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ABSTRACT 

This paper presents the results of a survey of requirements of utilities for generator data for system studies and the need for this data to be kept confidential. The survey was conducted among members of CIGRE Study Committee C1. 

INTRODUCTION 

Network businesses have expressed concern about generator proponents not providing adequate information for appropriate system simulation studies in time to assess their applications for access to networks. Options available include decisions to be strict or flexible, or even to refuse to process application to connect to until all information is submitted. This was considered to be a general problem in the industry and a survey was conducted to see if the problem is widespread and whether the measures to address this problem are consistent. 

Dynamic models are central to this issue. They are required to determine whether a proposed generator will perform satisfactorily during and after disturbances. 

NEED FOR DYNAMIC MODELS 

The need for computer models and their accuracy depends on the relative importance of the unit or the group of generators of a particular type to the power system in which they operate. The models are quite important when these particular units: a) form a large proportion of the total generation in the system, and b) dominate transients in the part of the system under consideration. 

Wind generation plants have gained increasing popularity in the past few years and are becoming a significant portion of the generation mix in power systems around the world. This trend is likely to continue. Newer and larger projects are often located in relatively remote locations, even offshore, where they dominate local transients. In the case of isolated power systems, large wind penetration may also have a system wide impact on the level of generation reserves and frequency control. 

Wind generation and their controls are notably different from the conventional synchronous machines driven by steam or gas turbines. In order to maximize the extraction of energy from wind, wind plant typically relies on the use of either squirrel-cage or doubly fed induction generators or grid side converters. These three main types of non-synchronous generators respond to system disturbances quite differently than conventional synchronous plant. 

Whereas it has been possible to assess adequately applications for access when there have been very few wind projects of relatively low MW output without adequate computer models for dynamic simulations, that may no longer be the case and it appears that the industry is at this cross-road.  

In addition, greater pressure to defer investment has led to the need for more refined and detailed system studies. This has created the need for better and more accurate models of all plant in the system because power systems are operated closer to their physical limits.   A further complicating factor relates to the introduction of electricity markets which is leading to greater cross border trading and a greater interest by utilities in the performance of adjacent networks. In a system which comprises a number interconnected networks of individual utilities/power companies, the assessment of inter-area mode of oscillation requires dynamic models for all generation plant from different utilities/power companies. 

In order to determine utility experiences with, and interest in, this problem of obtaining dynamic models for generators a survey was initiated by Phil Southwell, Australian Member of Study Committee C1 (System Development and Economics). This article reports the results of this survey. 

SURVEY RESULTS 

In January 2005, the survey was emailed to 34 members of CIGRE Study Committee C1 who further circulated it to utilities and Network Service Providers in their respective countries. Replies were received from 18 countries. One of the replies did not have anything to report. The other 17 replies responded to all questions in the survey. 

The survey comprised the following three questions:

· Is it a requirement that a generator model must be provided before a generator can be connected to a network ?

· Is it a condition of connection that the generator data will not be kept confidential ?

· What is the lowest voltage or generator size that the rules apply to ? 

In addition to the three questions, the recipients of the questionnaire were asked to provide comments or any additional information considered appropriate. 

CONCLUSIONS 

There is great industry interest in dynamic models, particularly for windfarms, despite difficulties in obtaining these data from manufacturers and in making them available to other network users.  This is indicated by the large number of responses to the survey (18 of 34) and the comments provided by respondents. 

The replies indicate that it is becoming crucial for the industry to have a source of information that defines the control and protection characteristics of the wind power plant. This would allow greater confidence to be placed on the results of computer simulations, thereby streamlining the work of utilities and other parties and assisting them to run their businesses more efficiently. 

There is work to be done to develop generic models of particular types of generators such as wind turbines for use as public domain information; this is indicated by lack of confidence in models supplied in the form of a "black box" (object code), particularly if they are not validated by factory tests, and by reluctance of some manufacturers of wind and aero-derivative gas turbines to provide meaningful block diagram models. Perhaps, a new working group needs to be established to facilitate the creation of industry recognized dynamic models.   

The survey results indicate the desirability of obtaining manufacturers' permission for limited circulation of models to third parties, which is necessary to enable future system developer access to a complete dynamic model of the power system. 

Finally, the respondents also reported that dynamic models are required for generation proposals for connections to medium voltage distribution systems and above, and/or for those with the combined output larger than a predetermined MW limit.  This ranges from 2MW (5MW for wind farms) up to 50MW depending on the power system and the location of the generator within the system. In addition, Germany advised that models are required for all generators including those connected at low voltage. 

The replies to the questionnaire and comments received are summarized in the table below:

Table – Summary of the survey on confidentiality and generator data

Q1: 
Is it a requirement that a generator model must be provided before a generator can be connected to the network?

Q2:
Is it a condition of connection that the generator data will not be kept confidential?

Q3: 
What is the lowest voltage or generator size that the rules apply to?

	Country
	Q1
	Q2
	Q3
	Comments

	Australia

Australia


	Yes

Yes


	Yes, 

to the extent defined under the Rules

Yes,

to the extent defined under the Rules.


	> 30MW 

at distribution levels (down to around 11kV)

> 30MW 

at distribution levels (down to around 11kV)


	NER  - National Electricity Rules 

NEMMCO  -  National Electricity Market Management Company

NSP  -  Network Service Provider

Link to the NER follows:

http://aemc.gov.au/electricity.htm#rules 



	
	
	
	
	Q1
	NER S5.5 requires preliminary data to be provided at the time of negotiation, to enable assessment of the impact of the connection. 

NER S5.2.4  (used in conjunction with Clause 2.2.3(c) for non-scheduled plant) requires detailed models to be provided at least 3 months prior to commissioning. 

Some dispensation is allowed for small generation of < 30MW connected to distribution provided in NER S5.5.6. 

NER S5.5 requires model data to be derived by on-system tests.

Issues:

· Model accuracy - an erroneous model could lead to an inadequate system design or incorrect power system operation. 

· Robustness of the model, numerical instability - simulation crashes. 

· Some wind turbine models only apply to the wind farm operating at full load – not sufficiently flexible for operational use. 

· Some wind turbine manufacturers reluctant to provide a meaningful block diagram model. 

· This reduces confidence in the outputs of wind farm models. 

· The need for reliable, accurate and robust models for operational and planning use. 

· Models sometimes supplied in the “object code”, ie as a black box to prevent reverse engineering. 

A solution being considered to protect design information is to compromise for the provision of models, such that these need not be based on the physical components that reveal hardware. 

· Generators to provide computer model suitable for use in software nominated by the NSP, typically PSS/E, in addition to the block diagram transfer function model. 



	
	
	
	
	Q2
	NER 3.13.3 covers disclosure of data. NSPs must make it available to NEMMCO who in turn must make it available to other NSPs and Rules Participants. 

NER 8.6.2 (m) refers to exceptions to the confidentiality requirements. All modelling data is included in the list of exceptions.

Suggested compromise for timing, accuracy of the model and confidentiality: 

- Connection application: compliant design model, confidential info; 

- Committed to proceed: compliant design model, able to be provided to others for the purposes of preparing an application to connect;

- Operation: validated model, available to all existing and prospective Rules Participants. 

Guidelines are provided for model design to be compliant.
Issues:

· Some models (primarily wind turbine models) have been offered on a confidential basis, which does not satisfy the requirements of NER for models to be available to other participants for on-going development. 

· Withholding information would prevent future developers from having access to a full system model. 



	
	
	
	
	Q3
	Requirement to supply models is often waived for relatively small machines considered unlikely to have adverse impact on the system (rated < 30MW).  

The lowest reported voltage to which the rules would apply is 11kV. However, the need for dynamic model may be waived if the NSP decides that dynamic simulations are not needed. 

Initial wind farms in Victoria were registered without models being provided, 20MW at 66kV. 

Embedded industrial generators are generally not modelled.     Small hydro generators are sometimes modelled, mainly because data was available. 

Varying practice among NSPs.

	Argentina
	Yes
	Yes
	> 10MW at transmission
	Q1
	Yes, preliminary models are required before commissioning  : to enable assessment of the impact of the connection. These models are validated by site tests during and after commissioning. Large discrepancies may initiate new studies. The models must include: 

· AVR – Automatic Voltage Regulator

· UEL and OEL limiters

· Volt/Hz limiters

· PSS – Power System Stabilisers

· GOV – Automatic load/frequency turbine regulator

Issues

· Model accuracy

· Robustness of the model

· Generators must provide computer model suitable for use in software nominated by CAMMESA (SO), typically PSS/E, in addition to the block diagram transfer function model. 

· Models suppled in the “object code”, ie as a black box, are not allowed

In any case, the best available model at the planning stage should be used. 



	
	
	
	
	Q2
	Yes, because it is understood that models good enough for power system studies do not lead to technology transfer (functional models are required, not those based on the physical components of the equipment). 

· The industry needs functional models, not those based on physical components that reveals hardware. 

Issues:

· If these requirements are included in the bid, we are sure that the manufacturers would accept them. 

	
	
	
	
	Q3
	Complete data for machines above 10MW connected to bulk power systems. Basic data otherwise.



	Belgium
	Yes
	No
	All generators1

( 6kV
	Q1
	Yes, both static and dynamic data.

	
	
	
	
	Q2
	Generator must make data/model available to the Grid Operator who is subjected to stringent confidentiality and is disallowed to disclose data to third parties (even with permission). 

Any network user is permitted to declare some of its data confidential. 

Grid Operator is allowed to use data for own purposes, ie for operation, maintenance and development of the system. 

	
	
	
	
	Q3
	The requirements apply to any voltage level above 6kV and rated power, if the generator is connected to the network. 

	Ireland
	Yes1
	No
	For scheduled generation:  > 2MW and   > 20kV; 

For wind farms:          > 5MW
	Rules regarding generator data are set in the Planning Code of the Grid Code. For distribution connections, the rules are in the Distribution Code (DCC9.3 and DDRC). 

Links to both documents follow: 

Grid Code

http://www.eigrid.com/EirGridPortal/DesktopDefault.aspx?tabid=Grid%20Code&TreeLinkModID=1451&TreeLinkItemID=18
Distribution Code

http://www.esb.ie/esbnetworks/standards_codes/distribution_code.jsp

	
	
	
	
	Q1
	Yes, computer model is a prerequisite to process enquiry/application. 

Issues:

· System Operator needs to have data to model the system, to meet own statutory obligations. 

· Generators to provide computer models suitable for use in software nominated by the NSP, currently PSS/E. 

· Wind farm manufacturers have been trying to keep their models confidential. 

· Models often supplied in the “object code”, ie as a black box. 

· New Planning Code Appendix provisions allow us to demand the source code, but require us to keep it confidential.  

	
	
	
	
	Q2
	Basic generation information published in forecast statement. Other data treated as confidential. 

Issues:

· Dynamic models not made public nor disclosed to other generators (users). 

· Requests for dynamic information managed via consultants and confidentiality agreements. Communication of the results between the users through the System Operator. 

· Each request for data from generators clearly states whether we intend to publish it or not. 

	
	
	
	
	Q3
	For scheduled generation, for sizes > 2 MW and connected above 20kV; 

For non-scheduled generation (wind farms), for sizes > 5MW. 

Only generic type data is required for wind farms < 5 MW.  



	Croatia
	No
	N/a
	N/a
	No, there are no requirements to provide a generator model before connecting a generator, but you gave us a good idea. 

	Qatar
	Yes
	Yes
	All exporting plant
	         IPP  -  Independent Power Producer

	
	
	
	
	Q1
	Yes, our requirement in the purchase tender is for an IPP to provide us with a complete study to prove safe integration of their generator into our network. 

We do not require proper studies for non-exporting customers, ie for those bulk customers who wish to produce internally. 

	
	
	
	
	Q2
	Yes, as our utility holds monopoly over purchase and sales of electricity. 

	
	
	
	
	Q3
	All exporting plant. 

	South Africa
	Yes
	No, as it appears that the information owner has the power to declare it confidential
	40MW
	Q1
	Yes, there are 6 yearly tests required to verify certain elements of the model after each major refurbishment.

	
	
	
	
	Q2
	The information exchanged is not confidential unless otherwise stated. 

Confidential information should not be transferred without the written consent of the owner, and there are few other rules for handling confidential data. 

	
	
	
	
	Q3
	Our smallest unit is about 40MW, connected to 132kV. 

There are no small municipal generators connected to lower voltages. They are still discussed. 

	Spain
	Yes
	No
	Any MW at transmission and 

> 50MW at distribution


	Q1
	Preliminary data for connection application/enquiry, and definitive data prior to the actual connection. 

	
	
	
	
	Q2
	By the grid code, TSO (REE) must keep confidentiality on the generators data received (except for Regulator and distribution systems operators)

However, some general data may be considered public since are published in the Administrative Resolutions/Authorizations by the National or Regional Authorities, for example ratings, type, make, model, etc. Other electric characteristics (such as dynamic models) are kept confidential. 

	
	
	
	
	Q3
	Any plant connected to transmission (220 and 400 kV) as well as any plant connected to distribution with significant influence over transmission system (in practical terms, this implies  > 50 MW connected to distribution)

	Switzerland
	N/a
	N/a
	N/a
	There is no Grid Code in Switzerland. 

	
	
	
	
	Q1
	No, we do not have any formal requirements for connection of new generators. 

Issues:

· Hydro turbines, hydraulic system uncertainty makes it very difficult for an engineering company to develop a useful preliminary model in advance. 

· Model and performance validation, through records of commissioning tests and comparison with the predicted response in simulations. 

	
	
	
	
	Q2
	The information is of no use to the public, so confidentiality is ok. 

Suggested approach for timing, accuracy of the model and confidentiality for new generators > 100MW: 

· Connection enquiry/application: preliminary model, confidential info

· Commissioning: best available model, confidential info 

· Operation: verified model and performance, confidential info 

	
	
	
	
	Q3
	No, we do not have any formal requirements for connection of new generators. 

These would probably apply to generators > 100MW. 



	Northern Ireland
	Yes
	No
	5MW
	Q1
	Yes, and compliance testing performance to the model which we have agreed

	
	
	
	
	Q2
	No, generator data is still confidential

	
	
	
	
	Q3
	Grid Code applies to generators > 5 MW. 

More limited data required below that. 

	UK
	Yes
	No
	Varying practice: 

5 – 50MW
	Q1
	Yes, including plant compliance testing and validation of the model.

	
	
	
	
	Q2
	No, generator data is still confidential. 

	
	
	
	
	Q3
	Connection rules are based on MW size not voltage level and they reflect the strength of the system and other local conditions as follows: 

·   5MW in Northern Scotland, 

· 30MW in Southern Scotland, and 

· 50MW in England & Wales. 

	USA
	Yes
	Depends on the contract
	>20MW in transmission systems under FERC jurisdiction
	          FERC  - Federal Energy Regulatory Commission 

Varying practice among NSPs. 

FERC established rules for large generator connections, > 20MW. 

These rules only apply to jurisdictional systems. 

Non-jurisdictional systems can set their own rules. 

FERC established guidelines for small generators, < 20MW connected to transmission system. 

Links to both documents follows:

Order 2003-A Generator Connections: 

http://www.ferc.gov/industries/electric/indus-act/gi/stnd-gen/order2003-a.pdf 

Guidelines for small generator connections: 

http://www.ferc.gov/industries/electric/indus-act/gi/small-gen/sm-gen-fact-sheet.pdf

	
	
	
	
	Q1
	Generators are required to provide sufficient information to permit accurate modelling of the proposed facility. 

Withholding generator technical specification would jeopardize the application, as the NSPs has the right to conduct a feasibility study prior to installation of a new generator. 

	
	
	
	
	Q2
	Depends on the negotiated contract.

	
	
	
	
	Q3
	< 20 MW connected to transmission system, only applicable to jurisdictional systems under FERC regulations.

	NZ
	Yes
	No, but this issue is under litigation 
	30MW, capacity limit
	See Section C3 of Technical Code A C1 2.2 below:

http://www.electricitycommission.govt.nz/rulesandregs/rules/rulespdf/Part-C-13-Jan-05.pdf
The asset capability statement can be downloaded from: 

http://www.transpower.co.nz/?id=4471 

	
	
	
	
	Q1
	Yes, all generators are required to complete full asset capability statement prior to connection and commissioning.  

	
	
	
	
	Q2
	No, as per clause 3.3 of the Technical Code A above, the third party confidential info except where required otherwise by the law,. However, this issue is under litigation and many would like this information becoming public as an outcome. 

	
	
	
	
	Q3
	30MW. Dispensation for generators < 30 MW (down to 1MW)

	Hungary
	Yes
	Yes/No, disclosure to limited audience permitted
	 120kV 
	Q1
	Yes, all plant data necessary for computer simulations must be provided twice, as part of the Connection Design Plan, and then as part of the Commissioning Plan. 

	
	
	
	
	Q2
	As the above documents have limited circulation (regulator, system operator and affected NSPs). Further disclosure of the data requires consent of the owner and written confidentiality agreement between the parties. 

	
	
	
	
	Q3
	The rules generally apply to all units, however the audience for the documents of Q1 varies with the aggregate unit size at the connection point. 

For ( 120kV, Transmission (Operation) Code applies requiring circulation to all parties mentioned in Q2. 

For < 5MW, only the local NSP needs to be involved (not the regulator, system operator or other NSPs)  

For < 120kV, Distribution Code applies which does not specifically require these data to be provided. 

	Portugal
	Yes
	No
	 >50MW

>10MW for wind farms 
	Q1
	Generators must provide data suitable for the connection's  feasibility studies.

For thermal units and big hydro power plants the data must include all type which allow TSO integration's studies as load-flow, system contingency constraints, short-circuit and stability analysis.   

For wind generators only installed power is required. No generator model or specification has been until now required.

There are no commissioning tests. There are no specified penalties for non-fulfilment.

	
	
	
	
	Q2
	There is no explicit agreement for data confidentiality, unless for dynamic model when generators request it. In particular with some wind generator manufacturers, there is a confidentiality agreement, concerning the detailed dynamic model.

	
	
	
	
	Q3
	The main generator characteristics as installed power and typical output profile must be provided for any new generator no matter connected to transport or distribution network, for nominal power greater than 0,1 MW.

	Italy
	Yes
	No, the generator data are kept confidential.
	> 120 kV (connection voltage)

> 10 MW (power capacity)
	Q1
	According to the Grid Code, information to be provided must enable the national TNSP (GRTN) to build up models suitable for all types of system studies (load flow, fault, dynamics). For generators the data also include: description of the kind of power plant (base load, peak, ...) , capability curves, load ramp limits, load rejection, black start service, other technical limits on power/frequency/voltage. 

As regards frequency and voltage regulators, general data are usually required, such as: description of the speed governor (mechanical, electronically controlled) and AVR & exciter. The already connected power plants should keep updated local data based on the power plant assets, ready to be provided to GRTN upon request.

Moreover, special agreements bind the producers to respect GRTN specifications about generator performances, including frequency and voltage regulation and protection devices. 

No block diagram of the machines for transient studies is supplied.  It is not the usual practice of the manufacturers to give this information for old units or for new ones.  

	
	
	
	
	Q2
	Data on models of generator are kept confidential, because usually there is no reason to make them public information. 

	
	
	
	
	Q3
	The rules are valid for national power transmission grid, where the lowest voltage is 120kV. The lowest generator size getting connection to the grid is 10 MW. 

	Germany
	Yes
	Not stipulated
	All gens, down to LV
	Q1
	Yes, requirement for “controller block diagrams”

	
	
	
	
	Q2
	Not stipulated in Transmission and Distribution Codes.            It appears that it is left to be agreed between the parties in the access contract on a case-by-case basis. 

	
	
	
	
	Q3
	Transmission code: all generation  ( 110 kV. 

Distribution Code:    all generation < 110 kV.

	France

Transmission system
	Yes
	No
	> 63 kV

> 12 MW
	Q1
	Generators are required by decree to provide sufficient information to permit the TSO to conduct feasibility studies prior to the connection.

The list of data to provide is given in a grid code to be published in July 2005.

	
	
	
	
	Q2
	As the information is useless for the public, it is kept confidential. 

However there is no legal obligation for such a confidentiality.

	
	
	
	
	Q3
	The list of data available in the future grid code is a general framework that can be used for installation of tens of MW of generation such as wind farms up to installations of thousands of MW of generators such as nuclear power plants connected to the 400 kV power system.

The list is tailored to each new installation depending on its impact on the grid.

Embedded generation in industrial installations or on MV networks is presently not modelled.

	Canada
	Yes
	No
	50kV & above

10MVA & above
	Q1
	Generators connecting to the transmission system or those 10 MVA and above are required to provide the generator model.

	
	
	
	
	Q2
	No, the generator data is still confidential.

	
	
	
	
	Q3
	Generators connecting to the transmission system (50kV and above) are required to comply with the requirements of the Transmission System Code (TSC), and the Market Rules.

Generators connecting to the distribution system (below 50kV) are required to comply with the requirements of the Distribution System Code (DSC).

	
	
	
	
	
	

	
	
	
	
	
	


1)
Unsure for distribution connections.
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