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(8%) ERMEN50549-1,2 ZIEMA

4 Requirements on generating plants

4.1 General

This clause defines the requirements on generating plants to be operated in parallel with the
distribution network. Where settings or a range of configurabhility is provided and respecting
the legal framework the configurations and settings may be provided by the DSO. Where no
seftings are provided by the DS0O, the specified default settings shall be used; if no default
settings are provided, the producer shall propose settings and inform the DSO.

The requirements of Clause 4 apply during normal operation of the generating units and do
not apply in case of maintenance or units out of operation. The provisions apply to EESS in
generation mode. In charging mode EESS should have the same characteristics, unless
stated otherwise in the clauses of this European Standard .

The applicability is independent of the duration the generating unit operates in parallel with
the distribution network. It is the responsibility of the DSO to relax, if deemed appropriate, the
requirements for an individual generating unit or plant whose operation in parallel only lasts
for a short time (temporary operation in parallel). The relaxed reguiremenis shall he agreed
between the D50 and the producer, along with the maximum allowahle duration of the
temporary operation in parallel. For the short-term parallel operation an appropriate device
shall automatically disconnect the generating unit or plant as soon as the maximum allowable
duration has elapsed.

If different requirements on the generating plant interfere with each other, the following
hierarchy in descending order shall be applied:

1. Generating unit protection, including regarding the prime mover;
2. interface protection (see 4.9) and protection against faults within the generating plant;
3. voltage support during faults and voltage steps (see 4.7.4);

4. the lower value of: remote control command on active power limitation for distribution grid security
(see 4.11) and local response to overfrequency (see 4.6.1);

5. local response to underfrequency if applicable (see 4.6.2);

TIBESFTEATN3OS I RIS
> McBWTIE. BHEACHT
BERBRARFEENSTERELR
FNUEXIRSIRN,

6. reactive power (see 4 7_2) and active power (P(U) see 4.7 _3) controls;

7. other control commands on active power set point for e.q. market, economic reasons, self-
consumption optimization.

The system shall he so designed that under foreseeable conditions no self-protection trips
prior to the fulfilment of the requirements of this European Standard and all settings provid
by the DSO or responsible party.

For cogeneration plants embedded in industrial sites, active power requirements shall be
agreed between the responsible party and the producer. In such a case the priority list is
adapted accordingly.
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443 Minimal requirement for active power delivery at underfrequency

A generating plant shall be resilient to the reduction of frequency at the point of connection
while reducing the maximum active power as little as possible.

The admissible active power reduction due to underfrequency is limited by the full line in
Figure 5 and is characterized by a maximum allowed reduction rate of 10 % of P.x per 1 Hz
for frequencies below 49,5 Hz.

It is possible that a more stringent power reduction characteristic is required by the
responsible party. Nevertheless this requirement is expected to be limited to an admissible
active power reduction represented by the dotted line in Figure 5 which is characterised by a
reduction rate of 2 % of the maximum power P ., per 1 Hz for frequencies below 49 Hz.

If any technologies intrinsic design or ambient conditions have influence on the power
reduction behaviour of the system, the manufacturer shall specify at which ambient conditions
the requirements can be fulfilled and eventual limitations. The information can be provided in
the format of a graph showing the intrinsic behaviour of the generating unit for example at

with the specification given by the responsible party. If the generating unit does not meet the
power reduction at the specified ambient conditions, the producer and the responsible party

shall agree on acceptable ambiwrnt conditions.

FHEREIMMIEDRIEFMAFCTHAETOEAZ
e URWES, BEMAHRZRE CEIRESRMA
[EDWTERULRITNIRSIR,
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COMMISSION REGULATION (EU) 2016/631
of 14 April 2016

establishing a network code on requirements for grid connection of generators

(Text with EEA relevance)

THE EUROPEAN COMMISSION,
Having regard to the Treaty on the Functioning of the European Union,

Having regard to Regulation (EC) No 714/2009 of the European Parliament and of the Council of 13 July 2009 on

conditions for access to the network for cross-border exchanges in electricity and repealing Regulation (EC)
No 1228/2003 ('), and in particular Article 6(11) thereof,

Whereas:

(1)  The ts.xvift comp‘letrion of a fu]l;f’ fu.nctioning **EJE(«JE@% g{*&ﬁmg—a t\ *ﬁg D o L\sz I\b“

security of energy supply, increasing comp

affordable prices. FHEL. HIRNFIBRDETK(CDOBRHDBDOIEEEIS D,

K DLVWHIRNFIRZ B2 5 T REDREHiGERRBDES.

(28) A process for derogating from the rules should be s¢

goulation to take into account local circum-
stances whete exceptlona]lv f01 example complla

10s€e 1ules could ]eopaldlse the stablhtv of the local

not in hne with the Regulatlon In the case of particular combmed heat and power plants which bring wider
efficiency benefits, applying the rules set out in this Regulation could result in disproportionate costs and lead to
the loss of those efficiency benefits.
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Article 6

Application to power-generating modules, pump-storage power-generating modules, combined
heat and power facilities, and industrial sites

1. Offshore power-generating modules connected to the interconnected system shall meet the requirements for
onshore power-generating modules, unless the requirements are modified for this purpose by the relevant system
operator or unless the connection of power park modules is via a high voltage direct current connection or via a
network whose frequency is not synchronously coupled to that of the main interconnected system (such as via a back-

to-back convertor scheme).
RRCIERI SARREBEBRE(L. EEZTHITT
2. Pump-storage power-generating modules shall fulfil § B |CiiGIANBEIZ S REBHERFZEH S DEE

operation mode. Synchronous compensation operation of

in time by the technical design of power-generating mod g-‘: Cb"C'E.F%o %@%ﬁ(:?ﬂtﬂ%ﬁiﬁﬁﬁ%
shall fulfil the requirements applicable to synchronous pov EBEURITNIER SR,

Article 20(2), if they qualify as type B, C or D.

3. With respect to power-generating modules embedded in the networks of industrial sites, power-generating facility
owners, system operators of industrial sites and relevant system operators whose network is connected to the network
of an industrial site shall have the right to agree on conditions for disconnection of such power-generating modules
together with critical loads, which secure production processes, from the relevant system operator's network. The
exercise of this right shall be coordinated with the relevant TSO.

AKIA(L, 5512E17Yy RI— MEFRCHITIER(BRIM)IC. TERXRLELTEFEN TV,

B &85 1T AN BN DD B RAFRERIC OV T, JRASZI7:E éﬁu\tr:‘%i?oj

[ 36, FEIRBZEECHERBfa”. BNE (RERFIAEIRZFRS) NOBIRERGHEITORD.
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CHAPTER 1

General requirements

Article 13

r AEHREFEfoEin
GIEMa

General requirements for type A power-generating modules

1. Type A power-generating modules shall fulfil the following requirements relating to frequency stability:

(a) With regard to frequency ranges:

() a power-generating module shall be capable of remaining connected to the network and operate within the

frequency ranges and time periods specified in Table 2;

(ii) the relevant system operator, in coordination with the relevant TSO, and the power-generating facility owner
may agree on wider frequency ranges, longer minimum times for operation or specific requirements for
combined frequency and voltage deviations to ensure the best use of the technical capabilities of a power-
generating module, if it is required to preserve or to restore system security:

(iii) the power-generating facility owner shall not unreasonably withhold consent to apply wider frequency ranges or
longer minimum times for operation, taking account of their economic and technical feasibility.

(b) With regard to the rate of change of frequency withstand capability, a power-generating module shall be capable of
staying connected to the network and operate at rates of change of frequency up to a value specified by the relevant
TSO, unless disconnection was triggered by rate-of-change-of-frequency -type loss of mains plotectlon The 1e]evar1t

system operator, in coordination with the relevant TSO, shall specify
mains protection.

5. The admissible active power reduction from maximum output shall:

(a) clearly specify the ambient conditions applicable;

(b) take account of the technical capabilities of power-generating modules.

u!Fe'CEZaﬂ-jctlﬂJb‘bd)ﬁ’i‘}J EHDIET (L,
- BA A RERRIR S A 2 BATE(E U (T NI
5780\

- REEBEORIMNZEEZER U TNE
510
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Maximum Admissible Active Power
Reduction at Low Frequencigs| == mmmmnc

entso®

As an example, the UK Grid Code defined the 25°C as the maximum temperature for which the

is applicable. Req) with regard to maximum active power reduction at low
Freq usncy are expected to be applicable for COGT for a limited frequency range, down to 48,8 Hz,
where the under-frequency protection is set to trip (LFDD). It must be highlighted that CCGTs
have been complying with the UK requirement for many years and have developed therefore
efficient and cost-effective sclutions. The capabilities of these CCGT designs should not be
confused with the capability of existing COGT based on 2 basic =n 25 illustrated in the
Technology Characteristics section below. Alftitude between 400
between 15 to 20 g H20/1 kg of air should also be defined.

ENTSO-E guidance document for national ir
of conditions for maximum admissible activ
reduction at low frequencies

Revised Clean Version | 12 April 2021

During the implementation process of the NC RfG in Germany,

required to state the range of ambient conditions, where the steady
Similar discussions have taken place in France, in NC RfG transpositiol
provided propesals to the energy regulator and govemment. For
behavior is dependent upan ambient condition (such a5 in the case of gas
compliance is not expacted for all ambient temperatures. It is expected 1
specific power vs. frequency characteristic be provided with the plant ow]
the TS0, so that the TSO can analyse impacts. Instead of fixing a referance
will zlways be arbitrary and without r
on & project-specific basis, the inher
power compensation control measure
to be used for system stability studies

Prepared from: 5tG CNC

In addition ta the above description

of 3
dEemEd weluable to understand the in|
on LFSM-U and FSM. The IGDs on LF
output* at low frequencies compared
This additional net active powsr outp)
therefore it is expected that the contr
should, in addition to the increase of
this power to compensate for any acy
this IGD.

Technology characteristics

It is important to recall that this requi
power output of a PGM in case of lo

As an example, the UK Grid Code defined the 25°C as the maximum temperature for which the
requirements is applicable. Requirements with regard to maximum active power reduction at low
frequency are expected to be applicable for CCGT for a limited frequency range, down to 48,8 Hz,
where the under-frequency protection is set to trip (LFDD). It must be highlighted that CCGTs
have been complying with the UK requirement for many years and have developed therefore
efficient and cost-effective solutions. The capabilities of these CCGT designs should not be
confused with the capability of existing CCGT based on a basic design as illustrated in the
Technology Characteristics section below. Altitude between 400 m to 500 m and humidity

AEHBREFMOEI

ZJEMA

B P.12 System characteristics

REJVYRI-RTEF25CEEERECGREL.
CCGTOH KT IEEZEH4(348.8HzETDIETU
MEIFRENRL,
(48.8Hz(3 R A75E
DFLTEAE)
CCGTILIIXREMHNREBAINTHD., TNWDX
CCGTIIERMMENEVWI1-aAFEREUL,
sXDCCGTNEENERRIL TSR

BB ORIREUR T KO & fanEih

LYo

operational req and theref
primary energy source (e.g. water for hydro power plants] shall not be considered while
assessing the compliance of a PGM with this requirement.

“*here the "fiet aCtive power output” is the active power exchange between the PGM and the network at
the connetion paint’

Page 120017
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P24 CC.6.3.3

CCGT@ 7/7_1 = Ld)gﬁ:(?ﬂfﬁﬂ /&ITQODUI/_ System I?requency below that setting, the existing requirement shall be retained for a

(b) (subject to the provisions of CC.6.1.3) maintaining its Active Power output at a level not
lower than the figure determined by the linear relationship shown in Figure 2 for System
Frequency changes within the range 49.5 to 47 Hz, such that if the System Frequency
drops to 47 Hz the Active Power output does not decrease by more than 5%. In the case
of a CCGT Module, the above requirement shall be retained down to the Low Frequency
Relay trip setting of 48.8 Hz, which reflects the first stage of the automatic low Frequency
Demand Disconnection scheme notified to Network Operators under OC6.6.2. For

EQE'“E_CZF)548 . 8HZ§E_C%§5FD§_/\3_CEF)5° minimum period of 5 minutes while System Frequgncy r,emains below that seﬂing, qnd
48.8HzIHRELIREC L BE—ERDBEEN b

Dw &L LT, 0C6.6.2[C TR
(szﬂgﬂ25*1sz\%50
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special measure(s) that may be required to meet this requirement shall be kept in service
during this period. After that 5 minute period, if System Frequency remains below that
setting, the special measure(s) must be discontinued if there is a materially increased risk
of the Gas Turbine tripping. The need for special measure(s) is linked to the inherent
Gas Turbine Active Power output reduction caused by reduced shaft speed due to
falling System Frequency.

47.0 Frequency FEieppq 495 50.5
100% of Active

/ Power output

profile to be
met for a minimum
of 5 mlnutes L 95% of Active
Note: Frequency F= relay trip setting of the first stage Power output
of the Automatic Low Frequency Demand Disconnection

Scheme

Figure 2
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Maximum Admissible Active Power

Reduction at Low Frequencies

ENTSO-E guidance document for national ir
of conditions for maximum admissible actiy
reduction at low frequencies

Revised Clean Version | 12 April 2021
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B P.13 Technology characteristics

iR ERE R D ORERILEARANCEIDERD. F5(CGTD

MAXIMUM ADMISZIBLE ACTIVE POWER REGUCTION AT LOW FRECUENCIES

Furthermare, as mentioned in the system characteristics sections, the frequency of occurrence of
large disturbance [i.e. outage of generation where the frequency drops 49,8Hz from nominal
value) is expected to be rare. Therefore, it is not recommended to take into account a significant
impact on the lifetime and maintenance intervals of the PGM in order to define the technical
capability of the PGM when implementing the network code or assessing potentizl derogation

requests.

—AZEY(CGTISEMER BN SN BN KU M B
nThh., #E

(F=migk CIEE THhd.
4r7f%552(uw$d

entso@®
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itself, the
capability depends on
technologies, in particular gas turbines,
output at a lower frequency, i.e. at a loy
not caused by 2 controller action but pu
comes along with a reduced mass fio|
output. This behaviour is strongly
temperature has especially an impact:
immediate output loss.

Gas turbines commenly operated in th
the turbine inlet. When the CCGT is sy
system resulting in decrease of frequen,
a reduction of the mass fiow of air thro
of the CCGT. This effect is much stronge]
phenomencn, gas turbine output drop
power reduction, depending on th
mitigation/compensation measures ©
temperature, increasing the air mass fl
of water mist into the air intake of o
limited in time and the support is =p)
transit and steady state domain)

the generation technologye

synchronous  generation
which haye the inher

This phenomenon of decreased maxim
as well for other technologies used i
combined with low voltage. Due o re
uniits are not able to produce maximur}
an appropriate chaice of the auxiliary d

ENTSO-E has conducted a consultation®|
most up-to-date information conceming
According to the wind industry, wind fa|
reduction of active power at low frequ

* ENT50-2, “Consultation of Stakeholded
frequency related parameters, May 23rd
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ip between frequency and active powsr cutput
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RN TEDEDEHDN HrHeHFE (@

Concerning the requirement itself, the relationship between frequency and active power output
capability depends on the generation technology. There are synchronous generation
technologies, in particular gas turbines, which have the inherent characteristic of losing some
output at a lower frequency, i.e. at a lower rotational speed of the synchronous machine. This is
not caused by a controller action but purely due to the physical fact that a lower rotational speed
comes along with a reduced mass flow, which translates immediately into a reduced power
output. This behaviour is strongly dependant on the ambient conditions. The ambient
temperature has especially an impact: the higher the temperature, the higher the inherent and
immediate output loss.

Gas turbines commonly operated in the power system include a shaft driven air compressor at
the turbine inlet. When the CCGT is synchronously connected to the grid any disturbance in the
system resulting in decrease of frequency will cause the compressor to slow down. This results in
a reduction of the mass flow of air through the turbine and reduction of the active power output
of the CCGT. This effect is much stronger at high ambient temperatures. Thus due to this physical
phenomenon, gas turbine output drops significantly with falling frequency. To mitigate active
power reduction, depending on the machine type and plant configuration different
mitigation/compensation measures can be used (e.g. increasing the gas turbine flame
temperature, increasing the air mass flow (by opening fully the compressor valves or by injection
of water mist into the air intake of compressor)). This mitigation/compensation measures are
limited in time and the support is expected to last as much the described in Table 1 (for the
transit and steady state domain).

=N S BREUR T (LW D (LR
9%, INUTHITEH L ORTRETEAL, %@E’\J%if“iﬁéo
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Maximum Admissible Active Power

Reduction at Low Frequencies

ENTSO-E guidance document for national ir
of conditions for maximum admissible actiy
reduction at low frequencies

Revisad Clean Version | 12 April 2021
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entso@| M P.14 Technology characteristics

RIGEFDISREHLVORGT, H(CRRIORIE
T3, B TOBEFICTORADHE ToD,
49Hz % RIS FEIBH A RN IMHNLE TH.
~~~~~~~~~~~~~~~~~~~~~ T entso@ | EORNEABEE, BRI ABREE RO
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equipment and change of losses in step-up transformers. Additionally, wind farms based on
double feed asynchronous generator (DFIG) tachn gv do need to reduce slightly more the 0 —:EI /\
active power at low frequencies to compensate th f current n | te dt the dec 0 Z o
frequency.
‘or wind turbine:

-+=) The most onerous speuflcat\ons allowed by the NC RfG could however be a concern for gas
turbines, especially at high temperature. Thermal overloading of the engine at lower frequencies
is the main constraint for gas turbine and if the frequency set-point is kept for a longer time,
4 power reduction must be performed below 49 Hz in order to avoid overloading of the engine.
The hotter the ambient temperature, the lower the capability to maintain power output at falling
frequency. For gas turbines, the decrease of active power is much less at low temperature.

Collaboration Typically, the engines start derating with a rate of 10 %/Hz and operate for unlimited time.
T50-D50

As mentioned above, the transient characteristics should be at synchronous area

level as this impacts the sizing of the FCR, UFLS scheme and eventually minimum system inertia

ghted if structure of the requ rement, ambient condition and
steady state characteristics are also coordinated

As per the NC RfG, this requirement is defined by the relevant TSO. |t must be recalled that it is
not an operational requirement.

RSO-Grid User

uld be given to the fact that some technologies are very sensitive to the

in particular gas turbines. Discussion between RSO and power generating facility

wner is strongly encouraged to ensure better understanding of technical limits of the generating
module with taking into account the system needs.

Furthermorz, the verification of compliance might be complex and shall be agreed with the
power generating facility owner case by case

ENTSO-E | Ruoe de Spa, B | 1000 Brucieh | info@ertsoe.su | www.sntoe sy | Sentsa e Pags 1401 17
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2% Maximum Admissible Active Power Reduction at Low Frequencies

ENTSO-E guidance document for national implementation of conditions for maximum admissible active power reduction at low frequencies
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