective reactive power control.

NEW NETWORK CODE DEFINITIONS  
FOR VOLTAGE CONTROL 

➤➤ Expanding the frequency control strategy to allow 
using small-sized and/or intermittent energy re-
sources: A distributed control is defined, that refers 
to the coordination within a regional network, of 
both sources and loads, in the form of Virtual Power 
Plant and Microgrid.

➤➤ Frequency control categories and time frame: new 
set of frequency control strategies to allow employ-
ing the technical capabilities of all generation units.

➤➤ Requirements for the HVDC systems: characteristics 
and settings of HVDC systems will be proposed.


