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1. Connection Conditions

This section on connection conditions specifies both the minimum technical, design and operational criteria which must be complied with by any Independent Power Producers (IPP).

The objective of the connection conditions is to ensure that by specifying minimum technical, design and operational criteria, the basic rules for connection to the TS are similar for all IPPs of an equivalent category and will enable the Utility to comply with its statutory and licence obligations.  Since quality of supply and grid integrity are the shared responsibilities the Utility and the IPPs these conditions furthermore ensures adherence to sound engineering practice and codes by all the participants.
1.1 Generator connection conditions

This section defines minimum requirements for generator connections. Note that some of the sections below refer to a Grid Code Requirement (GCR) for brevity and later reference.

Compliance with the GCR shall be read in conjunction with the unit characteristics and sizes as specified in Table 1.1(a) below.

	Grid Code Requirement
	All Units including Hydro (MVA rating)

	
	
	<3
	3 to 10
	10 to 15
	15 to 20
	20 - 25 
	>25

	GCR1
	Plant availability 
	Depends on System 

Requirements 
	Yes
	Yes
	Yes
	Yes
	Yes

	GCR2
	Plant reliability
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes
	Yes

	GCR3
	Protection
	
	
	
	
	
	

	
	Backup Impedance 
	-
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes

	
	Loss of Field 
	-
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes

	
	Pole Slipping 
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes
	Yes
	Yes

	
	Gen trfr backup earth fault 
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	HV Breaker Fail 
	-
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements

	
	HV Breaker Pole Disagreement 
	-
	-
	-
	-
	-
	Yes

	
	Unit Switch-onto-standstill Protection
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Under/Over voltage Protection
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Under/Over Frequency Protection
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Main Protection only
	Yes
	Yes
	Yes
	Depends on System 

Requirements
	Depends on System 

Requirements
	-

	
	Main and Backup protection
	-
	-
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes

	GCR4
	Ability To Island
	Depends on 

System Requirements
	Depends on 

System Requirements
	Depends on 

System Requirements
	Depends on 

System Requirements
	Depends on 

System Requirements
	Depends on 

System Requirements

	GCR5
	Excitation system requirements
	Depends on 

System Requirements
	Depends on 

System Requirements
	Yes
	Yes
	Yes
	Yes

	
	Power System Stabilizer
	-
	-
	Depends on 

System Requirements
	Depends on 

System Requirements
	Depends on 

System Requirements
	Yes

	
	Limiters
	-
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes

	GCR6
	Reactive Capabilities
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes

	GCR7
	Multiple Unit tripping
	-
	Depends on System 

Requirements
	If the total station output is greater than the single largest contingency as defined for instantaneous reserve
	If more than 

1 unit at station

	GCR8
	Governing
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes
	Yes

	GCR9
	Restart after Station Blackout
	Depends on System 

Requirements
	Depends on System 

Requirements
	If the total station output is greater than the single largest contingency as defined for instantaneous reserve
	If more than 

1 unit at station

	GCR10
	Black Starting
	If agreed
	If agreed
	If agreed
	If agreed
	If agreed
	If agreed

	GCR11
	External Supply Disturbance Withstand Capability
	Depends on System 

Requirements
	If more than 

5 units at station
	If the total station output is greater than the single largest contingency as defined for instantaneous reserve
	If more than 

1 unit at station

	GCR12
	On load tap Changer for generating Unit
 step up transformers
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements
	Depends on System 

Requirements

	GRC13
	Emergency unit capabilities
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes
	Yes
	Yes
	Yes

	GCR14
	Independent action for control in system island
	-
	Depends on System 

Requirements
	Depends on System 

Requirements
	Yes
	Yes
	Yes


Table 1.1(a) - Summary of the requirements applicable to specific classes of units
The Utility shall offer to connect and, subject to the signing of the necessary agreements, make available a point of connection to any requesting IPP licensed to generate electricity.

1.1.1 Protection (GCR3)

A generating unit’s, unit step-up transformer, unit auxiliary transformer, associated busbar ducts and switchgear shall be equipped with well maintained protection functions, in line with international best practices, to rapidly disconnect appropriate plant sections should a fault occur within the relevant protection zones which fault may reflect into the TS.

The following protection functions shall be provided as defined to protect the Interconnected Power System (IPS):

Backup Impedance 

An impedance scheme with a large reach shall be used. This shall operate for phase faults in the unit, in the HV yard or in the adjacent transmission lines, with a suitable delay, for cases when the corresponding main protection fails to operate.  The impedance facility shall have fuse fail interlocking.

Loss of Field 

All generating units shall be fitted with a loss of field facility that matches the system requirements.  The type of facility to be implemented shall be agreed with the Utility.

Pole Slipping Facility 

Generating units shall be fitted with a pole slipping facility that matches the system requirements, where the Utility determines that it is required. 

Unit Transformer HV back-up Earth Fault Protection

This is an IDMT facility that shall monitor the current in the unit transformer neutral.  It can detect faults in the transformer HV side or in the adjacent network. The back-up earth fault facility shall trip the HV circuit-breaker.

HV Breaker Fail Protection

The “breaker fail” protection shall monitor the HV circuit breaker's operation for protection trip signals, i.e. fault conditions.  If a circuit breaker fails to open and the fault is still present after a specific time delay (120 ms), it shall trip the necessary adjacent circuit breakers.

HV Pole disagreement protection

The pole disagreement protection shall cover the cases where one or two poles of a circuit breaker fail to operate after a trip or close signal.

Unit Switch onto Standstill protection

This protection shall be installed in the HV yard substation or in the unit protection panels. If this protection is installed in the unit protection panels then the DC supply for this protection and that used for the circuit-breaker closing circuit shall be the same.  This protection safeguards the generator against an unintended connection to the TS (back energisation) when at standstill or at low speed.

In addition, should system conditions dictate, other protection requirements shall be determined by the Utility in consultation with the IPP and these should be provided and maintained by the relevant IPP at its own cost.

All protection interfaces with the Utility shall be co-ordinated between the participants.

The settings of all the protection tripping functions on the unit protection system of a unit, relevant to IPS performance and as agreed with each IPP in writing, shall be co-ordinated with the transmission protection settings.  These settings shall be agreed between the Utility and each IPP, and shall be documented and maintained by the IPP, with the reference copy, which reflects the actual plant status at all time, held by the Utility.  The IPP shall control all other copies.

For system abnormal conditions, a unit is to be disconnected from the TS in response to conditions at the point of connection, only when the system conditions are outside the plant capability where damage will occur.  Protection setting documents shall illustrate plant capabilities and the relevant protection operations.

Competent persons shall carry out testing, commissioning and configuration of protection systems.  Prototype and routine testing shall be carried out as defined in Appendix A
Any work on the protection circuits interfacing with transmission protection systems (e.g. bus zone) must be communicated to the Utility before commencing with the works.  This includes work done during a unit outage.

1.1.2 Ability of units to island (GCR4)

Every unit that does not have black start capabilities of less than one hour without power from the TS shall be capable of unit islanding.

The procedure for testing is given in Table A.4.2
1.1.3 Excitation system requirements (GCR5)

A continuously-acting automatic excitation control system (AVR) shall be installed to provide constant terminal voltage control of the unit, without instability, over the entire operating range of the unit. (Note that this does not include the possible influence of a power system stabiliser.)  Excitation systems shall comply with the requirements specified in IEEE 421.

The excitation control system shall be equipped with an under-excitation limiter, load angle limiter and flux limiter as described in IEE 421.

The excitation system shall have a minimum excitation ceiling limit of 1.6 pu rotor current, where 1 pu is the rotor current required to operate the unit at rated load and at rated power factor.

The settings of the excitation system shall be agreed between the Utility and each IPP, and shall be documented, with the master copy held by the Utility. The IPPs shall control all other copies.  The procedure for this is shown Appendix A, Table A.4.3.

In addition, the unit shall be capable of operating in the full range as indicated in the capability diagram supplied by the IPP for the Unit.  Test procedures are shown in Appendix A, Table A.4.3.

The active power output under steady state conditions of any unit shall not be affected by voltage changes in the normal operating range.

Routine and prototype response tests shall be carried out on excitation systems as indicated in Appendix A, Table A.4.3 and in accordance with IEE 421.
1.1.4 Reactive capabilities (GCR6)

All new units shall be capable of supplying rated power output (MW) at any point between the limits 0.85 power factor lagging and 0.90 power factor leading at the unit terminals.  Under lagging reactive power facility condition, the Producer is responsible for ensuring that self-excitation of the inductor generator does not occur, including under the various outage combinations that might occur in the BEL system.
Reactive output shall be fully variable between these limits under AVR, manual or other control.

Routine and prototype response tests shall be carried out to demonstrate reactive capabilities as indicated in Appendix A, Table A.4.4
1.1.5 Multiple unit tripping (MUT) risks (GCR7)

A power station and its units shall be designed, maintained and operated to minimise the risk of more than one unit being tripped from one common cause within a short time.

The larger the amount of generation lost from the IPS, or the smaller the time window in which the generation loss occurs, the greater the impact to the IPS.  If a reasonable amount of generation is lost but in a short duration (more than one generating unit tripping simultaneously) the impact to the IPS is severe.  The impact would be far less if the trips where staggered in time, namely over 5 to 10 minutes.

No unreasonable MUT risks shall exist.  For the purpose of this code, examples of unreasonable MUT risks are:

· Relaying and other equipment powered from a common DC supply that is sensitive to disturbances to the supply such as AC onto DC, that causes the tripping of unit/s.

· Relaying or other equipment supplied from a common DC supply that will malfunction and trip a unit/s in the event of a loss of DC supply.

· The loss of AC supply for up to two hours to un-interruptible power supply (UPS), leading to the malfunction of the UPS or its associated load equipment leading to the trip of unit/s

· An earth mat with insufficient capacity or capability to successfully direct lightning or switching surges away from sensitive equipment leading to the trip of unit/s 

· The use of mercury type buchholz facilities which is sensitive to earth tremors leading to the tripping of units. 

· DC systems common to generating units without proper earth fault location equipment

· Common compressed air plant without proper provision of isolation, storage and non return valve systems.

Routine and prototype response tests shall be carried out to demonstrate MUT withstand capabilities as indicated in Appendix A, Table A.4.5.

1.1.6 Governing (GCR8)

1.1.6.1 Design requirements

All units shall have an operational governor that shall be capable of responding according to the minimum requirements set out in this document

1.1.6.2 System Frequency Variations

The nominal frequency of the TS is 60Hz and is normally controlled within the limits of 59.4 – 60.6Hz unless exceptional circumstances prevail. The system frequency could rise or fall in exceptional circumstances and units must be capable of continuous normal operation for the frequency range from 58.2 Hz to 61.8 Hz.

Design of turbo alternator units must enable continuous operation, at up to 100% active power output, within this range.

Hydro-alternator units must be capable of continuous normal operation for high frequency conditions described in section 1.1.6.4 and low frequency conditions as described in section 1.1.6.6.

1.1.6.3 High Frequency Requirements for Turbo-alternators 

All synchronised units shall respond by reducing active power to frequencies above 60 Hz plus allowable dead band described in section 1.1.6.7.  Speed governors shall be set to give a 5 % droop characteristic.  The response shall be fully achieved within 10 seconds and must be sustained for the duration of the frequency excursion.  The unit shall respond to the full designed minimum operational capability of the unit at the time of the occurrence.

Over-frequency Conditions in the Range 61.8 to 62.4 Hz (Stage H1)

When the frequency goes above 61.8 Hz but less than 62.4 Hz the requirement is that the turbo-alternator units shall be able to operate for at least 5 minutes continuously without tripping in this range.

Exceeding this limit shall prompt the IPP to take all reasonable efforts to reduce the system frequency below 61.8 Hz. Such actions can include manual tripping of the running unit.  Tripping shall be staggered in time and be initiated once the frequency has been greater than 61.8 Hz for 5 minutes.  The IPP will trip a unit, and if the system frequency does not fall below 61.8 Hz, the other units shall be tripped in staggered format over the next five minutes or until the system frequency is below 61.8 Hz.  The Utility shall approve this tripping philosophy and the settings.

Over-frequency Conditions in the above 62.4 Hz (Stage H2)

When the frequency goes above 62.4 Hz the requirement is that the turbo-alternator units shall be able to operate at least 30 seconds continuously without tripping in this range.

When the system frequency exceeds 62.4 Hz, the IPP can start tripping units sequentially.  Tripping shall be spread over a 30-second window.  If an IPP chooses to implement automatic tripping, the tripping shall be staggered.  The Utility shall approve this tripping philosophy and the settings.  As an example, the first unit will trip in 5 seconds, the second unit trip in 10 seconds, etc.

1.1.6.4 High Frequency Requirements for Hydro Alternators

All synchronised hydro units shall respond by reducing active power to frequencies above 60 Hz plus allowable dead band described in section 1.1.6.7.  Speed governors shall be set to give a 5 % droop characteristic. The response shall be fully achieved within 10 seconds and must be sustained for the duration of the frequency excursion.  The unit shall respond to the full load capability range of the unit. 

When the frequency goes above 64.8 Hz but less than 66 Hz the requirement is that the hydro-alternator units shall be able to operate at least 30 seconds in this range.

When the system frequency increases to 64.8 Hz but less than 66 Hz for longer than 30 seconds, the IPP shall start staggered tripping of units as per the procedure for turbo-alternators. Settings shall be agreed with the Utility.

If the system frequency rises above 66 Hz for more than 1 second, independent action may be taken by an IPP to protect the unit. Such action includes automatic tripping.

1.1.6.5  Low Frequency Requirements for Turbo-alternator Units

Low frequency response is to be used for instantaneous reserve.  However all units shall be designed to be capable of having a 5 % droop characteristic with a minimum response of 3% of MCR within 10 seconds of a frequency incident.  The response must be sustained for at least 10 minutes.

Low frequency in the Range 58.2 to 57.6 Hz (StageL1)

When the frequency goes below 58.2 Hz but greater than 57.6 Hz the requirement is that the unit shall be able to operate at least 5 minutes continuously without tripping while the frequency is in this range. 

If the system frequency is in this range for more than 5 minutes, independent action may be taken by the IPP to protect the unit.

Low frequency in the Range 57.6 to 57 Hz (Stage L2)

When the frequency goes below 57.6 Hz but greater than 57 Hz the requirement is that the unit shall be able to operate at least 30 seconds continuously without tripping while the frequency is below 57.6 Hz but greater than 57 Hz.

If the system frequency is in this range for more than 30 seconds, independent action may be taken by an IPP to protect the unit.

Low frequency below 57 Hz (Stage L3)

If the system frequency falls below 57 Hz for longer than 6 seconds, independent action may be taken by an IPP to protect the unit.

1.1.6.6 Low Frequency Requirements for Hydro-alternator Units

All reasonable efforts shall be made by the IPP to avoid tripping of the hydro-alternator for under frequency conditions provided that the system frequency is above 55.2 Hz.

If the system frequency falls below 55.2 Hz for more than 1 second, independent action may be taken by an IPP to protect the unit. Such action includes automatic tripping.

1.1.6.7 
Dead band

The maximum allowable dead band shall be 0.18 Hz for governing. That is no response is required from the unit while the frequency is greater than 59.82 to and less than 60.18 Hz.

Routine and prototype response tests shall be carried out on the governing systems as indicated in Appendix A, Table A.4.6.

1.1.7 Restart after power station black-out (GCR9)

A power station and a unit is to be capable of being restarted and synchronised to the IPS following restoration of external auxiliary AC supply without unreasonable delay resulting directly from the loss of external auxiliary AC supply. 

For the purposes of this code, examples of unreasonable delay in the restart of a power station are:

· Restart of the first unit that takes longer than 15 minutes after restart initiation

· Restart of the second unit that takes longer than 15 minutes after the synchronising of the first unit.

· Restarting of all other units that take longer than 15 minutes each after the synchronising of the second unit. 

· Delays not inherent in the design of the relevant start up facilities and which could reasonably be minimised by the relevant IPP

· The start up facilities for a new unit not being designed to minimise start up time delays for the unit following loss of external auxiliary AC supplies for two hours or less.
Routine and prototype response tests shall be carried out to demonstrate capabilities as indicated in Appendix A, Table A.4.7
1.1.8 Black Starting (GCR10)

Power stations that have declared that they have a station black start capability shall demonstrate this facility by test as described in Appendix A, Table A.4.8.

Back start capable power stations may be called from time to time not to carry out a full station back start but a unit black start as described in Appendix A, Section A.4.8.

1.1.9 External supply disturbance withstand capability (GCR11)

Any unit and any power station equipment shall be designed with anticipation of the following voltage conditions at the point of connection:

A voltage deviation in the range of 90% to 110% for protracted periods.

A voltage drop to zero for up to 0.2s, to 75% for 2s, or to 85% for 60 s provided that during the 3 minute period immediately following the end of that 0.2s, 2s, or 60s periods the actual voltage remains in the range 90-110% of the nominal voltage.

Unbalance between phase voltages of not more than 3 % negative phase sequence and or the magnitude of one phase not lower than 5 % than any of the other two for 6 hours.

A Volt/Hz requirement of 1.1 p.u.

A requirement to withstand the ARC cycle for faults on the transmission lines connected to the power station, being three single faults, each of 150 ms duration, within 31 seconds.

Routine and prototype response tests shall be carried out to demonstrate capabilities as indicated in Appendix A, Section A.4.9
1.1.10 On load tap changing for generating unit step-up transformers (GCR12)

Generating unit step-up transformers shall have on-load tap changing where necessary. The range shall be agreed between the Utility and the IPP.

1.1.11 Emergency unit capabilities (GCR13)

All IPPs shall specify their units’ capabilities for providing emergency support under abnormal power system conditions.

1.1.12 Facility for independent generator action. (GCR14)

Power Stations shall be used for frequency control under system island conditions where necessary, and units and associated plant(s) shall be equipped to handle such situations. The required control range is from 58.8 to 61.2 Hz.

1.1.13 Voltage disturbances

The interconnection of a Producer’s generating equipment with BEL System shall not cause any reduction in the quality of service on the BEL System.  No abnormal voltages, frequencies, or interruptions will be permitted.  If high or low voltage complaints, transient voltage complaints, and/or harmonic (voltage distortion) complaints result from operation of a Producer’s generation, Producer’s such generating equipment shall be disconnected from the BEL System until the Producer resolves the problem.  The Producer is responsible for the expense of keeping the generator(s) in good working order so that the voltage, harmonics, power factor (PF), and VAr requirements are always met.  Variable output machines (wind), with fluctuations in plant MW output, may cause fluctuation in power system voltage.  To achieve adequate speed of response to such variations, and plants relying on switched shunt capacitors to control such variations must have the capacitor banks equipped with “rapid dischare” circuits capable of rendering the capacitors available for re-insertion within 5 seconds of de-energization.
The Producer should expect a normal transmission operating voltage range of +/- 5% from nominal.  The plant should be capable of start-up whenever the voltage at the point of interconnection is within this range.  If the auxiliary equipment within the Generator cannot operate within the above range, the Generator will need to provide regulation equipment to limit the station service voltage-level excursions.  During system contingency or emergency operation, operating voltages may vary up to +/- 10% from nominal.

Flicker.  Any voltage flicker at the Point of Connection caused by the Generating Facility should not exceed the limits defined by the "Maximum Borderline of Irritation Curve" identified in IEEE 519.  This requirement is necessary to minimize the adverse voltage effects to other customers on the Power System.

1.1.14 Harmonics

The equipment of the Producer must include protective equipment so the Producer does not introduce excessive distortion to BEL’s System voltage and current waveforms as defined by IEEE 519.  Total harmonic distortion (THD) from the facility will be measured at Point of Interconnection.  The measured results must be within the limits specified in IEEE 519.  The Producer is encouraged to ensure that the facility as designed will comply with these requirements early in the design process.  The Producer is responsible for the elimination of any objectionable interference (whether conducted, induced, or radiated) to communication or signalling circuits or systems, or any miss-operation, failure, or overloading of power system devices or equipment (protective relays, capacitor banks, metering, etc.) arising form non-fundamental current injections into the BEL’s System from the Producer’s facilities.

1.1.15 Interrupting device

Circuit breakers or other interrupting devices at the Point of Common Connection must be Certified or "listed" (as defined in Article 100, the Definitions Section of the National Electrical Code) as suitable for the application.  This includes being capable of interrupting maximum available fault current.

Required HV breaker tripping, fault clearance times, including breaker operating times depend on system conditions and shall be defined by the Utility.  Guidelines for operating times are:

120 ms where the point of connection is 115 kV and below

Further downstream breaker tripping (away from the system), fault clearing times, including breaker operating time, shall not exceed the following:

120 ms plus additional 30 ms for DC offset decay or

100 ms plus additional 40 ms for DC offset decay. 

Where system conditions dictate, these times may be reduced. Where so designed, earth fault clearing times for high resistance earthed systems may exceed the above tripping times.

1.1.16 Disconnect Facility

The Electricity Producer will furnish and install a manual disconnect device that has a visual break and line side ground switch to isolate the Generating Facility from the Power System.  The device must be accessible to the Utility’s personnel and be capable of being locked in the open position.

1.1.17 Testing and compliance monitoring

An IPP shall keep records relating to the compliance by each of its units with each section of this code applicable to that unit, setting out such information that the Utility reasonably requires for assessing power system performance (including actual unit performance during abnormal conditions).

Within one month after the end of June and December, a IPP shall review, and confirm to the Utility, compliance by each of that IPP’s units with every GCR during the past 6 month period. 

An IPP shall conduct tests or studies to demonstrate that each power station and each generating unit complies with each of the requirements of this code. Tests shall be carried out on new units, after every outage where the integrity of any GCR may have been compromised, to demonstrate the compliance of the unit with the relevant GCR(s). The IPP shall continuously monitor its compliance with all the connection conditions of the Grid Code.

Each IPP shall submit to the Utility a detailed test procedure, emphasising system impact, for each relevant part of this code prior to every test.

If an IPP determines, from tests or otherwise, that one of its units or power stations is not complying with one or more sections of this code, then the IPP shall:

· promptly notify the Utility of that fact;

· promptly advise the Utility of the remedial steps it proposes to take to ensure that the relevant unit or power station (as applicable) can comply with this code and the proposed timetable for implementing those steps;

· diligently take such remedial action as will ensure that the relevant unit or power station (as applicable) can comply with this code. The IPP shall regularly report in writing to the Utility on its progress in implementing the remedial action; 

· and after taking remedial action as described above, demonstrate to the reasonable satisfaction of the Utility that the relevant unit or power station (as applicable) is then complying with this code. 

1.1.18 Non-compliance suspected by the Utility

If at any time the Utility believes that a unit or power station is not complying with this code, then the Utility may notify the relevant IPP of such non-compliance specifying the code section concerned and the basis for the Utility’s belief. 

If the relevant IPP believes that the unit or power station (as applicable) is complying with the code, then the Utility and the IPP must promptly meet to resolve their difference. 

1.1.19 Unit modifications

Modification proposals 

If an IPP proposes to change or modify any of its units in a manner that could reasonably be expected to either adversely affect that unit's ability to comply with this code, or changes the performance, information supplied, settings, etc, then that IPP shall submit a proposal notice to the Utility which shall:

1. contain detailed plans of the proposed change or modification; 

2. state when the IPP intends to make the proposed change or modification; and 

3. set out the proposed tests to confirm that the relevant unit as changed or modified operates in the manner contemplated in the proposal, can comply with this code. 

If the Utility disagrees with the proposal submitted, it may notify the relevant IPP, and the Utility and the relevant IPP shall promptly meet and discuss the matter in good faith in an endeavour to resolve the disagreement.

Implementing modifications 

The IPP shall ensure that an approved change or modification to a unit or to a subsystem of a unit is implemented in accordance with the relevant proposal approved by the Utility.

The IPP shall notify the Utility promptly after an approved change or modification to a unit has been implemented. 

Testing of modifications

The Utility shall confirm that a change or modification to any of its units as described above, conforms with the relevant proposal by conducting the relevant tests, in relation to the connection conditions, promptly after the proposal has been implemented. 

Within 20 business days after any such test has been conducted, the relevant IPP shall provide the Utility with a report in relation to that test (including test results of that test, where appropriate). 

1.1.20 Equipment requirements

Where the IPP needs to install equipment that connects directly with Utility’s equipment, for example in the high voltage yard of the Utility, such equipment shall adhere to the Utility’s design requirements.

The Utility may require customers to provide documentary proof that their connection equipment complies with all relevant standards, both by design and by testing.

1.1.21 Effective Grounding

IEEE 142 requires:  The positive sequence reactance is greater than the zero sequence resistance (Ro < X1); and the zero sequence reactance is less than or equal to three times the positive sequence reactance (Xo ≤ 3X1).

All Producer facilities connected to the BEL System must contribute to maintaining an effectively grounded transmission system.  The generator step-up transformer is usually connected such that it isolates the zero sequence circuit of the Producer’s generator from the zero sequence circuit of the BEL System.  
1.1.22 Utility Grade Relay

Utility grade protective and control relays are required for all generation facilities interconnected to the BEL System.  The relays must:

1. Meet or exceed ANSI/IEEE Standards for protective relays (i.e., C37.90, C37.90.1, and C37.90.2).

2. Have documentation covering application, testing, maintenance, and service.

3. Give positive indication of what caused a trip (Targets).

4. Have a means of testing that does not require extensive unwiring (e.g. a draw-out case, test-blocks, FT-1 switches, etc.).

The Producer is strongly encouraged to use microprocessor based protective relays.  The self-diagnostic abilities, the sequence of events capabilities, and increased flexibility of application are highly desirable.

2. Technical Information Requirements

2.1 Technical Information Exchange

2.1.1 Technical Information Requirements from IPPs

All IPPs shall provide all pertinent technical information to the Utility concerning their power plant, and specifically information on for each generating unit, circuit breaker, transformer and any other important equipment which is considered essential within the plant to allow for the generation of power.  Appendix B provides a listing of the information requirements for the equipment specified.  Information to be provided for other equipment will be specified by the Utility upon being identified by the IPP.  This information must be presented to the Utility at least 6 months prior to start-up of the power station, unit or electrical plant.  Delays in providing the information listed herein, could result in the Utility requiring the IPP to delay the commissioning of the power plant and/or generating unit(s).

2.1.2 Technical Information Requirements from the Utility

IPPs shall request technical information from the Utility as required to allow them to do planning and other technical studies.  The Utility shall use its best efforts to supply such information if available within a reasonable time.

A. Appendix A - Surveying, monitoring and testing for generators

A.1. Introduction

This section specifies the procedures to be followed in carrying out the surveying, monitoring or testing:

· of compliance by power stations with the Grid Code

· Provision by power stations of services which are required or they have agreed to provide.

A.2. Request for surveying, monitoring or testing

The Utility may at any time (although it may not do so more than twice in any calendar year in respect of any particular power station except to the extent that it can on reasonable grounds justify the necessity for further tests or unless the further test is a re-test) issue an instruction requiring a power station to carry out a test, at a time no sooner than 48 hours from the time that the instruction was issued, to demonstrate that the relevant power station complies with the Grid Code requirements.

A.3. Ongoing Monitoring of a Unit’s Performance

An IPP shall monitor each of its units during normal service to confirm ongoing compliance with the applicable parts of this code.  Any deviations detected must be reported to the Utility within 5 working days.

An IPP shall keep records relating to the compliance by each of its units with each section of this code applicable to that unit, setting out such information that the Utility reasonably requires for assessing power system performance (including actual unit performance during abnormal conditions).

Within one month after the end of June and December, an IPP shall provide to the Utility a report detailing the compliance by each of that IPP’s units with every code section during the past 6 month period.

A.4. Procedures

	A.4.1  Unit Protection System Grid Code Requirement GCR3

	Parameter
	Reference
	

	Protection Function and Setting Integrity Study
	
	APPLICABILITY AND FREQUENCY

Prototype study: All new power stations coming on line or power stations where major refurbishment or upgrade of protection systems have taken place.
Routine review: All power stations every 6 years.

PURPOSE
To ensure that the relevant protection functions in the power station is co-ordinated with the power system requirements.

PROCEDURE
Prototype:
1. Obtain the required power system protection functions and associated trip level requirements from the Utility.

2. Derive protection functions and settings that match the power station plant, transmission plant and system requirements.

3. Confirm the stability of each protection function for all relevant system conditions.

4. Document the details of the trip levels, stability calculations for each protection function.

5. Convert protection tripping levels for each protection function into per unit base.

6. Consolidate all settings in per unit base for all protection functions in one document

7. Derive actual relay dial setting details and document the relay setting sheet for all protection functions.

8. Document the position of each protection function on one single line diagram of the generating unit and associated connections.

9. Document the tripping functions for each tripping function on one tripping logic diagram.

10. Consolidate detail setting calculations, per unit setting sheets, relay setting sheets, plant base information the settings are based on, tripping logic diagram, protection function single line diagram and relevant protection relay manufacturers information into one document. 

11. Submit to the Utility for their acceptance and update.

12. Provide the Utility with one original reference copy and one working copy.

Routine review: 

1. Review Items 1 to 10 above.

2. Submit to the Utility for their acceptance and update.

3. Provide the Utility with one original reference copy and one working copy.

ACCEPTANCE CRITERIA

All protection functions are set to meet the necessary protection requirements of the transmission and power station plant with minimal margin.  Optimal fault clearing times and plant availability 

Targets are achieved.

Submit a report to the Utility one month after the test

	Protection Integrity Tests
	
	APPLICABILITY

Prototype test:  All new power stations coming on line and all other power stations after major modifications or refurbishment of protection or related plant.  

Routine test:  All Power Stations every 6 years or after major overhaul of  plant.
PURPOSE

To confirm that the protection has been wired and function according to that specified.

PROCEDURE

1. Apply final settings as per agreed documentation to all protection functions. 

2. With the generator unit off load and de-energized, inject appropriate signals into every protection function and confirm correct operation and correct calibration.   Document all protection function operations.

3. Carry out trip testing of all protection functions, from origin (e.g. Buchholz relay) to all tripping output devices (e.g. HV Breaker).  Document all trip test responses.

4. Apply short circuits at all relevant protection zones and with generator at nominal speed excite generator slowly, record currents at all relevant protection functions, and confirm correct operation of all relevant protection functions.  Document all readings and responses.  Remove all short circuits.

5. With the generator at nominal speed, excite generator slowly recording voltages on all relevant protection functions.  Confirm correct operation and correct calibration of all protection functions. Document all readings and responses.

ACCEPTANCE CRITERIA

All protection functions fully operational and operate to required levels within the relay OEM allowable tolerances.

Measuring instrumentation used shall be sufficiently accurate and calibrated to traceable standard.

Submit a report to the Utility one month after the test.


A.4.1. Unit Protection System Grid Code Requirement GCR3
	A.4.2  Unit Islanding Capability Grid Code Requirement GCR4

	Parameter
	Reference
	

	Islanding
	
	APPLICABILITY

Prototype test: All new power stations coming on line and all other power stations after major modifications or refurbishment of protection or related plant.
Routine test: All Power Stations every 6 years or after major overhaul of plant which may affect islanding capability

Continuous monitoring: Where in the day to day running of the plant, a real condition arises where a Generating Unit is required to Island, and the Islanding takes place successfully, and the Islanding condition is sustained as specified under acceptance criteria below or the unit is called to synchronize and completes synchronizing successful, it shall be considered as a successful Islanding test.

PURPOSE

To confirm that Generating Units that have been specified to provide Islanding service, complies.  Islanding is the ability of a Generating Unit to suddenly disconnect from the TS by the opening the HV breaker, and automatically control all the necessary critical parameters sufficiently to maintain the turbine-generator at speed and excited and supplying its own auxiliary load.  This Islanded mode must be sustained for at least 20 minutes without tripping of the turbine, boiler, excitation system, or other systems critical to sustain an Islanding condition.

PROCEDURE

· Generating Unit running at steady state conditions above 60% full load conditions.

· All protection and control systems in normal operating conditions.

· No special modifications to the plant for the purpose of the test, accept installation of monitoring equipment, is allowed.

· The Unit supplies all its own auxiliary load during the test

· No operating is allowed for the first 5 minutes following the initiation of the Islanding.

· Equipment is connected to the Generating unit that records critical parameters.  The following minimum parameters is recorded:

(a) Turbine speed

(b) Alternator load

(c) Alternator voltage and current

(d) Exciter voltage and current

(e) Unit busbar voltage

(f) System frequency

· Initiation of the Islanding is done by opening the HV Breaker/

ACCEPTANCE CRITERIA

The turbine must settle at or close to its nominal speed, the excitation system must remain in automatic mode, supplying all the unit’s auxiliary load.  The Islanding condition must be sustained for at least 20 minutes.


A.4.2. Unit Islanding Capability Grid Code Requirement GCR4
	A.4.3
  Excitation System Grid Code Requirement GCR5

	
Parameter
	Reference
	

	Excitation and Setting Integrity Study
	
	APPLICABILITY AND FREQUENCY

Prototype study: All new power stations coming on line or power stations where major refurbishment or upgrade of protection systems have taken place.
Routine review: All power stations every 6 years.

PURPOSE

To ensure that the Excitation systems in the power station is co-ordinated with the power system requirements.

PROCEDURE

Prototype:
1. Obtain the excitation system performance requirements from the Utility.

2. Derive a suitable model for the excitation system according to IEEE421.  Where necessary, non standard models (non IEEE) shall be created..  This may require frequency response and bode plot tests on the excitation system as described in IEEE 421.

3. Submit the model to the Utility for their acceptance.

4. Derive excitation system settings that match the power station plant, transmission plant and system requirements.  This includes the settings of all parts of the excitation system such as the chop-over limits and levels, limiters, protection devices, alarms.

5. Confirm the stability of the excitation system for relevant excitation system operating conditions.

6. Document the details of the trip levels, stability calculations for each setting and function.

7. Convert settings for each function into per unit base and produce a high level dynamic performance model with actual settings in p.u. values.

8. Derive actual card setting details and document the relay setting sheet for all setting functions.

9. Produce a single line diagram / block diagram of all the functions in the excitation system and indicate signal source.

10. Document the tripping functions for each tripping on one tripping logic diagram.  

11. Consolidate detail setting calculations, model, per unit setting sheets, relay setting sheets, plant base information the settings are based on, tripping logic diagram, protection function single line diagram and relevant protection relay manufacturers information into one document. 

12. Submit to the Utility for their acceptance and update.

13. Provide the Utility with one original master copy and one working copy.

Routine Review: 

Review Items 1 to 10 above.

Submit to the Utility for their acceptance and update.

Provide the Utility with one original master copy and one working copy update if applicable.

ACCEPTANCE CRITERIA

Excitation system is set to meet the necessary control requirements in an optimized manner for the performance of the transmission and power station plant.  Excitation system operates stable both internally and on the network.

Submit a report to the Utility one month after tests are completed.

	Excitation  Response Tests 
	
	APPLICABILITY

Prototype test: All new power stations coming on line and all other power stations after major modifications or refurbishment of protection or related plant.  

Routine test: All Power Stations every 6 years or after major overhaul of plant.

PURPOSE

On confirm that the excitation system performs as per the specified.

PROCEDURE

With the generator off line, carry out frequency scan / bode plot tests on all circuits in the excitation system critical to the performance of the excitation system.

With the generator in the open circuit mode, carry out the Large signal performance testing as described in IEEE 421.  Determine Time response, Ceiling voltage, voltage response,

· With the generator connected to the network and loaded, carry out the small signal performance tests according to IEEE 421.  Also carry out power system stabiliser tests and determine damping with and without Power System stabiliser where applicable.

Document all responses. 

ACCEPTANCE CRITERIA

Excitation system meets the necessary control requirements in an optimised manner for the performance of the transmission and power station plant as specified.   Excitation system operates stable both internally and on the network. Power System stabilisers set for optimised damping.

Submit a report to the Utility one month after tests are completed.


A.4.3. Excitation System Grid Code Requirement GCR5
	A.4.4  Unit Reactive Power Capability Grid Code Requirement GCR6

	Parameter
	Reference
	

	Reactive Power Capability
	
	APPLICABILITY

Prototype test: All new power stations coming on line and all other power stations after major modifications or refurbishment of protection or related plant.

PURPOSE

To confirm that the reactive Power Capability specified are met.
PROCEDURE

The duration of the test will be for a period of up to 60 minutes during which period the System voltage at the Grid Entry Point for the relevant Generating Unit will be maintained by the Generator at the voltage specified  by adjustment of Reactive Power on the remaining Generating Units , if necessary.
ACCEPTANCE CRITERIA
Generating Unit will pass the test if it is within ±5% of the capability registered with the Utility

Submit a report to the Utility one month after the test is completed


A.4.4. Unit Reactive Power Capability Grid Code Requirement GCR6
	A.4.5 - Power Station Multiple Unit Trip Grid Code Requirement GCR7.

	Parameter
	Reference
	

	Multiple Unit Tripping (MUT)Tests, Study and Survey
	
	APPLICABILITY

Prototype tests / study / survey:

· New power stations coming on line, items 1 to 3 below or 
· Power stations where major modifications or changes have been implemented on plant critical to Multiple Unit Tripping.  Applicable item/s listed 1 to 3 below.
Routine assessment: All power stations.  Item 3 below. Annually

Routine testing: All Power Stations.  Every 6 years or after a major overhaul.  Items 1 and 2 below.
PURPOSE

To confirm that a power station is not subjected to unreasonable risk of MUT as defined in Section 1.1.5.

PROCEDURE AND ACCEPTANCE CRITERIA

1.
Emergency supply isolation test:

On all emergency supplies (e.g  DC supplies) common to more than one generating unit, isolate supply for at least one second, with the unit running at full load under normal operating conditions.  Tests are carried out on one unit at the time.  Where two supplies feed one common load, isolation of one supply at a time would be sufficient.  Confirm that that the unit or part of the unit plant does not trip.  No change in the unit output shall take place.  Document results. 

2.
Uninterruptible power supplies (UPS) integrity testing:

On all UPS’s supplying critical loads that can cause tripping of more than one generating unit isolate the AC supply to the UPS for a period of at least 1 minute.  Where two UPS’s supply one common load, one UPS at a time can be isolated.  Load equipment must resume normal operation. Document results.  

3.
Earth mat integrity inspection and testing:

Carry out an inspection and tests on all parts of the power station earth mat that is exposed to lighting surge entry and in close proximity to circuits vulnerable to damage that will result in tripping of more than one generating unit.  Confirm that all the earthing and bonding is in place, and measure resistances to earth at bonding points..  Document findings and results.  

Report to be submitted to the Utility one month after testing.


A.4.5. Power Station Multiple Unit Trip Grid Code Requirement GCR7
	A.4.6 - Governing System Grid Code Requirements GCR8.

	Parameter
	Reference
	

	Governing  Response Tests
	
	APPLICABILITY

Prototype test:  All new power stations coming on line and all other power stations after major modifications or refurbishment of protection or related plant.

Routine test:  All Units to be monitored continuously, additional tests may be requested by the Utility

PURPOSE

Prove the unit is capable of the minimum requirements required for Governing

PROCEDURE

1. Frequency or speed deviation to be injected on the Unit for 10 minutes. 

2. Real Power Output of the Unit is to be measured and recorded.

ACCEPTANCE CRITERIA

Minimum requirements of the Grid Code are met


A.4.6. Governing System Grid Code Requirements GCR8
	A.4.7 - Unit Restart after Station Blackout Capability Grid Code Requirement GCR9

	Parameter
	Reference
	

	Restart after Station Blackout

Survey.
	
	APPLICABILITY

Prototype survey: Item 1 for new power stations or Power Stations where modifications have been carried out on plant critical to multiple unit restarting. 

Routine survey: All power stations.   Item 2 very 3 months.
PURPOSE

 To confirm that a power station can restart unit simultaneously to the criteria outlined in section 1.1.7 after a station blackout condition.

PROCEDURE

1.
Plant capacity survey:

· Identify all supply systems common to two or more systems (e.g. Power supplies, crude oil, air, demineralised water)

· Determine the quantity and supply rate required to simultaneously restart the number of units specified in section 1.1.7
· Document list of critical systems, required stock, study details and findings.

2.
Survey of available stock:

· For each of the applicable critical systems identified, document the average stock for the year, minimum stock and duration below critical stock levels.

ACCEPTANCE CRITERIA

More than 95% of the time of the year, all stocks above critical levels.  

Report to be submitted to the Utility one month after commissioning or surveys.




A.4.7. Unit Restart after Station Blackout Capability Grid Code Requirement GCR9
	A.4.8 - Power Station Black Start Capability Grid Code Requirement GCR10 

	Parameter
	Reference
	

	Unit Black Starting
	
	APPLICABILITY

Routine Test: Power stations that have an arrangement with the Utility to supply Unit Black start services. When called for by the Utility but not more than once every 2 years
PURPOSE

Demonstrate that a Black Start Unit has a Black Start Capability

PROCEDURE

· The relevant Generating Unit shall be Synchronised and Loaded;

· All the Auxiliary Gas Turbines and/or Auxiliary Diesel Engines in the Black Start Station in which that Generating Unit is situated, shall be Shutdown.

· The Generating Unit shall be De-Loaded and De-Synchronised and all alternating current electrical supplies to its Auxiliaries shall be disconnected.

· The Auxiliary Gas Turbine(s) or Auxiliary Diesel Engine(s) to the relevant Generating Unit shall be started, and shall re-energise the busbar of the relevant Generating Unit.

· The Auxiliaries of the relevant Generating Unit shall be fed by the Auxiliary Gas Turbine(s) or Auxiliary Diesel Engine(s), via the Unit’s busbar, to enable the relevant Generating Unit to return to Synchronous Speed.

· The relevant Generating Unit shall be Synchronised to the System but not Loaded, unless the appropriate instruction has been given by the Utility.

All Black Start Tests shall be carried out at the time specified by the Utility in the

notice given under section 1.1.8 and shall be undertaken in the presence of a reasonable number of representatives appointed and authorised by the Utility, who shall be given access to all information relevant to the Black Start Test.

ACCEPTANCE CRITERIA
A Black Start Station shall fail a Black Start Test if the Black Start Test shows That it does not have a Black Start Capability (ie. if the relevant Generating Unit Fails to be Synchronised to the System within 15 minutes of the Auxiliary Gas Turbine(s) or Auxiliary Diesel Engine(s) being required to start).

Submit a report to the Utility one month after test.

	Station Black Starting
	
	APPLICABILITY

Routine test: Power stations that have an arrangement with the Utility to supply Unit Black start services. When called for by the Utility but not more than once every 2 years

PURPOSE

Demonstrate that a Black Start Station has a Black Start Capability

PROCEDURE

· All Generating Units at the Black Start Station, other than the Generating Unit on which the Black Start Test is to be carried out, and all the Auxiliary Gas Turbines and/or Auxiliary Diesel Engines at the Black Start Station, shall be Shutdown.

· The relevant Generating Unit shall be Synchronised and Loaded.

· The relevant Generating Unit shall be De-Loaded and De-Synchronised.

· All external alternating current electrical supplies to the busbar of the relevant Generating Unit, and to the station auxiliary busbar of the relevant Black Start Station, shall be disconnected.

· An Auxiliary Gas Turbine or Auxiliary Diesel Engine at the Black Start Station shall be started, and shall re-energise either directly, or via the station auxiliary busbar, the busbar of the relevant Generating Unit.

· The Auxiliaries of the relevant Generating Unit shall be fed by the Auxiliary Gas Turbine(s) or Auxiliary Diesel Engine(s), via the Unit’s busbar, to enable the relevant Generating Unit to return to Synchronous Speed.

· The relevant Generating Unit shall be synchronised to the System but not Loaded, unless the appropriate instruction has been given by the Utility.

All Black Start Tests shall be carried out at a time specified by the Utility in the and shall be undertaken in the presence of a reasonable number of representatives appointed and authorised by the Utility, who shall be given access to all information relevant to the Black Start Test.

ACCEPTANCE CRITERIA
A Black Start Station shall fail a Black Start Test if the Black Start Test shows that it does not have a Black Start Capability (ie. if the relevant Generating Unit fails to be Synchronised to the System within 15 minutes of the Auxiliary Gas Turbine(s) or Auxiliary Diesel Engine(s) being required to start).

Submit a report to the Utility one month after test.


A.4.8. Power Station Black Start Capability Grid Code Requirement GCR10
	A.4.9 - External Supply Disturbance Withstand Capability Grid Code Requirement GCR11

	Parameter
	Reference
	

	Voltage and Frequency Deviation
	
	APPLICABILITY

Prototype survey / test: New power stations coming on line or power stations where major modifications to plant that may be critical to system supply frequency or voltage magnitude deviations.

Routine testing and survey: All power stations.  Review every 6 years.

PURPOSE

To confirm that the power station and its auxiliary supply loads conforms to the requirements of supply frequency and voltage magnitude deviations as specified in Section 1.1.9.

SCOPE OF PLANT OR SYSTEMS
Critical plant: Equipment or systems that is likely to cause tripping of a unit, or parts of a unit that is likely to cause a Multiple Unit  trip (MUT)

PROCEDURE AND ACCEPTANCE CRITERIA

1.
Frequency deviation survey:
Carry out a survey on the capability of critical plant confirming that it will resume normal operation for frequency deviations as required under Section 1.1.6.  Document Findings.

2.
Voltage magnitude deviation survey:

Carry out a survey on the capability of critical plant confirming that it will resume normal operation for voltage deviations as defined in Section 1.1.9.  Document Findings.  Also consider protection and other tripping functions on critical plant.  Document all findings.

A generating unit or power station must not trip or unduly reduce load for system voltage changes in the range specified in Section 1.1.9.

Document all results.

Report to be submitted to the Utility one month after testing.


A.4.9. External Supply Disturbance Withstand Capability Grid Code Requirement GCR11
	A.4.10 - Emergency Unit capabilities GCR13

	Parameter
	Grid Code 

Reference
	

	Intermediate  Load Capability
	
	APPLICABILITY

Prototype study: All new power stations coming on line or power stations where major refurbishment or upgrade of the Unit have taken place.
Routine test:  All Units to be monitored continuously, additional tests may be requested by the Utility

PURPOSE

Prove Unit can meet the minimum requirements of the Grid Code

PROCEDURE

1. A section of the Unit is to be tripped that will cause a 15% of MCR reduction of the output of the Unit. Should nothing be found to induce this reduction a sudden reduction of the Unit output shall be done manually.

2. The plant is to be monitored and recorded to ensure the plant continues to operate in a stable and controlled mode after the reduction.

ACCEPTANCE CRITERIA

The Unit shall be in a stable and controlled mode after the trip or reduction in the Unit output.



	Loading and De-loading Rates
	
	TYPE

Prototype study: All new power stations coming on line or power stations where major refurbishment or upgrade of the Unit have taken place.
Routine test:  All Units to be monitored continuously, additional tests may be requested by the System Operator

PURPOSE

Prove Unit can meet the minimum requirements of the Grid Code

PROCEDURE

1. The Unit is to be ramped up and down.

2. The Unit is to be monitored and recorded to ensure the plant continues to operate in a stable and controlled mode during and after the ramps.

ACCEPTANCE CRITERIA

The Unit shall be ramped up and down in a stable and controlled mode and shall meet the minimum requirements of the Grid Code.




A.4.10. Emergency Unit capabilities GCR13
B. Technical Information Requirements from IPPs

(a) Power station data

	IPP name
	

	Power station name
	

	Number of units
	

	Primary fuel type / prime mover
	For example diesel gas, hydro, biomass

	Secondary fuel type
	For example oil

	“Restart after station blackout” capacity
	Provide a document containing the following:

Start-up time for the first unit (time from restart initiation to synchronize) and each of the following units assuming that restarting of units will be staggered.

	Black starting capacity
	A document stating the number of units that can be black started at the same time, preparation time for the first unit black starting restarting time for the first unit, and restating time for the rest of the units.

	Partial load rejection capability
	A description of the amount of load the unit can automatically govern back, without any restrictions, as a function of the load at the point of governing initiation.

	Multiple unit tripping (MUT) Risks
	A document outlining all systems common to more than one unit that is likely to cause a MUT.  Discuss the measures taken to reduce the risk of MUT.


(b) Unit data

	Unit number
	

	Capacity
	Unit capacity (MW)

	Manufacturer
	

	Model Number
	

	
	

	
	Units

	Normal maximum continuous generation capacity:
	MW

	Normal maximum continuous sentout capacity
	MW

	Unit auxiliary active load
	MW

	Unit auxiliary reactive load
	MVAr

	Maximum emergency generating capacity
	MW

	Maximum emergency sentout capacity
	MW

	Normal minimum continuous generating capacity
	MW

	Normal minimum continuous sentout capacity
	MW

	Generator rating (Mbase)
	MVA

	Normal maximum lagging power factor
	MVAr

	Normal maximum leading power factor
	MVAr

	Governor droop
	

	Forbidden loading zones
	MW

	Terminal voltage adjustment range
	kV

	Short circuit ratio
	

	Rated stator current
	Amp

	Time to synchronise from warm
	Hour

	Time to synchronise from cold
	Hour

	Minimum up-time
	Hour

	Minimum down-time
	Hour

	Normal loading rate
	MW/min

	Normal deloading rate
	MW/min

	Can the generator start on each fuel?
	

	Ability to change fuels on-load
	

	Partial load rejection capability
	% MW name plate rating

	Minimum time unit operates in island mode
	Hour

	Maximum time unit operates in island mode
	Hour

	
	

	Description
	Data

	Capability chart showing full range of operating capability of the generator, including thermal and excitation limits
	Diagram

	Systems that are common and can cause a multiple unit trip
	Description

	Open circuit magnetisation curves
	Graph

	Short circuit characteristic
	Graph

	Zero power factor curve
	Graph

	V curves
	Diagram

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	Documents
	Description

	Protection setting document 
	A document containing the following:

· A section defining the base values and per unit values to be used

· A single line diagram showing all the protection functions and sources of current and voltage signals

· A protection tripping diagram(s) showing all the protection functions and associated tripping logic and tripping functions

· A detailed description of setting calculation for each protection setting, discussion on protection function stability calculations, and detailed dial settings on the protection relay in order to achieve the required setting

· A section containing a summary of all protection settings on a per unit basis

· A section containing a summary for each of the protection relay dial settings/programming details 

· An annex containing equipment information data (e.g. OEM data) on which the settings are based

· An annex containing OEM information sheets or documents describing the protection relays functions

	Excitation setting document
	A document containing the following:

· A section defining the base values and per unit values to be used

· A single line diagram showing all the excitation system functions and all the related protection functions

· An excitation system transfer function block diagram in accordance with IEEE or IEC standard models

· A detailed description of setting calculation for each of the excitation system functions, discussion on function stability calculations, and detailed dial settings on the excitation system in order to achieve the required setting

· A section containing a summery of all settings on a per unit basis

· A section containing a summary for each of the excitation system dial settings/programming details.

· An annex containing equipment information data (e.g. OEM data) on which the settings are based

· An annex containing OEM information sheets or documents describing the performance of the overall excitation system and each excitation function for which a setting is derived

	Governor setting document
	A document containing the following:

· A section defining the base values and per unit values to be used

· A single line diagram showing all the governor system functions and all the related protection functions

· A governor system transfer function block diagram in accordance with IEEE standard models

· A detailed description of setting calculation for each of the governor system functions, discussion on function stability calculations, and detailed dial settings on the governor system in order to achieve the required setting

· A section containing a summery of all settings on a per unit basis

· A section containing a summary for each of the governor system dial settings/programming details 

· An annex containing equipment information data (e.g. OEM data) on which the settings are based

· An annex containing OEM information sheets or documents describing the performance of the overall governor system and each governor function for which a setting is derived


(c) Unit parameters

	
	Symbol
	Units

	Direct axis synchronous reactance
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	Direct axis transient reactance saturated
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	Direct axis transient reactance unsaturated
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	Sub-transient reactance unsaturated
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	Quad axis synchronous reactance
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	Quad axis transient reactance unsaturated
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	Negative phase sequence synchronous reactance
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	Zero phase sequence reactance
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	Turbine generator inertia constant for entire rotating mass
	H
	MW s/MVA

	Stator resistance
	Ra
	% on rating

	Stator leakage reactance
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	Poiter reactance
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	Generator time constants:

· Direct axis open-circuit transient

· Direct axis open-circuit sub-transient

· Quad axis open-circuit transient

· Quad axis open-circuit sub-transient

· Direct axis short-circuit transient

· Direct axis short-circuit sub-transient

· Quad axis short-circuit transient

· Quad axis short-circuit sub-transient
	Tdo’

Tdo’’

Tqo’ 

Tqo’’

Td’

Td’’

Tq’

Tq’’
	sec

sec

sec

sec

sec

sec

sec

sec

	Speed damping
	D
	

	Saturation ratio at 1 pu terminal voltage
	S(1.0)
	

	Saturation ratio at 1.2 pu terminal voltage
	S(1.2)
	


(d) Excitation system

The IPP shall fill in the following parameters or supply a Laplace-domain control block diagram in accordance with IEEE or IEC standard excitation models (or as otherwise agreed with the Utility) completely specifying all time constants and gains to fully explain the transfer function from the compensator or unit terminal voltage and field current to unit field voltage.  The IPP shall perform, or cause to be performed, small signal dynamic studies to ensure that the proposed excitation system and turbine governor do not cause dynamic instability. Where applicable, a PSS (power system stabiliser) shall be included in the excitation system to ensure proper tuning of the excitation system for stability purposes.

	
	Symbol
	Units

	Excitation system type (AC or DC)
	
	Text

	Excitation feeding arrangement (solid or shunt)
	
	Text

	Excitation system filter time constant
	Tr
	sec

	Excitation system lead time constant
	Tc
	sec

	Excitation system lag time constant
	Tb
	sec

	Excitation system controller gain
	Ka
	

	Excitation system controller lag time constant
	Ta
	sec

	Excitation system maximum controller output
	Vmax
	p.u.

	Excitation system minimum controller output
	Vmin
	p.u.

	Excitation system regulation factor
	Kc
	

	Excitation system rate feedback gain
	Kf
	

	Excitation system rate feedback time constant
	Tf
	sec


(e) Speed governor system, turbine and boiler models

The IPP shall supply a Laplace domain control block diagram in accordance with IEEE standard prime mover models for thermal and hydro units (or as otherwise agreed with the Utility), fully specifying all time constants and gains to fully explain the transfer function for the governor, turbine, penstocks and control systems in relation to frequency deviations and setpoint operation.

(f) Control devices and protection relays

The IPP shall supply any additional Laplace domain control diagrams for any outstanding control devices (including power system stabilisers) or special protection relays in the unit that automatically impinge on its operating characteristics within 30 seconds following a system disturbance and that have a minimum time constant of at least 0,02 seconds.

(g) Unit step-up transformer

	
	Symbol
	Units

	Manufacturer
	
	

	Model Number
	
	

	Number of windings
	
	

	Vector group
	
	

	Rated current of each winding
	
	Amps

	Transformer rating
	
	MVATrans

	Transformer nominal LV voltage
	
	kV

	Transformer nominal HV voltage
	
	kV

	Tapped winding
	
	

	Transformer ratio at all transformer taps
	
	

	Transformer impedance at all taps

(For three winding transformers the HV/LV1, HV/LV2 and LV1/LV2 impedances together with associated bases shall be provided)
	
	% on rating MVATrans

	Transformer zero sequence impedance at nominal tap
	
[image: image11.wmf]Z
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	Ohm

	Earthing arrangement, including neutral earthing resistance and reactance
	
	

	Core construction (number of limbs, shell or core type)
	
	

	Open circuit characteristic
	
	Graph


(h) Circuit Breaker

	
	Symbol
	Units

	Manufacturer
	
	

	Model Number
	
	

	Type
	
	

	Rated voltage
	
	kV

	Rated maximum voltage
	
	kV

	Rated continuous current at 40 deg C
	
	Amps

	Rated breaking capacity
	
	MVA

	Rated Interrupting time
	
	sec

	Trip initiation to arc extinction vs. percent rated
	
	graph

	Reclosing time
	
	sec

	Peak value of switching overvoltage
	
	kV/pu

	Rate of rise restrike voltage at 100% breaking capacity
	
	kV/µsec

	Rated lightening impulse withstand voltage
	
	kV

	Rated frequency
	
	Hz

	Rated Operating Sequence
	
	

	Rated transient recovery voltage
	
	kV

	Rated short circuit making current
	
	kA

	Rated out-of phase breaking current
	
	kA

	Rated duration of short circuit
	
	sec

	Maximum pole spread
	
	ms
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