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NOTE CONCERNING WORDING USED IN THIS 219 

DOCUMENT 220 

The force of the following words is modified by the requirement level of the document in which 221 
they are used. 222 

MUST: This word, or the terms “REQUIRED” or “SHALL”, means that the definition is an absolute 223 
requirement of the specification. 224 

MUST NOT: This phrase, or the phrase “SHALL NOT”, means that the definition is an absolute 225 
prohibition of the specification. 226 

SHOULD: This word, or the adjective “RECOMMENDED”, means that there may exist valid reasons 227 
circumstances to ignore an item, but the full implications must be understood and carefully 228 
weighed before choosing a different course.  229 

SHOULD NOT: This phrase, or the phrase “NOT RECOMMENDED”, means that there may exist 230 
circumstances when the particular behaviour is acceptable or even useful, but the full 231 
implications should be understood, and the case carefully weighed before implementing any 232 
behaviour described with this label. 233 

MAY: This word, or the adjective “OPTIONAL”, means that an item is truly optional. One vendor  234 
may choose to include the item because a marketplace requires it or because the vendor feels 235 
that it enhances the product while another vendor may omit the same item. An implementation 236 
which does not include an OPTION MUST be prepared to interoperate with another 237 
implementation which does include the OPTION, though perhaps with reduced functionality. An 238 
implementation which does include an OPTION MUST be prepared to interoperate with another 239 
implementation which does not include the OPTION (except, of course, for the feature the option 240 
provides.) 241 

DEPRECATED: this word means that a previously permitted entity should no longer be used in 242 
new implementations as in a future release the object in question may be suppressed.  243 

244 
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1. Introduction 245 

This implementation guide advises TSOs on the power system modelling necessary for the 246 
creation of Individual Grid Models (IGM), which is  exchanged and used by the merging agent to 247 
perform the merging process, i.e., the merging of IGMs into a Common Grid Model (CGM). The 248 
merging process is performed repeatedly for different timeframes to serve the different RSC/RCC 249 
services that are using the CGM: Coordinated Capacity Calculation, Coordinated Security Analysis  250 
including regional services, Outage Planning and Short-Term Adequacy Forecast. 251 

The CGM creation process has two-steps. In the first step TSOs, as a modelling authority, create 252 
power system models covering at least the network regions they are responsible of, and perform 253 
power flow calculations for it. This is a basis for the preparation of the IGMs. In the second step 254 
merging agents, e.g., Regional Security Coordinators – RSCs or RCC, collect and assemble IGMs 255 
into merged models – CGMs. As of Article 2(2) of Regulation (EU) 2015/1222 the term CGM refers 256 
to a Union-wide data set agreed between various TSOs describing the main characteristic of the 257 
power system (generation, loads and grid topology) and rules for changing these characteristics  258 
during the capacity calculation process. With the approval of other network codes and related 259 
methodologies the IGMs and CGMs are used not only for capacity calculation, but also in other 260 
business processes, as mentioned above. There can be similar models on the level of synchronous 261 
areas which strictly are no CGMs (not Union-wide) but merged models. In the document, 262 
whenever the term CGM is used it stands for both a CGM and a merged model except where the 263 
merged model is explicitly mentioned. 264 

The CGM creation is envisaged as a fully automated process that does not require human 265 
attention if the power flow results satisfy the criteria stipulated for the business processes. 266 

The exchange of IGMs and CGMs is based on the Common Grid Model Exchange Standard 267 
(CGMES). CGMES has different profiles that divide data in groups with different exchange cycles. 268 
This document focuses on the following profiles: 269 

• Equipment (EQ) profile, an equipment instance file that describes the equipment of the 270 
power system model covered by a Modelling Authority Set . It is updated when the 271 
equipment changes. This data is referenced by instance data representing other profiles 272 
that are exchanged with higher frequency, e.g., every market time unit. 273 

• Steady State Hypothesis (SSH) profile, a steady state hypothesis instance file that contains 274 
all objects required to exchange input parameters to be able to perform power flow 275 
simulations. It can be exchanged for every market time unit. 276 

• Topology (TP) profile, a topology instance file that contains all topology objects for a 277 
Modelling Authority Set referencing the corresponding equipment and describing the 278 
output1 of a topology processing of a model. It can be exchanged for every market time 279 
unit. 280 

• State Variables (SV) profile, a state variable instance file that contains all objects required 281 
to exchange the result of a steady-state power flow solution. It can be exchanged for 282 
every market time unit. 283 

Following currently established processes of IGM exchange over ENTSO-E operational planning 284 
data environment (OPDE) and the implemented solution, SSH, TP and SV profile must be 285 
exchanged for every market time unit.  286 

 

1  In CGMES v2.4 in the case where the connectivity is built based on TopologicalNode, the TP profile instance file 

can be considered as input. 
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A typical scenario of an exchange of a solved power system model of a TSOs would be to exchange 287 
one EQ instance file valid for several time stamps and one set of SSH, TP and SV instance files per 288 
time step, e.g., for every market time unit, depending on a time horizon. For example, in case of 289 
day-ahead congestion forecast process 242 sets are covering an energy delivery day but in case 290 
of intraday the data exchange can start up to 293 hours ahead, see also Table 3 and Table 4. 291 

For a power flow calculation to create meaningful and reliable result , the exchanged data must 292 
meet quality criterions specified in detail in the CGMES [2] and QoCDC [3], i.e. 293 

• The equipment data must be accurate and with good fidelity describe the real equipment. 294 
If this is not the case the power flow result may be meaningless.  295 

• The market schedules must be mapped to power flow inputs close to loads and  296 
productions as they appear at injection points on the borders of the IGM. If this is not the 297 
case solved power flows and area interchanges may not be representative.  298 

• Modelling of controls and constraints need to reflect real behaviour and limit values so 299 
power flow calculation response to contingencies is accurate. 300 

The CGMES allows for detailed modelling of power systems, traditional bus branch style models 301 
as well as node breaker models including measurements. The detailed modelling enables better 302 
alignment between power flow results and the real state in the modelled power sys tem. Latest 303 
versions of CGMES also allows detailed models to be combined with bus branch style models, 304 
which enables a gradual transition to more detailed modelling. The capability for detailed 305 
modelling also means more data to manage, keep consistent and of good quality. 306 

This document replaces the CGM BUILDING PROCESS IMPLEMENTATION GUIDE AC PART (AC IG) 307 
version 1.3.  308 

This version the CGM Implementation guide addresses the following topics: 309 

a) HVDC modelling: 310 

• Location of Shunts or filters used by current source converters. 311 

• The HVDC boundary configuration to overcome the issue related to modelling of a 312 
BoundaryPoint in a Substation4.  313 

• The explicit modelling of HVDC links and poles that are not described in CGMES v2.4 or in 314 
CIM in general.  315 

• Market schedule values linkage with HVDC poles to enable the poles split and loss 316 
calculation function (PSLC).  317 

• Representation of HVDC links to properly respond to contingencies, remedial actions or 318 
changes in active power transfer when the response needs to be described so it can be 319 
simulated by the power flow algorithm.  320 

• The usage of current source converter (CSC) filters which are primarily used for harmonics 321 
but can also be used for voltage control. Filters not used for harmonics are available for 322 
voltage control which requires a coordination of the filtering and voltage control 323 

 

2 23 (spring) and 25 (autumn) daylight saving. 

3 30 in case of autumn daylight saving. 

4 Specification related definitions are included in Boundary and reference data exchange application specification. 
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functions.  324 

• Guidance on how to model HVDC interconnections. As this is not a formal specification 325 
the restrictions and rules from this document will be defined in a next version of QoCDC 326 
or related specifications considering IEC 61970-600-1/2:2021, which was already updated 327 
regarding HVDC modelling. 328 

• Improving readability of the document and its consistency with the present version of 329 
QoCDC. It also  facilitates future transition of the contents in this document to next 330 
versions of CGMES. Therefore, the following should be noted: 331 

• Annex A describes revisions of IEC 61970-301:2021, IEC TS 61970-600:2017 and IEC 61970-332 
600:2021 documents. 333 

• Annex C lists most of the HVDC revisions included in the IEC 61970-600:2021 compared 334 
to the IEC TS 61970-600:2017.  335 

• Material from sections 11, 12 and 13 may be included in a coming version of IEC 61970-336 
301, the IEC 61970-450 series profile specifications and IEC 61970-600. 337 

 338 

2. Scope 339 

This document contains information and restrictions about what data shall be included in AC IGM 340 
and a detailed HVDC model exported as a DC IGM that consists of CIMXML files. This document 341 
is based on CGMES v2.4 and provides some information in case there is different treatment in 342 
CGMES v3. On HVDC modelling, restrictions related to constraints and additional descriptions are 343 
derived based on a comparison done between IEC 61970-600:2021 and IEC TS 61970-600:2017, 344 
provided in Annex C. The QoCDC and related specifications will need revision to integrate 345 
relevant information from this document. 346 

Multi terminal HVDC networks are outside the scope of this document. Only point to point HVDC 347 
Links are in scope. Any TSO with known future developments that might be multi termi nal HVDC 348 
systems should use the simplistic method as an interim solution.  349 

Equations that describe the converter are covered in the literature and IEC specifications. Detail 350 
modelling of the control functions of HVDC interconnection is not possible with CG MES v2.4 and 351 
it is considered out of the scope of this document. Contingencies and remedial actions changing 352 
the active power transfer over HVDC Poles are not covered as they are covered in ENTSO-E 353 
Network codes related profiles. 354 

2.1 Concept of the document 355 

This document contains not only guides for implementation but also other information  that 356 
support implementation of the CGM building process. 357 

In the future this document will be superseded by standards that cover the content in the 358 
different sections of the document. When this happens, this document will be modified to suit 359 
those standards, as complex processes always require guidelines.   360 

2.2 Who should read what? 361 

This document guides experts involved in the creation of IGMs as well as in various parts of the 362 
CGM building process. It is collecting extensive information about all cases, experiences, and 363 
relevant details gathered during a decade of implementation of the CGM process.  364 
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This section helps different readers to find the most relevant chapters based on their 365 
responsibilities. Experts reading this document should be familiar with CGMES and have access 366 
to referenced documents.  367 

All readers should gain the basic understanding of the CGM building process based on the 368 
following chapters: 369 

• 3 Related Documents 370 

• 4 Definitions 371 

• 5 Overview of the rule levels - the purpose of this section is to provide an understanding 372 
of the type of data validated at each level. This is an informative section to provide a short 373 
link to the QoCDC document. 374 

• 6 Business process - this section describes the business process including the actors, the 375 
exchange of CIMXML documents, validation of IGMs and CGMs, creation and validation of 376 
IGMs, assembly and validation of CGMs and power flow calculations for 377 
capacity/congestion evaluation. Additional details are also provided in the “EMF 378 
requirement specification”. 379 

• Chapter 7 XML format contains guiding information, descriptions and restrictions on the 380 
XML format. 381 

• 8 Metadata - this chapter depends on QoCDC, describing the current and partly implicit 382 
metadata information. 383 

Network system modelers and power system analysis engineers will find details on refinement of 384 
modelling of power system equipment in chapters 9 to 14, which discuss modelling issues 385 
discovered during analysis of IGMs and interoperability tests. These guiding sections are 386 
considered by the standardisation work so that the standards can be improved. Some issues can 387 
be solved by adopting one of several possible modelling styles.  388 

3. Related Documents 389 

The following documents are applicable: 390 

[1] The IEC TS 61970-600-1/2:20175 is based on the Common Information Model (CIM) 16 (UML 391 

16v29). The following documents defines the semantic model: 392 

• IEC 61970-301:2016 Ed65: Common Grid Model (CIM) Base 393 

• IEC 61970-302:2018 Ed15: Common Grid Model for dynamics specification 394 

• IEC 61970-452:2017 Ed35: CIM Static Transmission Network Model Profiles (i.e., the 395 
 network equipment model) 396 

• IEC 61970-456:2018 Ed25: Solved Power System State profiles 397 

• IEC 61970-453:2014 Ed2: Diagram Layout profile 398 

• IEC 61970-552:2016 Ed2: CIM XML Model Exchange Format 399 

• IEC 61970-501:2006 Ed1: Common Information Model Resource Description 400 

 

5  These standards or technical specifications are withdrawn in 2021 as updated versions are published by IEC. 

However due to SOC decision they will be used for some time and in parallel organizing transition to recent 

versions. 
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Framework 401 
 (CIM RDF) schema 402 

[2] More restricting is the Common Grid Model Exchange Specification version 2.4.15 (here referred as 403 

CGMES v2.4) published as the specification IEC TS 61970-600-1/2:2017, providing context for ENTSO-404 

E exchanges: 405 

• IEC TS 61970-600-1:2017 Ed15: Common Grid Model Exchange Specification 406 

• IEC TS 61970-600-2:2017 Ed15: Exchange profiles specification 407 

[3] QoCDC - The validation rules are specified in the “Quality of CGMES Datasets and Calculations” 408 

(QoCDC) document, which also includes the file name convention for IGM files. 409 

[4] The merging process, solving power flow on merged models (CGMs) and verify that the power flow 410 

solution is valid and safe is specified in the “EMF requirement specification” document. The 411 

document specifies requirements needed to enable a highly automated exchange process and 412 

univocal interpretation of exchanged network models for the CGM process. 413 

[5] CGMA and PEVF specifications describe the schedule data used to create the inputs for solving power 414 

flows at every market time unit. The documents can be found at the ENTSO-E EDI library 415 

(https://www.entsoe.eu/publications/electronic-data-interchange-edi-library/ ). 416 

[6] The ENTSO-E Scheduling System (EES) Implementation Guide v 4.1 417 

[7] IEC 61970-301:2021 is the standard for the canonical information model used as basis for IEC 61970-418 

600 419 

[8] IEC 61970-600-1/2:2021 is the IEC standard based on CGMES 3.0.  420 

[9] IEC 60633 Edition 2.1 Terminology for high-voltage direct current (HVDC) transmission 421 

[10] HVDC Transmission Power Conversion Applications in Power Systems, IEEE press and Wiley & Sons. 422 

[11] Network codes profiles/specifications. 423 

[12] ENTSO-E Boundary and reference data exchange application specification (BRDEAS). 424 

 425 

4. Definitions and abbreviations 426 

 427 

https://www.entsoe.eu/publications/electronic-data-interchange-edi-library/
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Term Description 

Assembled model An IGM is assembled by putting together CIMXML files tracing by the 

instance file header dependencies starting from the SV CIMXML file.  

A CGM is assembled by putting together the CIMXML files for the IGMs to 

be included in the CGM. 

Boundary set (BDS) A boundary set consists of the CIMXML files that conform to EQBD and 

TPBD profiles. For CGMES v3, TP boundary instance file is not necessary.  

Market time unit This is the term used for the schedule time steps in the network codes and 

methodologies. Same as scenarioTime in document header. 

Bus Branch (BB) model A network model using a simplified representation of a network. Detailed 

breaker bays are normally not described by cim:Switch -es and if 

cim:Switch-es are used they are flagged as retained. 

Node Breaker (NB) 

model 

A network model representing breaker bays with cim:Switch -es flagged as 

non-retained. Several levels of details are possible. The simplest is just 

describing breakers with cim:Breaker-s and the more detailed is also 

describing isolators and disconnectors with cim:Disconnector-s. Some 

cim:Switch-es may be flagged as retained in case the power flow across 

them need to be monitored, e.g., coupler bays.  

TN cim:TopologicalNode represents the power flow busses in a power flow 

model, defined as the single fictive point in a system at which several 

components of the power system like generators, loads, and feeders, etc., 

are connected. Normally, it is obtained after a topology processing 

algorithm, which creates the nodes considering statuses of switching 

equipment and zero impedance connections. Power flow calculation 

results such as voltage magnitude, phase angle of the voltage are reported 

on cim:TopologicalNode. 

CN cim:ConnectivityNode represents the electrical connection points in a 

network model. In CGMES v2.4, it is always used in NB models and could 

be used in BB models. Since CGMES v3.0, it is uniformly used for any kind 

of model.  

Note that NB models may have parts that are BB style where detailed 

switch modelling has not been used.  

CGM Common Grid Model. A power system model provided by a Merging Agent 

(e.g., an RSC/RCC). A CGM is assembled from IGMs for a market time unit 

of energy delivery day and time horizon, e.g., one day ahead. 

CGMM Common Grid Model Methodology 

RSC Regional Security Coordinator 

RCC Regional Coordination Centre 

OPDM Operational Planning Data Management is a file exchange service for 

remote clients. It is used to exchange CIMXML files as well as other files. 
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Term Description 

QAS Quality Assurance Service 

NMD Network Modelling Database 

Boundary point Designates a connection point at which one or more model authority sets 

shall connect to. The location of the connection point as well as other 

properties are agreed between organizations responsible for the 

interconnection, hence all attributes of the class represent this 

agreement.  It is primarily used in a boundary model authority set which 

can contain one or many BoundaryPoint-s among other Equipment-s and 

their connections. 

In CGMES v2.4 the boundary points are in the boundary set (BDS) and each 

boundary point consists of 

one  

- cim:ConnectivityNode in the BDS EQBD CIMXML file.  

- one cim:TopologicalNode in the BDS TPBD CIMXML file.  

EI cim:EquivalentInjection 

IGM 

AC IGM 

DC IGM 

Individual Grid Model. A network model provided by a Modelling Authority 

(e.g., a TSO). An IGM is a collection of CIMXML files for a market time unit 

of energy delivery day and a time horizon, e.g., one day ahead. 

There are two types of IGMs: 

- An IGM describing an AC power system possibly including 

simplified HVDC modelling, in this document labelled as an AC 

IGM. 

- DC IGM describing a detailed HVDC converter model according to 

the DC information model in CIM and described by its own MAS.  

Note that DC MAS is sometimes used to mean DC IGM. This is a misuse that 

is not recommended. 

CGM BP CGM Building Process is the process of building CGMs from IGMs.  

BP ST The Building Process Sub-Team of OPDE Task Team. 

CGMES v2.4 The IEC Technical Specification IEC TS 61970-600-1/-2:2017. 

CGMES v3 The IEC Standard IEC 61970-600-1/-2:2021. 

Converter 

CSC 

VSC 

The converter is the rectifier that converts AC into DC or the inverter that 

converts DC into AC. 

CSC stands for Current Source Converter with capability to control the 

active power transfer. 

VSC stands for Voltage Source Converter with capability to control both 

active and reactive power transfer.  
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Term Description 

HVDC Pole An HVDC Pole has a DC cable with a converter at each end and is the 

smallest unit of equipment independently capable of transferring DC 

power, see also “Figure 2 Definitions as defined in IEC 60633”in [12]. In IEC 

60633 a “HVDC Pole” is called a “HVDC system pole” and defined as part 

of an HVDC system consisting of all the equipment in the HVDC substations 

and the interconnecting transmission lines, if any, which during normal 

operation exhibit a common direct voltage polarity with respect to earth.  

HVDC Bipole It is part of an HVDC system consisting of two HVDC system poles, that 

could be operated independently. But during normal operation an HVDC 

Bipole controller coordinate the two HVDC Poles, so they exhibit opposite 

direct voltage polarities with respect to earth.  

HVDC Link An HVDC Link consists of one or more HVDC Bipoles and HVDC Poles. Large 

links may have several bipoles or poles also being of different 

technologies, e.g., CSC or VSC. 

Point of common 

coupling  

PCC 

From IEC 60633:2020 

Point of interconnection of the HVDC converter station to the adjacent AC 

system. 

PccTerminal The PccTerminal is a cim:Terminal at a branch, e.g., a cim:Switch or a 

subclass of it, a cim:ACLineSegment, a cim:SeriesCompensator, or a 

cim:PowerTransformer where the active power flow from the HV DC Pole 

into the AC network is monitored. 

PPD Pre-processing data: a set of preliminary total net positions and 

unbalanced DC flows provided by a TSO to the CGMA platform to compute 

a reference program for the creation of IGMs for time horizons where no 

market data is available. 

PSLC Pole split and loss calculation: a process where the flows for DC links are 

split on the level of boundary points with loss correction and sent to CGMA 

or PEVF to be validated and to generate the final reference program.  

“initial reference 

program” 

“final reference 

program” 

Initial reference program is the output of the core CGMA process ending 

with the provision of balanced netted area positions and balanced gross 

flows on all (unsplit) DC links. 

Final reference program is the output of the PSLC of CGMA process, 

containing netted area positions and balanced flows on DC links (by 

considering poles and losses). 

MAS Modeling Authority Set that defines the origin (Modelling Authority) and 

purpose of an IGM. 
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Term Description 

Reference data 

Master data 

Reference or master data is data that describes stable information that 

does not change frequently over time, e.g.  

- TSO and RSC/RCC names and id’s  

- Countries and network regions 

- Boundaries between network regions 

1D Day ahead process. 

2D Two days ahead process. 

ID Intraday process. 

 428 

5. Overview of the rule levels 429 

The QoCDC document defines rules that are divided in levels where the lower-level rules must be 430 
passed before higher-level rules can be processed. The rules are organized in eight levels with 431 
complexity increasing at higher levels as listed in Table 1. The lower levels discover fundamental 432 
issues that blocks further processing. For CIMXML files to be useful they must pass levels 1 to 6.  433 

 434 

 435 
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Table 1 Validation levels 436 

# Level name Level description 

1 Meta data in file names Level 1 checks CIMXML file naming, meta data in file names and file 

packaging. This level supports the automated file exchange and 

processing. 

2 Structure syntax and 

metadata 

Level 2 checks XML and RDFS validity, meta data in CIMXML file 

header and consistency with meta data in CIMXML file name. This 

level supports the automated file exchange and processing. Level 2 

contains rules checking different types of data: 

- XML format issues. 

- Meta data issues. 

- Network model profile related issues.  

3 Constraints and 

mapping 

Level 3 checks the validity of objects in the scope of a single CIMXML 

file. 

4 Model assembly Level 4 checks that the meta data describing dependencies between 

CIMXML is consistent so that the files can be assembled. This level 

supports the automated file exchange and processing. Level 4 

contains rules checking different types of data: 

- Meta data issues. 

- Network model profile related issues.  

5 Consistency of 

assembled model 

Level 5 checks that objects across CIMXML files for different profiles 

in an assembled IGM or CGM are consistent.  

6 IGM and CGM 

plausibility 

Level 6 checks that the power flow solution provides a good enough 

input for subsequent CGM assembly.  

7 Coordination Level 7 checks that the assembled IGMs in a CGM are consistent with 

each other as well as with market data (PEVF and CGMA files). 

8 Convergence behaviour 

and CGM plausibility 

Level 8 checks that the power flow calculation for IGM or CGM 

convergences and that the solution is plausible, e.g., stays within 

given limits. 

 437 

6. Business process 438 

6.1 Introduction 439 

This section gives an overview of the assembly process and guides on how to specify meta data 440 
controlling the process and the exchange of data. 441 

The roles appearing in the CGM building process are shown in Figure 1. 442 
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 443 

Figure 1 Use case diagram of the CGM building process 444 

The roles involved in the CGM building process are: 445 

• CGMA platform that provides aligned net positions and DC flows, and PEVF platform that 446 
provides schedules, for the respective energy delivery day, are not shown in Figure 1. 447 

• Modelling Authorities (TSOs) that use the schedules to evaluate network security or 448 
transfer capacity for each time unit. This results in IGMs made available to other actors 449 
after validation by a Quality Assurance Service Provider. 450 

• The Quality Assurance Service Provider validates IGMs and CGMs. 451 

• Merging agents (e.g., RSCs/RCCs) are responsible for assembling IGMs into a CGM which 452 
is made available to Information Receivers after validated by a Quality Assurance Service 453 
Provider. 454 

• Information Receivers are users of validated IGMs or CGMs. The use is typically to perform 455 
an analytical study with the IGMs or CGMs as base. Examples of Information Receivers are 456 
TSOs, RSCs/RCCs, ACER, etc. 457 

• The interaction between the Alignment Agents and the Modelling Authorities (TSOs) is 458 
not covered by this document, but the interaction between Modelling Authorities and 459 
Merging agents is described. The steps in the interaction are shown in Figure 2 and 460 
Table 2. 461 

uc Business P r ocess CGM

:Mer ging 

Agent

:Modeling 

Author ity

:Qua lity  

Assur ance 

Ser v ice 

P r ov ider

IGM building

Va lida te Gr id Model 

qua l ity

CGM building
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:Infor mat ion 
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 462 

Figure 2 High level sequence diagram of the CGM building process 463 

The power flow cases require that the network models have a well -defined boundary set that 464 
separates the IGMs. IGMs are non-overlapping and the boundary establishes electrical 465 
connection points (also called X-nodes based on UCTE area code legacy) between the IGMs, e.g. 466 
where tie lines connect. The boundary is described by two CIMXML files:  467 

• EQBD profile - a boundary equipment instance file that contains all objects defined in the 468 
CGMES boundary equipment profile and includes data for boundary information re lating to a 469 
given exchange. 470 

• TPBD profile (CGMES v2.4) - a boundary topology instance file that contains all objects defined 471 
in the CGMES boundary topology profile and includes data for boundary information relating 472 
to a given exchange. 473 

Boundary equipment (EQBD) and boundary topology (TPBD)6 instance files, referred together as 474 

boundary set (BDS) contain data needed to create an individual grid model (IGM) as well as to create a 475 

pan-European or regional model. The BDS is currently maintained centrally by ENTSO-E in the Network 476 

Modelling Database (NMD). As an interim solution, the duty of the BDS provision to OPDE has been 477 

delegated to one of the OPDE Operators, consisting of the monthly upgrade of the BDS provided by NMD 478 

in fit-for-purpose form, based on current requirements, making it available on OPDE and tagged as 479 

 

6 For CGMES v3, information related to the TopologicalNode-s of the BoundaryPoint-s are included in the TP 

instance file of the IGM as they are not persistent due to topological process which is dependent on the status 

of the switches. 
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Build IGM()

Check CGM quality()

Provide quality report()
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official for the purpose of CGM creation on OPDE. This fit-for-purpose transformation for the interim 480 

solution respects the following principle: no boundary point and tie-line data coming from NMD is 481 

changed, unless deemed necessary for the purpose of CGM process and the changes cannot be 482 

performed by the TSOs themselves. To fulfill the requirements of OPDE, the transformation may add 483 

data, which is not present in NMD, to boundary points and tie-lines. When the target solution is 484 

developed, there shall be no post processing on boundary and reference data (boundary point, base 485 

voltage, etc.). All changes shall be done in the source system following the agreed process.  486 

The steps in Table 2 are further detailed in the following sections Table 2 Processing steps in 487 
tabular form 488 
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# Step description 

1 The Modelling Authority (TSO) receives market schedules on daily basis (process description is 

outside the scope of this document). 

2 The Modelling Authority (TSO) uses a reference power system model consisting at least of its 

area of responsibility but can be extended to observability area that impacts the internal power 

flow. This power system model is used to extract the IGM which is under the Modelling 

Authority. Power flow is solved for each market time unit.  

3 Modelling Authority (TSO) creates a set of CIMXML files for the solved power flow cases, an AC 

IGM that contains of: 

a) Equipment file (EQ) per region (if applicable), per business process (if relevant) with 

provision frequency spanning from “when change occurs” up to per market time unit. 

b) Topological processing and power flow solution and results for each market time unit 

which means that the solution appears in the following CIMXML files. 

i. One SSH CIMXML file that contains the power flow inputs e.g., switch statuses 

if present. 

ii. One TP CIMXML file that contains topology objects (fictive power flow busses) 

referencing the corresponding equipment and defining how the equipment is 

electrically connected. 

iii. One SV CIMXML file that contains the results of the power flow solution, see 

also section 6.4. 

For DC IGM the modelling Authority (TSO) creates one set of IGM files for each market time 

unit. A TSO that does not intend to exchange a detailed HVDC model will not create the DC IGM. 

4 A Modelling Authority (TSO) submits CIMXML for validation to a OPDM client. Resulting quality 

assurance report (QAR) is provided to Quality Assurance Service (QAS) portal. Validation engine 

of OPDM client is validating IGM for all the rules in level 1 -6, extracting data that will enable 

validation 7 in QAS and validation IGM for all the rules in level 8 except the load flow plausibility 

(EMF) validation rule. 

A Modelling Authority (TSO) CIMXML files (error-free in validation levels 1-6) are published to 

OPDE. If errors are detected in validation levels 1-6, the IGM is rejected and the TSOs can 

correct and submit their IGMs again. 

5 Published Modelling Authority (TSO) CIMXML are made available to Merging Agent 

(RSCs/RCCs).. 

6 A Merging Agent obtains the IGM CIMXML files for Modelling Authorities (TSOs). 

 489 
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# Step description 

7 A Merging Agent validates power flow plausibility of an IGM and provides a validation level 8 

single rule report (EMF report) to QAS. If and IGM fails the power flow plausibility validation, it 

is validated with error severity and cannot be used in a merging process. If error is detected in 

powerflow validation in level 8, the TSOs can correct and submit their IGMs again, otherwise 

the missing IGM shall be substituted in merging process based on substitution rules.  

8 The Merging Agent creates the CGM and power flow is solved for each time unit. 

9 The Merging Agent provides the updated power flow inputs (SSH, for more details see section 

6.6) per Modelling Authorities (TSO) and an SV for CGM for validation to OPDM client. Resulting 

quality assurance report (QAR) is provided to Quality Assurance Service (QAS) portal If error-

free (in validation levels 1-6), CGM is published to OPDE and made available to Information 

receiver. If errors during validation (in validation levels 1-6) are detected, the CGM is rejected. 

The Merging Agent as well provides the level 8 CGM load flow plausibility validation report 

(EMF report) to QAS. 

 490 
  491 
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6.2 Overview of exchanged CIMXML files 492 

The data exchanged in the workflow steps described in Table 2 is primarily CIMXML files for IGMs 493 
and CGMs. The CIMXML files for an IGM are listed in Table 3. 494 

Table 3 CIMXML files in an IGM - power flow part 495 

Type of CIMXML file Appearance 

EQBD 

Boundary Equipment 

One for the Pan-European grid model7. 

TPBD 

Boundary Topology (CGMES v2.4 

only) 

One for the Pan-European grid model. 

EQ 

Equipment, single file describing 

three EQ profiles8: 

- EQ Core - all equipment 

- EQ Operation - data needed by real 

time systems, e.g., SCADA/EMSs 

- EQ Short circuit - data needed by 

short circuit calculations 

One per TSO (and region if applicable).  

Per business process (e.g., 1D, 2D) or without indication of 

business process if relevant for all.  

This data can be exchanged: 

- at least when it changes, following the established 

processes and restrictions imposed by the storage and 

archiving rules of the applications connected to the OPDE  

- at a fixed cycle with highest resolution of exchange for 

every market time unit. 

SSH 

Power flow input 

One per energy delivery day, business process, market time 

unit and TSO. 

TP 

Fictive power flow busses  

One per energy delivery day, business process, market time 

unit and TSO. 

SV 

Power flow solution 

One per energy delivery day, business process, market time 

unit and TSO. 

 496 

A CGM is established/assembled as a result of CGM Building process in line with legal 497 
requirements arising from EU Network codes. 498 

A CGM consists of several assembled IGMs and the CIMXML files describing a CGM are listed in 499 
Table 4. 500 

 501 

 

7 This is the present way of EQBD exchange. ENTSO-E Boundary and reference data exchange application 

specification defines use cases where exchange of multiple EQBD instance files is necessary to cover specific 

needs. 

8 In CGMES v3 there are three separate profiles - Equipment, Operation and ShortCircuit normally exchanged in one 

instance file. Operation and ShortCircuit instance data can be added if needed. 
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Table 4 CIMXML files in a CGM - power flow part 502 

Type of CIMXML file Source Appearance 

EQBD 

Boundary Equipment 

BDS One for the Pan-European grid model. 

TPBD 

Boundary Topology 

(CGMES v2.4 only) 

BDS One for the Pan-European grid model. 

EQ 

Equipment 

IGM One per TSO (and region if applicable).  

Per business process (e.g., 1D, 2D) or without indication of 

business process if relevant for all.  

This data can be exchanged: 

- at least when it changes, following the established processes 

and restrictions imposed by the storage and archiving rules of 

the applications connected to the OPDE 

- at a fixed cycle with highest resolution of exchange for every 

market time unit. 

SSH 

Power flow input 

IGM One per energy delivery day, business process, market time unit 

and TSO. 

These files are from the original TSO’s IGMs and are unchanged.  

Updated SSH 

Power flow input 

(SSHupd) 

CGM One per energy delivery day, business process, market time unit 

and TSO.  

These files are updated SSH CIMXML files of TSO’s IGMs and are 

specific to the CGM, for more details see section 6.6. 

TP 

Fictive power flow 

busses 

IGM One per energy delivery day, business process, market time unit 

and TSO. 

These files are from the original TSO’s IGMs and are unchanged, 

no CGM specific TP file exists9. 

SV 

Power flow solution 

CGM One per energy delivery day, business process, market time 

unit, RSC/RCC and region (synchronous area or Pan-European). 

 503 

6.3 Data validity 504 

Validity of CIMXML files and assembled models is checked by the Quality Assurance Service. Any 505 
reported error at levels 1 to 6 prevents the files from becoming available for further processing 506 
by Merging Agent. 507 

The validity of data is checked against the CGMES and rules described in the QoCDC document. 508 

 

9 In CGMES v3 the TP instance file for the CGM is a single file produced by the EMF application. 
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The CGMES profiles are used to validate that exchanged data conforms to the class, attribute and 509 
role names defined in the CGMES profiles and that cardinalities are respected. The rules in the 510 
QoCDC document describe additional data and restrictions to the CGMES10 necessary for the CGM 511 
building process and other business processes where the CGMs are used.   512 

Figure 3 illustrates the description of the validation process seen from the input data side and 513 
necessary input data per validation levels. 514 

 515 

Model validationCIMXML file validation

Boundary
mgmnt

Bndry

CIMXML
Creation

CIMXML
Files

Model
Assembly

Validation
1-3

Validation
4

Assembled
Model

Validation
5-8

CGMA
PEVF

IGM
Solve

IGM
PF result

Solution
Log

CGM
Solve

CGM
PF result

EMF
Validation

8

 516 

Figure 3 Validation levels concept for IGM and CGM11 517 

The symbols in Figure 3 have the following meanings: 518 

• Blue box – data processing (concept). 519 

• Blue document – CIMXML file(s) or reporting market document file. 520 

• Green box – validation. 521 

The shaded backgrounds “CIMXML file validation” and “Model validation” show the scope for the 522 
validation per file and per model (IGM, CGM). 523 

“CIMXML file validation” is done per CIMXML file, which means that the information in other 524 
CIMXML files is not used. This validation is done on simple data as name lengths but for EQ files 525 
more complex validation is done, e.g., attribute value ranges, curve data and limit values.  526 

For “Model validation” all CIMXML files for an IGM or CGM are assembled into a model before 527 

 

10 In general, QoCDC should not specify additional requirements, but it should only restrict CGMES and add business 

specific constraints/rules which do not extend or modify the model. QoCDC for CGMES v2.4 presents few 

exceptions to this rule, which are acknowledged as such in the QoCDC document.  

11 Bndry (as Boundary Set), CGMA and PEVF (as reporting market documents) are considered as already validated 

input data. 
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validation is done. A complete model is assembled and validated for each market time unit. Model 528 
validation done for IGMs is not applicable for a CGM as the model is a new assembly with updated 529 
data. Hence model validation is repeated for a CGM. The CIMXML file validation (levels 1, 2 and 530 
3) once done for an IGM can be trusted and do not need to be repeated for a CGM. A CGM 531 
contains new SSH CIMXML files for each IGM (see section 6.6 for details) and one new SV CIMXML 532 
file for the solution. These files are validated at levels 1-3. The CGM is validated at level 4 and 533 
up. 534 

Errors at levels 1 to 6 will prevent an IGM to become available to a Merging Agent for further 535 
processing and creation of CGM, as well as for a CGM to become available to Information receiver 536 
(see Figure 2). 537 

The “Boundary mgmnt” box represents the boundary files creation and management (irrelevant 538 
to implementation). Hence the “Bndry” represents the Boundary Equipment and Topology 539 
CIMXML files that are also validated at levels 1 to 4, but in Figure 3 they are considered as already 540 
validated input data. The “CIMXML creation” is where a TSO creates the CIMXML files, or Merging 541 
agent creates CGM CIM XML files (refer to Table 3 and Table 4). The result is the “CIMXML files” 542 
that are validated with level 1 to 3 rules.  543 

When an IGM or a CGM is assembled it is checked that all necessary CIMXML files are available. 544 
This is done in “ModelAssembly” that checks the availability of CIMXML files according to level 4 545 
rules. 546 

The assembly results in an “Assembled Model” that is checked with level 5 to 7 rules. Level 7 547 
rules check the consistency between IGMs and consistency of IGMs with the net positions in PEVF 548 
or CGMA documents. 549 

Level 8 rules validate calculation results that assess the credibility of the power flow solution. 550 

Level 8 EMF rules check the power flow result is plausible, the “IGM Solve” path corresponds to 551 
the process described in section 6.5 and the “CGM Solve” path corresponds to section 6.6. 552 

6.4 IGM creation 553 

A power flow solution described by CIMXML files uses the files depending on the profile as 554 
follows: 555 

• EQ is an input to power flow describing the network 556 

• SSH describes the power flow input parameters, e.g., injections and set point values. 557 

• TP describes the fictive power flow busses and depends on the type of model: 558 

• For Node Breaker (NB) model’s TP is an output from topology processing, Figure 48 shows 559 
an architecture for this. TP is an input to power flow calculation. 560 

• For Bus Branch (BB) model’s TP is maintained in tools dedicated to this. TP is an input to 561 
power flow calculation. 562 

• SV describes the power flow solution, so it is an output from power flow calculation. 563 

The European power system is interconnected, which means that the impact from the 564 
neighbouring networks and market schedules need to be considered.  565 

Creating an IGM for a TSO, means including parts of the neighbouring networks and market 566 
schedules. Hence, the power flow will usually be solved not only for the part of power system 567 
that is the area of the responsibility of a TSO, but also for a wider system of interest and impact. 568 
This means that the power system data for the IGM needs to be extracted from the wider power 569 
system model used when calculating the power flow for a specific scenario (time horizon, market 570 
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time unit). 571 

The boundary between the IGMs is described by boundary cim:TopologicalNode-s (TN) and 572 
boundary cim:ConnectivityNode-s (CN)12. 573 

Figure 4 gives a conceptual overview of the data flows and functions involved in the creation of 574 
an IGM. 575 

Market 
Time t1

SSH

EQ

TP

SV

Schedules
- Interchange
- Production
- Availability
- Switch status

Load forecast

Network model

Power 
Flow with 
Topology 

Processing Market 
Time tn

SSH

TP

SV

Model 
Export

EQBD TPBD

Solution
Case 
prep

 576 

Figure 4 Creation of IGM CIMXML files13 577 

Inputs to IGM creation are load forecasts and market schedules shown in Figure 4. From this data 578 
a power flow case is prepared for each time unit by the “Case prep” function, this corresponds 579 
to step 2 in Table 2. The case preparation also maps the schedules and load forecasts to the 580 
network model. This process is TSO’s proprietary and specific, i.e., details are outside the scope 581 
of this document. 582 

The “Network model” in Figure 4 is created by some data management tool, typically using a 583 
proprietary information model. When an IGM is created the data from this proprietary 584 
information model need to be converted to EQ CIMXML files which is represented by the arrow 585 
from the “Network model” to the “Model export”. The “Model export” then creates all the 586 
CIMXML files as indicated in Figure 4. 587 

Note that Figure 4 describes expected functionality and data flows between them. The functions 588 
outlined in Figure 4 can be implemented in numerous ways very different from Figure 4 so the 589 
figure should not be considered as a norm for implementations. 590 

The power flow cases in Figure 4 are Node Breaker style and topology processing is used to 591 
compute the fictive power flow busses from the network model and switch statuses. After this, 592 
the power flow is solved and the solution including the fictive power flow busses is available as 593 
the “Solution” in Figure 4. 594 

 

12 In CGMES v3 there is a class eu:BoudnaryPoint used to identify which cim:ConnectivityNode-s are boundary 

points. For more details on the boundary definitions and requirements, please refer to CGMES and ENTSO-E 

Boundary and reference data exchange application specification. 

13 TPBD is only relevant for CGMES v2.4. 
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As discussed above, the power flow solution is usually for a power system area of interest and 595 
impact, i.e., not necessarily the model which will be exported as an IGM. The “Model export” 596 
function in Figure 4 extracts the IGM part of the solution and adapts it to the boundary described 597 
by the EQBD and TPBD (CGMES v2.4 only) CIMXML files. Figure 4 shows the case where the same 598 
EQ CIMXML file is exported for the power flow solutions for all market time units. The solution 599 
for each market time unit is described by one SSH, one TP and one SV CIMXML file, which 600 
corresponds to step 3 in Table 2. 601 

Once the CIMXML files has been created they are provided for validation to OPDM Client and 602 
respective validation report is provide to QAS. CIMXML files that fail the validation in levels 1-6 603 
and are rejected. 604 

If CIMXML files for a market time unit have passed the validation level 1-6, they will be published 605 
to OPDE and made available to the Merging Agent. New CIMXML files may be created based on 606 
corrected inputs. Corrected CIMXML files have new md:FullModel rdf:about identifiers and 607 
md:Model.version numbers. The md:Model.version number are ascending and it is assumed that 608 
less than thousand revisions is needed per market time unit. 609 

6.5 IGM power flow validity 610 

An IGM power flow case is re-created by assembling its CIMXML files for a specific market time 611 
unit. The assembly uses the SV CIMXML file as starting point and traces the 612 
md:Model.DependentOn references to find which CIMXML files to include. 613 

The CIMXML files are obtained by a Merging agent, this corresponds to step 6 Table 2. According 614 
to QoCDC document, dependent SV, SSH and TP CIMXML files in an IGM shall always have the 615 
same md:Model.scenarioTime. CIMXML files for the same profile and md:Model.scenarioTime 616 
may exist with different md:Model.version numbers, if so the one with the highest version 617 
number available shall be used. 618 

IGMs that are available have been validated as described in section 6.4.  619 

Once IGMs have been downloaded, they are used in subsequent power flow calculations. The SSH 620 
and TP CIMXML files are used as input. The initially provided original SV CIMXML is used for static 621 
validation, assembling, and can be used for cross validation of newly calculated SV CIMXML file 622 
that contains the new result as shown in Figure 5 for BB and NB models and Figure 6 only for NB 623 
models. 624 

SSH

EQ

TP

SVPower Flow

EQBD TPBD

Assemble
Solution 
Export

 625 

Figure 5 Concept of solving power flow using a BB tool14 626 

Before power flow can be solved for a BB model the EQ, SSH, TP, TPBD and EQBD CIMXML files 627 
are assembled to a power flow case. The solved power flow is exported as an SV CIMXML file. 628 

 

14 TPBD is only relevant for CGMES v2.4. 
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The TP CIMXML file is a mandatory input only when topology processing is not used both for NB 629 
and BB models. A discussion on BB vs. NB models can be found in section 14.5. 630 

In general, for a power flow to be solved for a NB model, it is sufficient that the EQ, SSH and 631 
EQBD CIMXML files are assembled to a power flow case. For the current design of CGM building 632 
process, in case of NB model as described in EMF requirement specification, TP CIM XML file shall 633 
also be considered as an input and the solved power flow is exported as one SV CIMXML file.  634 

In case if potential full migration to NB models for all IGMs is accomplished, the processing of 635 
IGMs can be handled as shown in Figure 6. Note that the TP CIMXML file in the case of a NB model 636 
is an output if topology processing is used. 637 

SSH

EQ TP

SV

Power Flow 
with 

Topology 
Processing

EQBD TPBD

Assemble
Solution
Export

 638 

Figure 6 Concept of solving power flow using a NB tool with topology processing capability15 639 

The settings to use when solving power flow on an IGM both for IGM creation process and 640 
validation of a power flow plausibility by Merging Agent are described in EMF requirement 641 
specification, among others: 642 

• Generation slack using cim:GeneratingUnit.normalPF as distribution factor is used to maintain 643 
area interchange (proprietary definition resulting in the same behaviour in TSO’s tools as well 644 
as the “IGM Solve” path in Figure 3 for validation process). 645 

• Voltage control is enabled, and reactive power limits shall be respected.  646 

Given that it was possible to solve the power flow, the solution in the SV CIMXML file shall not 647 
deviate from the starting values in the SSH CIMXML file, which is checked by the QoCDC level 6 648 
rules. 649 

A recommendation for a TSO to check the quality of its IGM is to import it and rerun the power 650 
flow as shown in Figure 5 or Figure 6. 651 

An IGM that is found valid at validation levels 1-6, shall be made available for further processing, 652 
this corresponds to steps 4 and 5 in Table 2. 653 

6.6  CGM creation 654 

A CGM is created by assembling a set of IGMs. The assembly use the SV CIMXML file for the 655 
included IGMs as starting point and trace the md:Model.DepednentOn references to find which 656 
CIMXML files to include. 657 

The IGMs are obtained by Merging Agent, which corresponds to step 6 Table 2. The obtained 658 
IGMs are validated for plausibility by solving power flow as described in section 6.5. After this 659 

 

15 TPBD is only relevant for CGMES v2.4. 
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the CGM is assembled and power flow is solved for each md:Model.scenarioTime. This 660 
corresponds to step 7 in Table 2. 661 

If IGM is not available (e.g. invalid) for a particular md:Model.scenarioTime, a search for the best 662 
available substitution is done as described in EMF requirement specification. The EMF 663 
Requirements strictly define how, in case a valid IGM for a given md:Model.scenarioTime does 664 
not exist, the IGM can be substituted after gate closure time by another IGM with different 665 
md:Model.scenarioTime.  666 

If substitution occurs, the CIMXML files comprising an IGM used for substitution have different 667 
md:Model.scenarioTimes compared to the md:Model.scenarioTime being studied. However, the 668 
substituting IGM is treated as it is from the md:Model.scenarioTime being studied.  669 

As the Merging Agent is providing the updated SSH (containing a md:Model.Supersedes reference 670 
to IGM’s original SSH CIMXML file) and one calculated SV as a result of CGM creation process, the 671 
difference in: 672 

• md:Model.scenarioTime of the updated SSH, and 673 

• md:Model.scenarioTime of the SSH CIMXML file of the IGM used for substitution 674 

is an indicator that the substitution of the IGM happened.  675 

When the IGMs are created (see Figure 4), different versions of the boundary set might have been 676 
used by different TSOs. The official version of the boundary set valid for the scenario time is used 677 
in the CGM creation and assembly. This process requirement is because a CGM is created by using 678 
only one boundary. The validation process of IGMs with the official boundary set is also 679 
established to make sure that a consistent set of boundary points master data is being used and 680 
CGM can be created. 681 

Power flow of a CGM is calculated without topology processing resulting with new TP CIMXML 682 
file, which means that TP is used as an input, and it is not created as the result of CGM build 683 
process16. 684 

The inputs and outputs for power flow calculation when solving a CGM are shown in Figure 7. 685 
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 686 

Figure 7 Concept of solving power flow for a CGM and one market time unit 687 

After the CGM is assembled (“Assemble” in Figure 7), the power flow initial assumptions (SSH) 688 
might be adjusted as part of merging process and area interchange control thus updated SSH 689 
CIMXML files (SSHupd) are created. Adjustments (“Adjust inputs” in Figure 7) appears before the 690 

 

16 There is a difference here for CGMES v3 where TP is a common TP instance file for the whole CGM.  
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power flow is solved (e.g. aligning the status of interconnectors), while the power flow is solving 691 
(e.g. due to set limits and constraints for the power flow and area net interchange algorithms) 692 
and after the solution (aligning the SV and SSHupd values). 693 

In case a valid IGM was not provided for the requested timestamp (md:Model.scenarioTime) 694 
before gate closure time, substitution algorithm will be applied as described previously. 695 

The adjustments before power flow calculation are: 696 

• Alignment of tie lines statuses if not aligned before gate closure time, resulting in 697 
disconnecting both sides of the interconnector simulating the worst-case scenario. 698 

• For a partial assembly, that might occur if a synchronous area has gaps in case substitution 699 
algorithm did not result in selection of an IGM for substitution (e.g. IGMs were not 700 
provided for longer period of time) boundary tie lines for the missing IGMs cannot b e 701 
matched by an IGM at the remote end of the tie line. The flow in unmatched tie lines are 702 
represented by injection values at cim:EquivalentInjection-s and may need adjustment as 703 
follows: 704 

• DC tie flows are adjusted according to market schedule if available and applicable. 705 

• The sum of the flows both for AC and DC at the cim:EquivalentInjection-s (of the tie lines 706 
which are only defined on one IGM’s side and for which a cim:TieFlow exists) shall match 707 
up with the sum of the net positions (cim:ControlArea.netInterchange attribute) in the 708 
assembled CGM. If this is not the case those AC cim:EquivalentInjection-s must be scaled 709 
so they match sum of the net positions. The power factor shall be maintained when 710 
scaling. The cim:TieFlow-s included in the summation shall be linked to a cim:ControlArea 711 
of type interchange. 712 

The adjustments while solving a power flow are made to respect the limits and constraints and 713 
to maintain the active power exchange for cim:ControlArea. The active power flow exchange for 714 
each cim:ControlArea shall match the net interchange. Any mismatch that appears per 715 
cim:ControlArea is distributed as load slack over the cim:ConformLoad-s in the cim:ControlArea.  716 

The power flow is solved with agreed settings: 717 

• Two different algorithms for controlling active power interchange  of cim:ControlArea-s 718 
are available: 719 

• Equations are embedded in the power flow solver including equations for distribution of 720 
mismatch over cim:ConformLoad-s, this is load slack. 721 

• A classic area net interchange that distributes mismatch between iterations over 722 
cim:ConformLoad-s until all scheduling areas are inside the defined offset threshold per 723 
area, simulating a load slack. The residual threshold mismatch is distributed on all 724 
generating units in the CGM proportional to the reserve margin for each unit, this part of 725 
the classic algorithm is generation slack. 726 

• Voltage control is enabled, and reactive power limits shall be respected.  727 

• Active power control is enabled, and active power flows shall be respected. 728 

Once the power flow is solved, the updated SSH files are exported (“SSHupd” in Figure 7) with 729 
the following adjustments and results: 730 

• The scaled injections for cim:EquivalentInjection-s at the borders of the CGM. 731 

• The computed tie line power flows at the cim:EquivalentInjection-s inside the CGM. 732 

• The cim:ConformLoad injections resulting from load slack distribution.  733 

• Reactive injections at cim:SynchronousMachine-s (cim:RotatingMachine.q attribute) as a 734 
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result of keeping voltage targets. 735 

• Tap changer positions and shunt sections (cim:TapChanger.postion and 736 
cim:ShuntCompensator.section attributes) as a result of keeping voltage and active power 737 
flow targets. 738 

• The active power injections from cim:SynchronousMachine-s are not updated in order to 739 
properly reflect the operating assumptions from the market  regarding the generation 740 
schedules. The generation slack adjustments shall be small and not impact the operating 741 
assumptions. 742 

• The other values in the SSHupd files are kept the same as in the original SSH files. 743 

• The SV file includes the complete solution which is resulting from the usage of the updated 744 
SSH (SSHupd). 745 

The power flow solutions in a CGM are created for each market time unit relevant for the business 746 
process. This means that a CGM for each studied md:Model.scenarioTime will have: 747 

• one SV CIMXML file with a md:Model.scenarioTime representing the studied time.  748 

• one SSHupd CIMXML file per IGM with the same md:Model.scenarioTime as the SV 749 
CIMXML file. Note that if an input IGM was substituted, SSH CIMXML file as part of the 750 
IGM used for substitution will have a md:Model.scenarioTime that differs from the studied 751 
time as recorded by md:Model.scenarioTime in the SV and SSHupd files. The replacement 752 
process is described in detail in the EMF requirements document. The SSHupd CIMXML 753 
file in case of the substitution has a md:Model.Supersedes reference to the original SSH 754 
CIMXML file that shall be a clear indication that the substitution happened. 755 

• The version number for all created SSHupd and SV CIMXML files shall be the same. 756 

• CGM SSHupd or SV CIMXML files may need recalculation due to issues in IGM CIMXML 757 
files at one or more time units, refer to section 6.4. New CGM SSHupd and SV CIMXML 758 
files shall then be created with new md:FullModel rdf:about identifiers and 759 
md:Model.version numbers. The md:Model.version number shall be ascending and all 760 
recalculated CIMXML files for a time unit shall have the same version number.  761 

6.7 Checking security of a power flow solution  762 

Once an IGM or CGM power flow solution has been created for the base case or a contingency 763 
case it is checked against operational PATL limits. Both voltages and branch flows are checked, 764 
the rules are at validation level 8. For branches the permanent admissible transmission loading 765 
(PATL) limits are used. Violations indicate that the power system is not congestion free with the 766 
given schedules and remedial actions must be taken to move the power flow solution within 767 
limits. 768 

 769 

7. XML format 770 

7.1 Introduction 771 

This section provides information on the CIMXML format. 772 

7.2 The Prolog 773 

The prolog is defined in the CGMES and in IEC 61970-552. It contains information on the xml 774 
version and the encoding of the file. It is the statement seen at the top of the CIMXML instance 775 
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file before the start of the RDF set of triples. For instance:  776 

<?xml version="1.0" encoding="UTF-8"?> 777 

QoCDC has some rules to check if the prolog contains required information. 778 

7.3 XML name spaces 779 

XML namespaces are used to make a vocabulary globally unique and avoid mixing it with other 780 
vocabularies. For instance, the word “Substation” may appear in many different vocabularies and 781 
assigning it to a namespace prevents mixing. So instead of just having the word “Substation” as 782 
element name it includes a namespace, e.g., “http://iec.ch/TC57/2013/CIM-schema-783 
cim16#Substation”. For better readability the namespace can be replaced by a prefix, i.e., 784 
“cim:Substation” in the CIMXML instance file. When an element or an attribute name with a prefix 785 
is processed the software parsing the CIMXML replaces the prefix with the full namespace. To 786 
support this replacement a namespace declaration shall be present in an XML file, e.g.  787 

xmlns:cim=”http://iec.ch/TC57/2013/CIM-schema-cim16#” (CGMES v2.4) 788 

The use of namespaces in CIM standard is specific. Each CIM version has its own name space 789 
declaration. Note that this applies for each CIM version prior CIM18, e.g., for CIM17 (CGMES v3) 790 
the namespace is 791 

xmlns:cim=http://iec.ch/TC57/CIM100#.  792 

A consequence is that CIMXML files for different CIM versions cannot be mixed. Software reading 793 
CIMXML files need to manage the different CIM versions separately, e.g., quality gates and 794 
merging tools will have to read CIMXML files of different versions as separate sets. Hence 795 
boundary CIMXML files need to exist in one set per CIM version. Custom XML processing software 796 
might ignore this, but any solution based on W3C XML standards will not.  797 

It is technically possible to mix data described by different CIM versions by having different CIM 798 
namespaces within the same CIMXML file and different prefixes for them, e.g., a cim16 URI and 799 
cim17 URI.  800 

It shall also be noted that profiles do not have their own name spaces. This makes mixing data 801 
from different profiles simple as the same namespace is used given the CIM version is the same. 802 
The downside is that validation cannot use the CIM namespace but must rely on the 803 
md:Model.profile element in the md:FullModel header. However, the CIMXML format (described 804 
in IEC 61970-552:2016) is based on RDF technology and RDF compliant software natively can 805 
validate CIMXML files against profiles, or rather an ontology generated from the profile.  806 

CGMES v2.4 uses the following namespace prefixes:  807 

• “cim:” for power system data, defined in IEC standards for the canonical CIM and not for 808 
the profiles. 809 

• “entsoe:” for ENTSO-E extensions to power system data, see CGMES v2.417. Note that this 810 
namespace originates from extensions of the canonical CIM and not the profiles.  811 

• “md:” for meta data for the Model header, see IEC 61970-552:2016.  812 

• “dm:” for the difference model, see IEC 61970-552:2016. 813 

Project specific implementations can contain other namespaces and related prefixes, such as 814 
cgmbp that is used for additional information in boundary set. Such solutions are normally 815 

 

17 Because CGMES v3 is an international standard, extensions are using prefix eu instead of entsoe. 

http://iec.ch/TC57/2013/CIM-schema-cim16
http://iec.ch/TC57/CIM100
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temporally solutions until a standardised approach is defined and implemented.  816 

8. Metadata  817 

8.1 Introduction 818 

Restrictions on metadata and business process are described by the levels 1, 2 and 4 rules. If any 819 
of these rules fail it is not possible to create a model that can be solved by power flow calculation. 820 
For levels 1 and 2 all information is in QoCDC. For level 4 guidelines are provided in following 821 
subchapters. 822 

8.2 Guidelines on dependencies 823 

The CIMXML header (either classes md:FullModel or dm:DifferenceModel) describes main 824 
content of the CIMXML instance file and its dependency on other instance files. QoCDC level 4 825 
rules describe and restricts the required references between CIMXML files. The purpose is to 826 
support assembly of IGMs and CGMs. The assembly process always starts from the SV file and by 827 
tracing the dependencies starting from the SV file a complete IGM or CGM is obtained. 828 

For CGMES v2.4 the dependencies are described in IEC 61970-552:201618 by the roles: 829 

• md:Model.Supersedes. 830 

• md:Model.DependentOn. 831 

The required dependencies for md:Model.DependentOn are shown in Figure 8. Note that more 832 
references can exist between objects in different CIMXML files. However, the references shown 833 
in Figure 8 are the ones needed to successfully assemble and IGM or CGM. 834 

Note that the boundary references in the SV and EQ files relate to the boundary files used when 835 
the IGM or CGM was created. When creating a CGM the official boundary files are used by the 836 
EMF application. Therefore, TSOs should ensure that changes in official boundary set are taken 837 
into account when IGMs are created. 838 

For CGM process, the md:Model.Supersedes is restricted to the following use cases: 839 

• Update of the same limit values multiple times (see example in Figure 9), only for CGMES 840 
v2.4 as limit values are in the EQ. 841 

• Update of SSH files at CGM creation, with SSHupd, see example in Figure 10. 842 

The possibility to exchange EQDIFF CIMXML files via OPDE is not implemented. Therefore, 843 
explanations are based on general CGMES terms and not specific CGM building process 844 
procedures. In case CGM process needs to include a possibility to exchange periodic update of 845 
operational limits, e.g., daily or hourly, an update of limits’ values in SSH is the recommended 846 
approach. This solution is available in CGMES v3 SSH.  847 

 848 

 

18 Descriptions are available in the standard and CGMES v2.4. CGMES v3 also relies of the same standard. 
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 849 

Figure 8 CIMXML file md:Model.DependentOn dependencies19 850 

 851 
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 852 

Figure 9 Use of md:Model.DependentOn and md:Model.Supersedes in IGMs 853 

Figure 9 shows IGM power flow cases at three different scenario times (md:Model.scenarioTime) 854 
and the CIMXML files for each scenario time. The IGM for scenario time t1 has CIMXML files for 855 
EQ, SSH, TP and SV but without the boundary files. The IGM for scenario time t2 has an EQDIFF 856 
CIMXML file instead of an EQ CIMXML file. As the EQDIFF CIMXML file at t2 describes changes to 857 
the EQ CIMXML file at t1 the md:Model.Supersedes is the reference that links them together. The 858 
complete EQ CIMXML file for t2 is created by applying the changes in the t2 EQDIFF CIMXML file 859 
to the t1 EQ CIMXML file.  860 

The relations between IGM and CGM CIMXML files is shown by the example in Figure 10. 861 
 862 

 

19 TPBD is for CGMES v2.4 only. 
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 863 

Figure 10 Example of relations between IGM and CGM files20 864 

Figure 10 shows two IGMs to the left and one CGM created based on the IGMs to the right. The 865 
IGMs and the CGM are for the same scenario time (md:Model.scenarioTime). In case an IGM is 866 
missing for this scenario time, another IGM is used according to the replacement strategy applied 867 
for CGM creation process. 868 

It can be noted that: 869 

• The CGM relies on the CIMXML files from the IGMs. 870 

• The CGM SV CIMXML file have md:Model.DependentOn references to the TP CIMXML file 871 
for each IGM. 872 

• The EQ CIMXML files of the IGMs are located with the md:Model.DependentOn reference 873 
between TP and EQ. 874 

• An updated SSH CIMXML file is created by the EMF application for each SSH CIMXML file 875 
in the IGM and they are linked to the SSH from the IGM with md:Model.Supersedes. 876 

Usage of CIMXML difference file also requires usage of md:Model.Supersedes in the 877 
dm:DifferenceModel element to indicate to which model this difference model is applied to. In 878 
general, the operations to be applied are: 879 

• Addition of new objects; 880 

• Deletion of existing objects; 881 

• Update of existing objects. 882 

Note that CGM building process only supports using the dm:DifferenceModel for the purpose of 883 
updating limit values in EQ and this is only applicable for CGMES v2.4. 884 

The operations using difference CIMXML files result in a new EQ model that contains the 885 
combination of superseding and the superseded files as shown in Figure 11. The new EQ model 886 
can be exported in a md:FullModel CIMXML file if this is required by the process.  887 

 

20 In CGMES v3 there is only one TP instance file representing the output of the topology process for the CGM. 
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 888 

Figure 11 Application of DIFF files 889 

In Figure 11 the EQ CIMXML file EQx is superseded by the EQDIFF CIMXML file. Applying the 890 
differences results in a new EQ CIMXML file EQy. EQy has the same meta data as EQDIFF which 891 
means the mRID, scenario time, description, profiles, MAS etc. are the same. The mRIDs being 892 
the same means that the rdf:about in the headers is the same. Hence the DependentOn 893 
references from TP and SSH to the original EQDIFF are not affected and work with the new EQy.  894 
Note that this is only valid because the scope of the EQ difference is limited to updates of limits’ 895 
values only. 896 

The discussion above indicates that the application of the difference EQDIFF is made with the 897 
files, but this is just one option. Places where a difference CIMXML file can be applied are : 898 

• Before uploading CIMXML files to a middleware which means that no difference files are 899 
uploaded. This option is not used. 900 

• By the middleware after upload as shown in Figure 12. 901 

• By the receiving client after download from the middleware. This option is not used.  902 

Figure 12 shows the application of an EQDIFF CIMXML file to the EQx file by the middleware 903 
(OPDE in this case) which means that Receivers do not see the EQDIFF CIMXML file but only the 904 
resulting EQy CIMXML files. 905 

MWSender

EQx

EQ
DIFF

EQy

Receiver

EQy

EQx

EQ
DIFF

EQyEQyApply

 906 

Figure 12 Applying the EQDIFF at the Middleware 907 

In Figure 12 the EQDIFF CIMXML file is transferred to the middleware (OPDE) where it is applied 908 
to the EQx CIMXML file referenced by the md:Model.Supersedes in the difference file. This result , 909 
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the EQy CIMXML file, can be downloaded by the Receivers. 910 

Applying difference files at the middleware is also required for the validation as EQDIFF CIMXML 911 
files cannot be validated on their own. 912 

The completeness of data across CIMXML files are checked at level 4 which includes two types of 913 
checks: 914 

• The references between objects resolve, i.e., an object referenced by a rdf:resource exists. 915 

• Objects are complete meaning that all mandatory attributes or references are present 916 
according to cardinality rules in the information model.  917 

9. Boundary data 918 

For details on boundary data and different configurations related to the boundary points 919 
placement for AC and DC IGMs, please refer to ENTSO-E Boundary and reference data exchange 920 
application specification.  921 

10. Market schedule interface 922 

10.1 Overview 923 

To reflect the agreed power exchanges between the system operators in the forecast models, 924 
simulating the load frequency control and commercial electricity trade, the net position values 925 
for the corresponding market time unit are enforced by scaling algorithms over the scheduling 926 
areas of a CGM. 927 

Agreed power exchanges are determined via scheduling process, which starts with the day-ahead 928 
schedule nomination of market participants and ends with the last intra-day schedule adaptations 929 
prior to real time operation. The scheduling process is ensuring that the sum of scheduling area’s 930 
net positions within a synchronous area is equal to zero, i.e., net positions are balanced. The 931 
function that receives scheduled exchanges at the relevant time instances per scheduling area or 932 
per scheduling area border and per HVDC links and provides balanced net positions is Pan -933 
European Verification function (PEVF). Balanced net positions are main requirement that enables 934 
the merge of IGMs into the CGM. 935 

As market schedules are available only for day-ahead and intraday time horizon, the Common 936 
Grid Model Alignment process (CGMA) was established to make sure that it is possible to create 937 
CGMs for other time horizons, starting from two days ahead up to year ahead. 938 

10.2 Market Data Messages 939 

10.2.1 Reporting Information Market Document Format 940 

The standardisation of the scheduling and alignment process information exchanges from PEVF 941 
and CGMA platforms to OPDE is based on the Reporting Information Market document, targeted 942 
towards business-to-business application interfaces. 943 

Both PEVF and CGMA platforms have production and acceptance instances. The origin of the 944 
documents is indicated by the EIC of the sender (sender_MarketParticipant.mRID) in the 945 
document header. Respective documents are to be used with the grid models originating from 946 
the same OPDE environment, production or acceptance (see Table 5 for 947 
sender_MarketParticipant.mRID). 948 
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Table 5 ReportingInformation_MarketDocument header 949 
 

PEVF CGMA 
 

Day Ahead Intraday 
Two Days Ahead …  

Year Ahead 

ReportingInformation_MarketDocument  

xmlns reportinginformation_marketdocument:2:0 reportinginformation_marketdocument:2:0 

reportinginformation_marketdocument:2:1 

mRID Document identification 

revisionNumber Version of the document 

type  B19 = Reporting information market document 
with virtual scheduling areas 

B19 = Reporting information market document 
without PSLC 
B29 = Reporting information market document 
with PSLC 

process.processType A01 = Day ahead  A18 = Total intraday  A33 = Year ahead 
A32 = Month ahead 
A31 = Week ahead 
A45 = Two days ahead 

sender_MarketParticipant.mRID The role of the sender:  
10V1001C--00012J = PEVF PROD 
10V1001C--000365 = PEVF ACCE 

The role of the sender:  
10V000000000011Q = CGMA PROD 
10V000000000010S = CGMA ACCE 

sender_MarketParticipant.marketRole.type A32 = Market information aggregator  A39 = Data provider  

receiver_MarketParticipant.mRID The role of the receiver, EIC The role of the receiver, EIC 

receiver_MarketParticipant.marketRole.type  A33 = Information receiver The role of the receiver  

createdDateTime UTC time of document creation.  

domain.mRID  A scheduling area representing the regional 
group identified with an EIC Y code.  

codingScheme = A01. 

The optimisation area of concern or the whole 
CGMA area identified with an EIC Y code.  

codingScheme = A01.  

time_Period.timeInterval  This information provides the start and end date and time of the period covered by the document. 

A single whole calendar day in the CET/CEST time zone in UTC time.  

The time interval shall conform to the following pattern:  

YYYY-MM-DDThh:mmZ/ YYYY-MM-DDThh:mmZ 

docStatus  The identif ication of the condition or position of the document with regard to its standing. A 

document may be intermediate or final.  
A01 = Intermediate 

A02 = Final (to be used in processing)  

 950 
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Table 6 ReportingInformation_MarketDocument.TimeSeries elements  951 
 

PEVF CGMA 
 

Day Ahead Intraday 
Two Days Ahead …  

Year Ahead 

TimeSeries  

mRID Identification of the time series 

businessType  B63 = Aggregated netted external schedule  
B64 = Netted area AC position  
B65 = Netted area position. The net AC and 
DC position of the scheduling area. 

B64 = Netted area AC position  
B65 = Netted area position. The net AC and 
DC position of the optimization area.  
B67 = DC net flow at the importing end  
B68 = DC gross flow at the exporting end 
B73 = Indicative AC flow 

For CGMA in PEVF notation, see details for 
PEVF 

product  8716867000016 = Active Power 

in_Domain.mRID / codingScheme  An area where the product is being delivered.  

Identified with an EIC Y code. Either the in_Domain.mRID or the out_Domain.mRID must match 
the subject_Domain.mRID. 

codingScheme = A01. 

out_Domain.mRID / codingScheme  An area where the product is being extracted.  
Identified with an EIC Y code. Either the in_Domain.mRID or the out_Domain.mRID must match 

the subject_Domain.mRID. 
codingScheme = A01. 

connectingLine_RegisteredResource.mRID  Required if DC link or controllable AC link 
codingScheme = A01 (EIC-T) 

Not used for:  
B64 = Netted area AC position 

B65 = Netted area position 

Indication of DC link or controllable AC link.  Identification of the DC link on the level of 

poles and optionally of the DC link itself.  
Mandatory for:  
B67 = DC net flow at the importing end and 
B68 = DC gross flow at the exporting end 
Not used for:  
B73 = Indicative AC flow.  

measurement_Unit.name MAW = Mega watts 

curveType  A03 = Variable block A02 = Point 

marketObjectStatus.status Not used A32 = Result  

The values are the result from the CGMA 
optimization for netted AC area position and 
result from the PSLC for DC flow 

TimeSeries.Period  

resolution  PT1M Resolution used in the Point class.  

PT1H. 

TimeSeries.Period.Point  

position Position in the time series.  

quantity Value of the netted (AC) area position or flow (no signed value).  

TimeSeries.Reason 

code  The following code shall be used:  

A28 = Substitution is applied 
A26 = Default Time Series applied  
A30 = Imposed Time Series from nominated 
party’s Time Series  
A54 = Global position not in balance  
A88 = Verif ication succeeded 
B08 = Data not yet available.  
B30 = Data unverified 
B31 = Data verif ied 

Other reason codes according to ENTSO-E 
code list 

Not used 

 952 

10.2.2 PEVF 953 

Each instance of PEVF platform is providing reporting information market documents of 954 
type = B19, per scheduling day, for the two time horizons (day ahead and intraday) and with 955 
multiple versions. Each evolution of PEVF document is carried out through the creation of a new 956 
version. The new version replaces the previous version.  957 
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Day ahead values of the schedules with business type of “Day ahead” being 958 
process.processType = A01. Two versions of this document are provided:  959 

• Preliminary reference program (docStatus.value = A01) and version 1 (revisionNumber = 960 
1) at 16:30h CE(S)T 961 

• Final reference program (docStatus.value = A02) and version 2 (revisionNumber = 2) at 962 
17:50h CE(S)T 963 

Final reference program is used for the validation and CGM creation in day ahead process. 964 

Intraday values of the schedules are with business type of “Total intraday” being A18. Thirty (30) 965 
versions of this document are provided for every intraday market gate, for a given market time 966 
unit (MTU). Allowed MTUs are 1/4h, 1/2h, 1h. The publication of PEVF documents to OPDE for 967 
intraday is on the hourly basis (at the moment). 968 

• All intraday PEVF documents have the indication of preliminary reference program 969 
(docStatus.value = A01) as they start as the updated values of the values already provided 970 
in the day ahead PEVF document and continue as the updated values. 971 

• The Time_Period.timeInterval and the timeInterval_DateTimeInteval always cover the 972 
complete period meaning the whole day. 973 

• Versioning is ascending, with version 1 (revisionNumber = 1), published at 18:30h CE(S)T 974 
on the day before intraday process. The last, 30th version of the intraday PEVF document 975 
is published at 23:30h CE(S)T on the day of the intraday process.  976 

• Intraday IGMs created for reference hour hh CE(S)T and available at OPDE by hh-0:55 977 
CE(S)T, should be built with the market data available at hh-1:30 CE(S)T. 978 

• In QAS, IGMs will be validated (and re-validated) against the latest available version of 979 
intraday PEVF document. 980 

• For static validation, the cross validation of IGM against PEVF document should be with 981 
the version that is used for the intraday CGM creation.  982 

• Intraday CGM creation at hh CE(S)T will use the latest available PEVF document published 983 
at hh-00:30 CE(S)T and be validated against the following PEVF documents: 984 

• In QAS, the same or latest published version PEVF document, depending on the CGM 985 
publication time, and revalidated with every new version of PEVF document . 986 

• For static validation, the PEVF document used for CGM creation should be used for CGM 987 
validation.  988 

The PEVF document contains: 989 

• Information on the area netted position (Netted area AC and DC position = B65).  990 

• Information on the area net position (Netted area AC position = B64). 991 
Two (2) TimeSeries per scheduling area are provided. One TimeSeries provides the input 992 
to the area and the other provides the output from the area.  One of the areas in the 993 
TimeSeries (in_Domain.mRID / out_Domain.mRID) is always the EIC Y code of the 994 
respective synchronous area. The other area in the TimeSeries is the EIC Y code of the 995 
TSO’s control area, corresponding to the cim:ControlArea in an IGM for which the value 996 
of cim:ControlArea.type is cim:ControlAreaTypeKind.Interchange.  997 

• Information on the flows per border(s) (Aggregated netted external schedule = B63 ): 998 

• Two (2) TimeSeries per scheduling area border, in_Domain.mRID / out_Domain.mRID are 999 
the EIC Y code of the involved AC scheduling areas, corresponding to the 1000 
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cim:ControlArea(s) in the two IGMs for which the value of cim:ControlArea.type is 1001 
cim:ControlAreaTypeKind.Interchange. 1002 

• Four (4) TimeSeries per scheduling area border, for DC links and controllable AC links. 1003 

• Two (2) TimeSeries are assigned to the first of the involved TSOs and two (2) 1004 
additional TimeSeries are assigned to the second involved TSO. 1005 

• One of the in_Domain.mRID / out_Domain.mRID are the: 1006 

• EIC Y code of the involved AC scheduling areas (TSOs) corresponding to 1007 
the cim:ControlArea-s in the AC IGMs for which the value of 1008 
cim:ControlArea.type is cim:ControlAreaTypeKind.Interchange   1009 

• EIC Y code of the virtual scheduling area (VSC). 1010 

• DC links and controllable AC links are identified using additional “path”-information, 1011 
connectingLine_RegisteredResource.mRID being the EIC T code of the DC link or pole, or 1012 
controllable AC link. 1013 

As a conclusion, PEVF document and “PEVF notation” CGMA document, are based on using the 1014 
same business types for AC and DC border exchange (businessType = B63) and the concept of 1015 
virtual scheduling area with addition of connectingLine_RegisteredResource.mRID to define a DC 1016 
link/pole (depending on number of boundary points defining the link) and AC controlled links. 1017 

With the combination of businessType (B63) and the EIC T code of the DC link/pole 1018 
connectingLine_RegisteredResource.mRID, provided as well in the Boundary Data Set, the 1019 
information is mapped to one of the ends of the DC link/pole, determined by the EIC Y code of 1020 
the AC scheduling area in in_Domain.mRID / out_Domain.mRID of B63 TimeSeries.  1021 

Amongst all the time series descriptive information, there is as well the information of the 1022 
curveType used to describe the type of curve that is being provided for the Time Series in 1023 
question. In case of PEVF document, the curveType A03 – “Variable Sized Blocks” is used (see 1024 
10.2.4). 1025 

The validity of the information provided in PEVF document is determined based on the 1026 
TimeSeries.Reason codes (see Table 6 for details). Missing or not validated scheduling data is 1027 
flagged with the respective reason codes. If the values for DC links are missing or not validated, 1028 
the validation shall be skipped. 1029 

10.2.3 CGMA 1030 

The CGMA platform calculates the CGMA results, which for core CGMA process c onsist of a set 1031 
of: 1032 

• balanced netted area AC positions (businessType = B64) 1033 

• balanced netted area positions (businessType = B65) 1034 

• balanced gross DC flows at the exporting end (businessType = B68) , on the level of poles 1035 
or link (if poles are aggregated) 1036 

• indicative AC flows per border (businessType = B73) 1037 

This process results in CGMA document with type = B19, and publication of initial reference 1038 
program (docStatus = A01) finalized at 17:15h CE(S)T. 1039 

After the CGMA platform provides the initial results based on one of the following options: 1040 

• the responsible TSO(s) will submit pole split and loss calculation document (PSLCD) with 1041 
externally calculated flows and losses on DC links by splitting the DC links into single poles 1042 
(if applicable) by PSLCD gate closure time (17:28h CE(S)T), or 1043 
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• if TSO(s) agree on an internal pole splitting and loss calculation, CGMA itself will perform 1044 
the calculation based on defined pole capacities and loss factors.  1045 

The final CGMA document (docStatus = A02) with PSLC results will be provided by the CGMA 1046 
platform at 17:30h CE(S)T and will create two different types of documents.  1047 

The first of the document types is providing the results in “PEVF notation” with type = B29 (PSLC 1048 
results by using the same business types and the concept of virtual scheduling areas).  1049 

The “CGMA notation” of the final results is of the same format  of the document, with type = B29 1050 
(PSLC results), as the initial results of CGMA for the alignment process, with a  slight enhancement 1051 
in terms of a dedicated business type for balanced DC net flows at the importing end 1052 
(businessType = B67). 1053 

With the combination of businessType (B67 or B68) and the EIC T code of the DC link/pole 1054 
connectingLine_RegisteredResource.mRID, provided as well in the Boundary Data Set, the 1055 
information is mapped to the importing (B67) or exporting (B68) end of the DC link/pole.  1056 

CGMA process targets multiple time horizons as well, defined by the process.processType (see 1057 
Table 5). 1058 

For IGMs and CGMs validation process, and CGM creation process, the final CGMA results are to 1059 
be used. 1060 

Amongst all the time series descriptive information, there is as well the information of the 1061 
curveType used to describe the type of curve that is being provided for the Time Series in 1062 
question. In case of PEVF document, the curveType A02 - “Point” is used (see 10.2.4 for details). 1063 

10.2.4 curveType 1064 

The TimeSeries class contains the information of the curveType.  1065 

The TimeSeries.Period class provides following details describing what the TimeSeries of specific 1066 
curveType represents: 1067 

• timeInterval.Start and timeInterval.End  1068 
All time intervals for the time series in the document must be within the total time interval 1069 
associated to the MarketDocument class. In case of the PEVF and CGMA documents, they 1070 
are identical. 1071 

• resolution 1072 

• PEVF document and CGMA document in PEVF notation: PT1M – one minute resolution 1073 

• CGMA document: PT1H - one hour resolution 1074 

• Point.position(s) is the relative position of a period within a time interval. It provides all 1075 
the content for a given time step which is identified by the position. The position always 1076 
begins at the value “1”. The maximum number of repetitions of the Point class is 1077 
determined assuming that all variables are expressed as an integer number of resolution 1078 
units by the formula: 1079 

𝑡𝑖𝑚𝑒𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙. 𝐸𝑛𝑑 − 𝑡𝑖𝑚𝑒𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙. 𝑆𝑡𝑎𝑟𝑡

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 1080 

• The effective number of Intervals depends on the curveType element contents. 1081 

• The exact time position within is calculated using the formula:  1082 

𝑇𝑖𝑚𝑒𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 =  𝑡𝑖𝑚𝑒𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙. 𝑆𝑡𝑎𝑟𝑡 +  (𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 ∗ (𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 1)) 1083 

• with 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 being the position value of the Point class. 1084 
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• Point.quantity is the constant power in MW (measurement_Unit.name = MAW) on the 1085 
time interval. 1086 

The curveType used in PEVF document and PEVF notation of CGMA document is Variable Sized 1087 
Blocks (A03). The curve is made of successive intervals of time (Blocks) of variable duration (size), 1088 
where the end date and end time of each Block are equal to the start date and start time of the 1089 
next interval. For the last Block the end date and end time of the last Interval would be equal to 1090 
timeInterval.End. 1091 

PEVF document, and any market schedule that uses the curveType Variable Sized Blocks (A03) 1092 
with a resolution of 1 minute shall respect the constraint that a change in the block value can 1093 
only occur based on the bilaterally agreed resolution boundary that has been used in the s ystem 1094 
operator to system operator matching. As the minimal resolution at this moment is 15min 1095 
resolution for imbalance settlement, the changes cannot be reported within time period less then 1096 
15min. 1097 

In case schedules are provided on a 1/4-hour resolution (15-point difference) in a document with 1098 
PT1M resolution, the values of the 3rd quarter will be used for CGM creation and IGMs and CGM 1099 
validation, as grid models are provided on a 1-hour resolution. This is per decision made by 1100 
Regional Group Continental Europe21. 1101 

The curveType used in CGMA document is Point (A02). The curve is made of successive instants 1102 
of time (Points). It corresponds to a Period where only the interval positions that have data ar e 1103 
present within intervalTime. The resolution corresponds to the smallest expected interval 1104 
between two Points. 1105 

10.2.5 Comparing PEVF and CGMA with IGMs 1106 

When comparing values with PEVF and CGMA with IGMs it should be considered that: 1107 

• There is no sign convention in PEVF and CGMES as all values are positive and there are 1108 
different properties for in_Domain and out_Domain, which provide flow direction. 1109 

• Net Position means the netted sum of electricity exports and imports for each market time 1110 
unit for a scheduling zone. 1111 

• If in_Domain is the TSO, it means an import to the TSO area. 1112 

• If out_Domain is the TSO, it means an export from the TSO area. 1113 

• For QAR report and QAS portal, the import is represented by a negative value and the 1114 
export by a positive value. 1115 

10.2.6 Mapping for HVDC links 1116 

The schedule messages identify objects using Energy Identification Codes (EIC). The linkage 1117 
between the schedule messages objects and the CIM objects is accomplished by adding the EIC 1118 
to the CIM objects in the attribute entsoe:IdentifiedObject.energyIdentCodeEic. This attribute 1119 
exists when there is a link to object in schedule messages.  1120 

This interface is only valid for HVDC Links between two scheduling areas. If a link is internal within 1121 
a scheduling area refer to section 10.4. 1122 

Market schedules are defined per HVDC Link. An HVDC Link consists of one or more HVDC Poles 1123 
where each HVDC Pole may be operated independently.  1124 

 

21 58th Plenary Meeting on 29 September 2020.  
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The HVDC Link schedule is divided per HVDC Pole in the pole splitting and loss calculation (PSLC) 1125 
process. 1126 

In the CGMA process, this can be done either internally or externally by a TSO or RSC/RCC. If done 1127 
externally, the involved TSOs decide how to split the losses. If done internally in the CGMA 1128 
process, a simple model using parameters from the boundary definition is used, e.g., pole 1129 
distribution factors and loss parameters in percent of active power transfer. The computed losses 1130 
are added to the sending side so that the requested power from the receiving side is serviced.  If 1131 
done externally by TSO or RSC/RCC they can benefit from the detailed HVDC model where a loss 1132 
calculation formula describes how the components in an HVDC Pole contribute to the losses.  1133 

The pole split and loss calculation is required as HVDC Link schedules contain the total flow in all 1134 
HVDC Poles without losses. 1135 

The inputs and outputs are: 1136 

• Input pre-processing data (PPD) sent by each TSO. PPD contains schedules per HVDC Link 1137 
and area interchanges. CGMA performs PSLC either internally or by getting the PSLC data 1138 
from the TSOs, see next bullet. 1139 

• Input PSLC data sent by a TSO. The PSLC data contain schedules per HVDC Pole at sending 1140 
and receiving side as well as the losses (difference between active power at the sending 1141 
and receiving side). PSLC data are provided only by TSOs connected to an HVDC Lin k and 1142 
can be submitted by only one of the connected TSOs (single-side data provision). 1143 

• Output is the “final reference program” with area interchanges and HVDC Pole schedules 1144 
aligned. 1145 

For post-market closure time frames, day-ahead and intraday, PSLC is always done externally by 1146 
the TSO and provided as PEVF documents. 1147 

The RIMD/RMD document describe area interchange where the subject_domain.mRID defines a 1148 
collection of HVDC Links, the in_Domain.mRID and out_Domain.mRID describe the scheduling 1149 
areas, and connectedLine_RegisteredResource.mRID specify the specific link.  1150 

The HVDC losses are taken by the sending side, and this is accomplished by a virtual scheduling 1151 
area in the middle of the HVDC line as explained with the example in Figure 13 (the example is 1152 
valid for PEVF files and PEVF notation of CGMA final result file, as the VSA are being used ). 1153 

980MW

1000MW

1000MW Total loss
40 MW

980MW

 1154 

Figure 13 Example Pole Split and Loss Calculation (PSLC) 1155 

Figure 13 shows an example HVDC Link with two HVDC Poles (an HVDC Bipole) identified by EIC 1156 
codes 10T-FRGB-000017 and 10T-FRGB-000025. In the middle of the HVDC Link there is a virtual 1157 
scheduling area (VSA) cutting the HVDC Poles in two halves. In Figure 13 the HVDC Link loss is 2% 1158 
of the transferred power and each HVDC Pole transfer 1000MW with 20 MW loss per HVDC Pole. 1159 
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This example assumes that the receiving TSO requested a transfer of 1960 MW in total, the 1160 
sending TSO will then have to increase the transfer with 40 MW to 2000 MW in total to reach the 1161 
requested 1960 MW. 1162 

A RIMD/RMD message describing this PSLC contains the following four TimeSeries (schedules): 1163 

• Exchange from 10YFR-RTE------C to 10Y1001C—000255 (the VSA) using the HVDC Pole 10T-1164 
FRGB-000017. 1165 

• Exchange from 10YFR-RTE------C to 10Y1001C—000255 (the VSA) using the HVDC Pole 10T-1166 
FRGB-000025. 1167 

• Exchange from 10Y1001C------000255 (the VSA) to 10YGB----------A using the HVDC Pole 1168 
10T-FRGB-000017. 1169 

• Exchange from 10Y1001C------000255 (the VSA) to 10YGB----------A using the HVDC Pole 1170 
10T-FRGB-000025. 1171 

One cim:Line represents each HVDC Pole in the RIMD/RMD messages above. The sides of the 1172 
HVDC Pole is determined by the scheduling area EIC code that matches the cim:ControlArea with 1173 
the in_Domain.mRID and out_Domain.mRID at the two sides. 1174 

A method that could be used to find the network objects to update from the schedule is described 1175 
in terms of the network objects and the schedule message. The below method is described to 1176 
show that sufficient data for it is present in the CGMES standard. 1177 

• Each HVDC Pole is described by four TimeSeries in the schedule message, two for TSO1 to 1178 
VSA and two for VSA to TSO2. 1179 

• The connectingLine_RegisteredResource.mRID EIC code is the same as the EIC code of the 1180 
cim:Line-s and cim:ConnectivityNode-s contained in the cim:Line-s representing the HVDC 1181 
poles/link in the Boundary Data Set. 1182 

• The out_Domain.mRID and in_Domain.mRID in a TimeSeries refer to one of the following 1183 
pair of EIC codes:  1184 

• EIC_Y code of cim:ControlArea of TSO1 and EIC_Y code of the VSA.  1185 

• EIC_Y code of cim:ControlArea of TSO2 and EIC_Y code of the VSA.  1186 

• The two TimeSeries that refer to the same VSA describe the flow from one TSO to the 1187 
other. 1188 

• The EIC_Y code in the out_Domain.mRID define the area sending power and the EIC_Y 1189 
code in the in_Domain.mRID define the area receiving power, the cases are : 1190 

• Export from TSO1 to TSO2: 1191 

• One TimeSeries have the out_Domain.mRID referring to the TSO1 cim:ControlArea and 1192 
the in_Domain.mRID referring to the VSA.  1193 

• The other TimeSeries have the out_Domain.mRID referring to the VSA and the 1194 
in_Domain.mRID referring to the TSO2 cim:ControlArea.  1195 

• Export from TSO2 to TSO1: 1196 

• One TimeSeries have the out_Domain.mRID referring to the TSO2 cim:ControlArea and 1197 
the in_Domain.mRID referring to the VSA.  1198 

• The other TimeSeries have the out_Domain.mRID referring to the VSA and the 1199 
in_Domain.mRID referring to the TSO1 cim:ControlArea.  1200 

• The cim:Line contains two boundary points each for each HVDC Pole. The 1201 
cim:DCConverterUnit at each side in the HVDC Pole is found using the EIC T code from the 1202 
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connectingLine_RegisteredResource.mRID attribute in the TimeSeries.  1203 

• The side of the HVDC Pole where the schedule is feeding power into the pole gives the 1204 
active power values for the converter (cim:ACDCConverter.p) and the 1205 
cim:EquivalentInjection. The power flow at the other side is computed by the power flow 1206 
calculation. 1207 

• The AC IGM and the DC IGM (if exists) has a branch (e.g. cim:ACLineSegment) connecting 1208 
it to the boundary point. 1209 

• The branch in the AC IGMs has a cim:Terminal: 1210 

• that connects to the boundary point in a cim:Line 1211 

• that has a cim:TieFlow that links to the cim:ControlArea that has the EIC code referring to 1212 
the in_domain or out_domain. The cim:ControlArea gives the flow direction depending on 1213 
the matching out_Domain.mRID or in_Domain.mRID as described above. 1214 

• The branch in the DC IGM has a cim:Terminal that connects to the boundary point. The 1215 
cim:ACDCConverter has a reference cim:ACDCConverter.PccTerminal that is the 1216 
cim:Terminal connecting to a boundary point. 1217 

• The boundary point has an cim:EquivalentInjection both in the DC IGM and the AC IGM.  1218 

• The power flow inputs (the SSH profile values) in cim:EquivalentInjection-s and the 1219 
cim:ACDCConverter are updated with the active power flow from the schedule.  Operating 1220 
mode and active power control mode of the converters are also updated depending on 1221 
the applied changes.  1222 

10.3 Concept of Virtual Scheduling Areas for HVDCs schedules  1223 

The concept of Virtual Scheduling Areas for HVDCs schedules is used in PEVF files and in the PEVF 1224 
notation of CGMA final results. 1225 

An external HVDC Link is modelled consisting of one or more HVDC Poles where each HVDC Pole 1226 
is represented as a cim:Line. Due the lack of explicit modelling of the poles in CGMES v2.4, the 1227 
cim:Line-s representing the HVDC Poles link to market data by using the EIC identification. After 1228 
pole splitting of the HVDC Link schedules it is then possible to assign the pole split schedule values 1229 
to the EIs in the AC IGMs connecting the HVDC Link. 1230 

An internal HVDC Link, is modelled as a DC IGM with both ends of the HVDC Link connecting to 1231 
the same AC IGM describing the TSO network. Note that the cim:Line-s describing the HVDC Poles 1232 
must be in the BDS.  1233 

The market schedule concept introduces scheduling area also denoted as “virtual scheduling 1234 
area” (VSA) which covers the losses of the HVDC Link. The market information from PEVF/CGMA 1235 
messages that matches network data is shown in Figure 14. 1236 
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VSA

AC IGM 1 DC IGM

DC
bndry

AC IGM 2

cim:Line

TSO 1 TSO 2
DC

bndry

cim:Line

TSO 1 
Scheduling

Area

TSO 2 
Scheduling

Area

HVDC Polei o

HVDC Polei o

o i

o i

CGMES

Market

 1237 

Figure 14 Virtual Scheduling Area (VSA) Market DC Interface 1238 

A TSO Scheduling Area in the market message corresponds to the cim:ControlArea in the AC IGM. 1239 
The VSA corresponds to the cim:ControlArea in the DC IGM. 1240 

As for the injection models and representation by EI connected to boundary points the DC IGM is 1241 
not present, the VSA has no mapping for these models. The mapping is done via boundary points 1242 
that also have the EIC T code of the HVDC Pole. If there is a mismatch between the 1243 
cim:EquivalentInjection.p active power flow and the schedule values for an AC IGM used with the 1244 
injection model, the cim:EquivalentInjection.p values are to be directly updated from the HVDC 1245 
Pole schedule values and cim:EquivalentInjection.q values recalculated maintaining the original 1246 
power factor. 1247 

Market messages describe the power exchange between two scheduling areas as a time series 1248 
CIM object. A time series CIM object describes the import and export betw een two scheduling 1249 
areas. The exporting area is denoted as “out_domain” and the importing area - “in_domain”. In 1250 
Figure 14 a time series is symbolized with a thick orange line with two circles at each end. The 1251 
circles contain the letters “i” for “in_domain” and “o” for “out_domain”. As  Figure 14 shows an 1252 
HVDC Bipole eight time series CIM objects are needed to describe the exchange between TSO 1, 1253 
VSA and TSO 2. As the time series only allows positive values two time series are needed to 1254 
describe the exchange between two areas. The time series per HVDC Pole are : 1255 

• TSO1 -> VSA 1256 

• VSA -> TSO1 1257 

• TSO2 -> VSA 1258 

• VSA -> TSO2 1259 

An HVDC Pole in the market message corresponds to a cim:Line in CGMES and the two 1260 
cim:DCConverterUnit-s, all have the EIC T code of the HVDC Pole. The boundary points also have 1261 
the EIC T code of the HVDC Pole. 1262 

If there is a mismatch between the cim:EquivalentInjection.p active power flow and the schedule 1263 
values for an AC IGM used with a detailed DC IGM, the cim:EquivalentInjection.p values cannot 1264 
be directly updated from the HVDC Pole schedule values as the losses may not be prope rly 1265 
represented. A power flow calculation will compute the HVDC Pole losses by using the loss 1266 
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formula from IEC TS 61970-600:2017 and the loss parameters from the DC IGM. The computed 1267 
losses may differ from the losses used in the HVDC Pole schedules. Hence only the schedule values 1268 
for the sending side shall be used to update the cim:EquivalentInjection.p values at the rectifier 1269 
side. The cim:EquivalentInjection.p values at the inverter side are computed by subtracting the 1270 
computed losses from the schedule values at the sending side. 1271 

10.4 Schedules for HVDC Links embedded in an IGM from the same TSO (internal HVDC) 1272 

TSO internal HVDC Links transfer power within the TSO but may redistribute the power exchange 1273 
over tie lines to other TSOs. In the case the HVDC Link is  close to the border a single or a group 1274 
of tie lines may carry the power transferred by the HVDC Link as showed at the bottom in Figure 1275 
15 and exemplified in section 12.2.4. 1276 

AC IGM 1 DC IGM

DC
bndry

AC IGM 2

cim:Line

AC IGM 1 DC IGM AC IGM 1
AC 

network
connection

cim:Line

AC IGM 2

AC
bndry

TSO 1 TSO 2

TSO 1 TSO 2

DC
bndry

DC
bndry

DC
bndry

cim:Line

cim:Line
…

 1277 

Figure 15 Boundaries for internal and external HVDC Links 1278 

Another example is Krigers Flak shown in Figure 16. 1279 

 1280 

Figure 16 Krigers Flak example 1281 
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When a HVDC Link is “internal” as shown in the lower part of Figure 15 and Figure 16, the goal is 1282 
to control the flow the across the AC boundary points with the HVDC Link. Assuming the “AC IGM 1283 
1 AC network” Figure 15 has one or two AC transmission lines the flow across the AC boundary 1284 
equals the flow into the AC transmission lines from the HVDC Link minus the losses in the AC 1285 
transmission lines. As the flow across the AC boundary points is controlled it is also scheduled. 1286 
The schedule values are transferred to the HVDC link by adding the losses in the AC transmission 1287 
lines which results in a schedule for the HVDC Link. These values are used to set the 1288 
cim:EquivalentInjection injection values in the SSH CIMXML file, which will force the power flow 1289 
across the AC boundary to be close to the original AC boundary schedule.  1290 

In case the remote AC IGM is missing in the CGM there will just be an cim:EquivalentInjection at 1291 
the boundary without a tie line into the remote IGM. When the active power balance is set up 1292 
for this CGM it may result in scaling of the cim:EquivalentInjection values, which is not desired 1293 
as they are held fixed by the HVDC Link. In CGMES v2.4, this is avoided by declaring the TN as a 1294 
HVDC boundary by setting its cim:IdentifiedObject.description to “HVDC”. In CGMES v3, there is 1295 
an attribute BoundaryPoint.isDirectCurrent which clearly identifies that the boundary point is a 1296 
boundary of a HVDC link. 1297 

The situation in Krigers Flak is more complex. The goal is again to keep the flow across the 1298 
“Boundary point” in Figure 16 fixed at scheduled values. In addition to the losses in the AC 1299 
transmission lines there is wind power production coming from the wind parks “Baltic 1” and 1300 
“Baltic 2”. The wind park production is forecasted, and the forecast is added to the transmission 1301 
losses and the schedule at the “Boundary point” which gives the schedule for the HVDC Link, the 1302 
“Back to Back HVDC”.  1303 

Another issue with Krigers Flak is that the schedule is for the sum flow in the two AC transmission 1304 
lines rather than the individual lines (it is only possible to schedule the sum). This  is solved by 1305 
having a single cim:Line instead of having one for each cim:ACLineSegment. The two AC boundary 1306 
points for the two AC transmission lines are then in the single cim:Line as shown in Figure 17.  1307 

AC IGM2

EI2

Boundary point; a pair of cim:Connectivity(CN)/cim:TopologicalNode(TN)
Note that the TNs are declared as HVDC boundary points (IO.description = “HVDC)

AC IGM1

EI1

EI4EI3

cim:Line

 1308 

Figure 17 Krigers Flak AC boundary 1309 

The cim:Line is linked to objects in the schedule messages via the 1310 

entsoe:IdentifiedObject.energyIdentCodeEic attribute. 1311 
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11. Modelling HVDC 1312 

11.1 Modelling assumptions and constraints 1313 

For details on HVDC modelling alternatives, please refer to ENTSO-E Boundary and reference data 1314 
exchange application specification.  1315 

The CIM version 16 (CIM16) and CGMES v2.4 do not have full support for describing HVDC Links. 1316 
The following concepts are not described in CIM16: HVDC Links, HVDC Poles and HVDC Bipoles. 1317 
For this reason, the below described practices are defined.  1318 

• Until the issue related to modelling of boundary point in substation is resolved  the CGM 1319 
BP uses representation in which: 1320 

• An HVDC interconnection has two boundary points contained in a single cim:Line which 1321 
represents the modelling of the HVDC pole. The identification of the HVDC Pole is the EIC 1322 
at the cim:Line; 1323 

• An AC interconnection has a single boundary point contained in a single cim:Line.  1324 

• Therefore, a DC IGM fits with the boundary data set (BDS) as any other IGM so a DC IGM 1325 
can be included in a CGM assembly without adjustments to the AC IGMs it connects to.  1326 

• A DC IGM where both ends are connected to the same AC IGM are internal to the TSO.  1327 

• An internal HVDC link may control the active power flow on an adjacent AC boundary (e.g., 1328 
Krigers Flak). If this is the case the AC boundary points shall be declared as “HVDC” so it 1329 
become included in the DC net position instead of the AC net position. 1330 

• A DC IGM where the two ends are connected to different AC IGMs is an external HVDC 1331 
Link connecting two TSOs. One of the TSOs shall take the role of the ModelingAuthority 1332 
responsible for the HVDC Link and the other will relinquish its ModelingAuthority 1333 
responsibility to the responsible TSO. Both TSOs have a bilateral interest in the HVDC Link 1334 
and are supposed to cooperate in creating the DC IGM despite one of them being assigned 1335 
the modelling responsibility. To support this, a description of the bilateral or shared 1336 
interest is needed in the information model, for more details refer to Annex A.  1337 

• A detailed HVDC model, which by definition models the converters DC equipment, shall 1338 
be exchanged as a separate DC IGM per HVDC Link. Each DC IGM is defined by a separate 1339 
cim:ModelingAuthoritySet (MAS).  1340 

• A DC IGM shall have a cim:ControlArea with an EIC that matches with the Virtual 1341 
Scheduling Area (VSA) representing the HVDC Link losses. Note that this is the su m of the 1342 
losses for the HVDC Poles in the HVDC Link.  1343 

• The assembly of an AC IGM with a DC IGM is called an Assembled Grid Model (AGM) rather 1344 
than a CGM. 1345 

• The cim:ControlArea in a DC IGM shall have the type set to Forecast. This is an 1346 
identification of a VSA and is a temporary solution.  1347 

• An AC IGM may have additional cim:ControlAreas with the type set to Forecast. If this is 1348 
the case the IGM shall not be taken as a DC IGM as the cim:ControlArea of type 1349 
Interchange rules. 1350 

• An HVDC Pole always operate within a power network which means that it is meaningless 1351 
to solve a power flow for a DC IGM alone and it shall always be used in a CGM where it is 1352 
assembled with the AC IGMs. 1353 
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• An HVDC Link can be built as a Current Source Converter (CSC) or a Voltage Source 1354 
Converter (VSC). This is determined by the presence of cim:CsConverter and 1355 
cim:VsConverter instances in the cim:DCConverterUnit.  1356 

• A CSC requires filters for removal of harmonics. If the CSC filters are modelled, they shall 1357 
be included in the AC IGM, not the DC IGM. 1358 

• CIM and HVDC modelling concepts defined in IEC HVDC standards require distinguishing 1359 
between a point of common coupling (PCC) and a PccTerminal. In addition, a boundary 1360 
point may be located in different places depending on HVDC configuration. Therefore, the 1361 
statement that a boundary point is located at PCC is no longer valid. However, it is 1362 
required that the cim:ACDCConverter.PccTerminal is associated (connected) directly with 1363 
the boundary point related to a branch end of an HVDC Pole. In CIM, bran ches are 1364 
represented by a retained cim:Switch (and subclasses), cim:ACLineSegment, 1365 
cim:SeriesCompensator, and cim:PowerTransformer. A convenient way to find the 1366 
boundary point at a converter is to use the cim:ACDCConverter.PccTerminal.  1367 

• Each HVDC Pole has one PccTerminal at each end where the power flow into the AC 1368 
network is monitored. The voltage (potential) measurement is normally located on the AC 1369 
side of the breaker and the current measurement (a current transformer) is located on 1370 
the converter side of the breaker as shown in examples in Figure 20. 1371 

• An HVDC Bipole consists of two HVDC Poles described by a pair of cim:Lines. An HVDC 1372 
Bipole itself is not described by a specific object so there is no association between an 1373 
HVDC Bipole and its HVDC Poles. But the relations between them can be found by 1374 
following other associations, e.g. topology and containment.  1375 

• HVDC Bipole shall be modelled with four boundary points and each of the two HVDC Poles 1376 
are modelled by a cim:Line. Each HVDC Pole in an HVDC Bipole will have its own pair of 1377 
PccTerminals. 1378 

• Control of voltage, reactive or active power flow with tap changers is described by the 1379 
cim:RegulatingControl class. The tap changer at HVDC converter transformers is normally 1380 
controlled by the HVDC control system that in CIM is described by the cim:ACDCConverter 1381 
class and its subclasses. This is implicit modelling of the control which requires that the 1382 
tap changer at converters’ transformers shall not be associated with a 1383 
cim:RegulatingControl to avoid over specifying the control.  1384 

• A 12 pulse CSC shall be represented by a single cim:DCConverterUnit with a single 1385 
cim:CsConverter, see also section 12.1.1 and Figure 24. 1386 

11.2 Containment 1387 

This section describes the containment rules for HVDC equipment. 1388 

• A converter is located in its own cim:Substation. The reasons for this are:  1389 

• Converters are commonly built and organized in a separate converter substation.  1390 

• The boundary model does not support a boundary point within a cim:Substation, the 1391 
boundary point need to be contained in a cim:Line22.  1392 

 

22 ENTSO-E amendments to the boundary and reference data fix the issue with having boundary point in a 

substation. However, there will be a transition period until this is supported by all systems. 
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• A converter substation includes: 1393 

• One or more cim:DCConverterUnit-s and a cim:DCConverterUnit must be contained by a 1394 
cim:Substation. Therefore, requiring association end cim:DCConverterUnit.Substation is 1395 
necessary. 1396 

• A cim:DCConverterUnit can contain any AC objects, common objects are  1397 

• Subclasses of cim:ACDCConverter (cim:CsConverter or cim:VsConverter) that are both a 1398 
AC and DC object. 1399 

• Subclasses of cim:Switch 1400 

• cim:PowerTransformer 1401 

• cim:ConnectivityNode and cim:TopologicalNode 1402 

• Note that:  1403 

• cim:VoltageLevel is not allowed to be contained by a cim:DCConverterUnit. 1404 

• AC objects in a cim:DCConverterUnit shall have a reference to cim:BaseVoltage in the 1405 
boundary.  1406 

• In CGMES v2.4 the attribute ACDCConverter.ratedUdc is assumed to be the same for all 1407 
DC equipment in the cim:DCConverterUnit which means that it is sufficient to locate the 1408 
cim:CsConverter or cim:VsConverter in the cim:DCConverterUnit to obtain the 1409 
information on rated DC voltage. The issue of rate DC voltage for DC equipment is fixed in 1410 
CGMES v3. 1411 

• Active and reactive sources as cim:SynchronousMachine-s, cim:StaticVarCompensator-s, 1412 
shunts and filters shall not be located in the cim:DCConverterUnit , but in a 1413 
cim:VoltageLevel within the AC IGM.  1414 

• In the case filters are included in a fictitious converter substation in the AC IGM they shall 1415 
be in a cim:VoltageLevel as stipulated by existing containment rules.  1416 

• The branches that connect with the boundary follow the containment rules, i.e. 1417 

• A cim:ACLineSegment is contained by the boundary cim:Line.  1418 

• A cim:Switch is contained by a cim:VoltageLevel or a cim:DCConverterUnit.  1419 

• A cim:PowerTransformer is contained by a cim:Substation or a cim:DCConverterUnit.  1420 

11.3 HVDC Link control 1421 

HVDC Link control is divided in levels that are:  1422 

1. HVDC Link control 1423 

2. HVDC Bipole control. The two HVDC Poles in the bipole are coordinated at this level and the active 1424 

power exchange over the two HVDC Poles is controlled. 1425 

3. HVDC Pole control. The target is active power transferred over the pole which is controlled as follows: 1426 

a) The converter with the lowest dc voltage determines the dc Voltage, the converter operates in 1427 

voltage control mode, this is the inverter. 1428 

b) The converter with the highest voltage determines the dc Current according to the formula idc = 1429 

(vdc[r]-vdc[i])/R, see Figure 20. The rectifier operates in current control mode and the inverter in 1430 

voltage control mode.  1431 

4. HVDC Converter unit control. Input is dc Voltage or dc Current target.  1432 
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a) In voltage control mode the dc Voltage is controlled by the tap changer and firing/extinction 1433 

angles. The angle control is fast but has a limited range. Hence the angles are used to track 1434 

changes and when the limit is reached the tap position is changed. The target firing/extinction 1435 

angles and tap position are the output. 1436 

b) In current control mode the dc Current is controlled by setting the dc Voltage at the sending side 1437 

and voltage control is used to accomplish this. 1438 

5. Bridge control, which given the target angle, generates the ignition pulses to the thyristors or IGBTs. 1439 

The upper levels 1 to 3 are the same for CSC and VSC. Figure 18 shows the control levels described 1440 
above. 1441 

Level 1

Level 2

Level 3

Level 4
and
Level 5

 1442 

Figure 18 Hierarchical control structure from IEC 60633 1443 

Level 1 in Figure 18 is the HVDC Link scheduling process that determines the flow for individual 1444 
HVDC Links. For the ID, 1D and 2D processes this data comes from the market, see section 10 1445 
Market schedule interface. 1446 

Level 2 in Figure 18 is the pole split function, see section 10.3, and gives the HVDC Pole active 1447 
power flows. 1448 
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Level 3 in Figure 18 is the individual HVDC Pole control, it takes the active power transfer targets 1449 
from level 2 as input and generates DC voltage and current targets.  1450 

Level 4 in Figure 18 takes the target dc Voltage or dc Current from level 2 as input. For a CSC it 1451 
generates the tap position and firing/extinction angels as output.  1452 

Most power flow calculations only support level 3. Figure 19 show an equivalent model for this. 1453 

~
PCC

p[r]
q[r]

~
PCC

p[i]
q[i]

p[r] = udc[r]*idc
p[i] = -(p[r] – poleLossP)
poleLossP = idleLoss + switchingLoss*|idc| + resitiveLoss* idc2

Rectifier Inverter
idc

udc[r] udc[i]

R

 1454 

Figure 19 Modelling the Converter in power flow 1455 

As input the power flow calculation takes the HVDC Pole active power flow from level 2. For a CSC the 1456 

corresponding reactive power flow is computed. How this is done is outside the scope of this document, 1457 

but it will somehow consider the discussions in sections 12.1 and 13.1. The number of filters used is also 1458 

determined. If the converters are described DC voltages, currents and losses are also computed. For VSC 1459 

the AC voltage, in addition to the active power, is also set as input and the VSC will provide the reactive 1460 

power to keep the voltage.  1461 

11.4 DC Cables  1462 

DC cables are connected to the converters (cim:CsConverter or cim:VsConverter) via DC switch 1463 
gears modelled in CIM by cim:DCDisconnector and cim:DCBreaker. Some DC Substations have DC 1464 
switch gear that allows for connecting the DC cables to different terminals at the converters 1465 
allowing for substantial flexibility in DC cable usage.  1466 

DC network topology can be described at two levels of detail : 1467 

• “Node Breaker” style modelling where all DC switch gear is included in a DC IGM. This requires 1468 
a DC topology processor that computes the resulting “Bus Branch” model.  1469 

• “Bus Branch” style modelling where the connectivity resulting from the DC topology processor 1470 
is described. The connectivity between converter terminals (cim:ACDCConverterDCTerminal) 1471 
and DC cable terminals (cim:DCTerminal) are then described by cim:DCTopologicalNodes.  1472 

DC IGMs may include an HVDC “Node Breaker” model and must include an HVDC “Bus Branch” 1473 
model. All tools must be capable of consuming a DC TP CIMXML file and is not required to read 1474 
the DC Switches and statuses in SSH23. 1475 

 

23 However, note that both CGES v2.4 and CGMES v3 have an issue on exchanging statuses of DC switches. This 

issue is fixed in Network Code profiles. 
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12. Current source based HVDC interconnection 1476 

12.1 CsConverter 1477 

12.1.1 CsConverter modelling 1478 

A current source converter consumes reactive power depending on active power transfer. When 1479 
schedules are used to set up a power flow case only the active power is known so the 1480 
corresponding reactive power consumption must be computed. An approximation is that the 1481 
reactive power consumption is half of the active power transfer (Q=P/2). Figure 25 gives an 1482 
example of the dependency between reactive power consumption and active power transfer . It 1483 
shows that the dependency is nonlinear.  1484 

Converters are commonly operated as monopoles or Bipoles. A monopole typically has a single 1485 
DC cable with ground return, but metallic return is sometimes used. Modern HVDC systems strive 1486 
to keep ground return current low to minimize environmental impact which favours Bipole 1487 
solutions with two DC cables. In a Bipole solution the current is circulating which means Idc1 = -1488 
Idc2 and that the ground return current is low, see Figure 20. 1489 

cim:Line

cim:Line

idc1

idc2

ACDCConverter.PccTerminal

ACDCConverter.PccTerminal

ACDCConverter.PccTerminal

ACDCConverter.PccTerminal

udc1[r]

udc2[r]

udc1[i]

udc2[i]

idcx - dc current flow in pole x
udcx[r]- rectifier dc voltage at pole x
udcx[i] - inverter dc voltage at pole x
Rx - resistance in pole x

- Boundary point, two per HVDC Pole
PCC - The PCCs are in the AC substations and are not shown

R1

R2

ipcc1[r]

ipcc2[r]

upcc1[r]

upcc2[r]

ipcc1[i]

ipcc2[i]

upcc1[i]

upcc2[i]

ipccx[r] – rectifier ac current flow at pcc pole x
ipccx[i] – inverter ac current flow at pcc pole x
upccx[r] – rectifier ac voltage at pcc pole x
upccx[i] – inverter ac voltage at pcc pole x

 1490 

Figure 20 Example HVDC Link Bipole configuration 1491 

In an HVDC Bipole as shown in Figure 20 has two HVDC Poles where one operates at positive 1492 
voltage, the other negative and the midpoint between them is grounded. By keeping the idc1 = -1493 
idc2 the losses can be compensated for by slight difference in the voltages udc1[r] and udc2[r]. 1494 
It is possible to operate the HVDC Poles in a Bipole separately (it happens in fault situations), but 1495 
if ground currents are minimized this means that the HVDC Poles share the transferred power 1496 
equally.  1497 

To minimize losses a CsConverter is typically operated at maximum dc voltage, which reduces the 1498 
dc current and the losses. A CsConverter also has a minimum power transfer capability (the 1499 
attribute cim:ACDCConverter.minP is not available in IEC TS 61970-600:2017 but added in IEC 1500 
61970-600:2021). Below this limit the converter must be blocked, the limit is typically 2-10% of 1501 
the max power capability. 1502 

The loss in an HVDC Pole is described by the formula poleLossP = idleLoss + switchingLoss*|idc| 1503 
+ resitiveLoss* idc2, see also Figure 19. The loss formula is for the converter and excludes the 1504 



  

– Page 61 of 132 –  

European Network of 

Transmission System Operators for 

Electricity 

ENTSO-E CGM BUILDING PROCESS IMPLEMENTATION GUIDE AC and DC PART 

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  
 

converter transformer and phase reactor. The losses in the converter transformer and phase 1505 
reactor are computed with the parameters given for them. 1506 

As discussed in section 11.3 the control functions depend on each other in a hierarchy where the 1507 
firing/extinction angles and tap positions are decided at the lower levels. The firing/extinction 1508 
angles impacts the harmonics generation and reactive power consumption.  1509 

Firing/extinction angles are kept in a small range which means that neither the tap position nor 1510 
the angles are needed in power flow calculations, and it is assumed that the desired dc target 1511 
voltages can be provided by the lower-level control functions without the need-to-know tap 1512 
positions nor the angles. However, the parameters for the lower level controls are optional and 1513 
may be included by an exporting party.  1514 

The parameters for the HVDC control of an HVDC Pole are described in cim:CsConverter (CSC) and 1515 
cim:VsConverter (VSC) classes. Their base class cim:ACDCConverter has a reference, 1516 
cim:ACDCConverter.PccTerminal, the PccTerminal that is a cim:Terminal where the power flow at 1517 
each end of an HVDC Pole is monitored. The example in Figure 20 shows the PccTerminal at the 1518 
cim:Switch cim:Terminal at the boundary point. 1519 

A current source converter bridge consists of six valves, see Figure 21. 1520 

Drawn like 
this

Valve

Converter arm

From IEC 60633

 1521 

Figure 21 Current source converter bridge 1522 

The bridge generates 6 pulses with 60 degrees displacement per AC cycle. The DC voltage 1523 
generated by a 6-pulse bridge has many harmonics and a way to reduce them is to combine two 1524 
6-pulse bridges to generate 12-pulses as shown in Figure 22. 1525 
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From IEC 60633

 1526 

Figure 22 Example converter substation from IEC 60633 1527 

Figure 22 shows two ways to configure the two 6-pulse bridges: 1528 

• 6.1(a) with two separate converter units in series, each with one 6-pulse bridge. 1529 

• 6.1(b) with one converter unit having two 6-pulse bridges in series. 1530 

The lower transformer in 6.1(a) and 6.1(b) has a 30 degrees angle displacement relative to the 1531 
upper one which results in 12 pulses per AC cycle making the DC voltage smoother and lower the 1532 
cost for harmonics filtering. Figure 22 shows two two-winding transformers but more common is 1533 
one three winding transformer. How a monopole with a 6-pulse bridge and ground return can be 1534 
described with CIM objects is shown in upper part of Figure 23.  1535 

Figure 23 shows how a 12-pulse monopole can be built with two 6 pulse bridges in two 1536 
cim:CsConverter objects. 1537 
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cim:Terminal
cim:ACDCConverterDCTerminal

DCConverterUnitDCConverterUnit
CsConverter CsConverter

DCConverterUnitDCConverterUnit
CsConverter CsConverter

 1538 

Figure 23 Example a 12-pulse monopole built with two cim:CsConverters which is not allowed 1539 

The configuration in Figure 23 corresponds to case 6.1(a) in Figure 22 and needs two 1540 
cim:CsConverter objects. As the control parameters are also described in the class 1541 
cim:CsConverter this duplicates the number of control parameters. As the bridges are in series 1542 
they cannot operate independently so one of the cim:CsConverter control variable sets is 1543 
superfluous and cannot be used. Therefore, such configuration is not supported by the data 1544 
exchange. 1545 

Another way to describe a 12-pulse monopole with CIM objects is to use a single cim:CsConverter 1546 
as shown in Figure 24. 1547 

DCConverterUnitDCConverterUnit

The attribute cim:ACDCConverter.numberOfValves has the value 12

CsConverter CsConverter

cim:Terminal
cim:ACDCConverterDCTerminal

 1548 

Figure 24 Example of a 12-pulse monopole built with one cim:CsConverter 1549 

The configuration in Figure 24 corresponds to case 6.1(b) in Figure 22 and has a single set of 1550 
control parameters. This is the only configuration allowed for representing a 12-pulse converter 1551 
described by CIM objects. 1552 

Limitations outlined here are due to the cim:ACDCConverter class and its subclasses 1553 
cim:CsConverter and cim:VsConverter describe the control function as well as the electrical 1554 
connections with the bridges as shown by the yellow and red dots in Figure 23 and Figure 24.  1555 
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12.1.2 Location of control objects 1556 

Filters may by design be located either in the AC substation (modern HVDC designs), shown in 1557 
Figure 34, or in the DC Substation (older HVDC designs), shown in Figure 35. As discussed in 1558 
section 12.1 the filters shall be in the AC IGM while the converters shall be in the DC IGM.  As a 1559 
consequence the voltage control object, e.g. cim:RegulatingControl, and the converter wil l be in 1560 
different IGMs (Figure 33). If parameters from the converter are needed by a control function a 1561 
path between the control object and the converter is needed. A direct reference between the 1562 
control objects in different IGMs, e.g., the AC and DC IGMs, is not allowed to avoid dependencies 1563 
between IGMs of different MAS. 1564 

For the CSC filter control this is solved by having it described by remedial actions that avoids the 1565 
need for a filter control object. When filter control objects are added in later versions of CIM, 1566 
they will reside with the filters in the AC IGM. This is possible because the active power flow from 1567 
the HVDC Pole is used to determine the number of needed filters. 1568 

12.1.3 DC voltage and transformer control 1569 

The control of the converter transformer’s tap changer is related to the firing and extinction 1570 
angles of the converter. As these angles reach their limits (small range around 15 degrees) the 1571 
tap is adjusted, which brings the angles back into the middle of their ranges, see Figure 25.  1572 

 1573 

Figure 25 Reactive power consumption as function of transferred DC power 1574 

Figure 25 [10] shows an example how reactive power consumption by a CSC varies with active 1575 
power transfer and firing angle. Due to its special function, the tap changer control of the 1576 
converter transformer is fundamentally different from the voltage control function de scribed by 1577 
cim:RegulatingControl. 1578 

For power flow calculation this level of detail is not used and the discussion in this section does 1579 
not need to be considered for power flow calculation, but for dynamics studies the tap position 1580 
and angles are needed. 1581 

The power transformer and the tap changer in a cim:DCConverterUnit has no association with 1582 
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the converter that control the tap changer. To resemble how all other controls in CIM are related 1583 
with their controlled object an association that links the tap changer , and the CSC is needed but 1584 
this requires CIM/CGMES changes which is not possible in CGMES v2.4. Tap changer and angle 1585 
control are not included, e.g., in the power flow calculations, this missing association cause no 1586 
harm. 1587 

12.1.4 HVDC harmonics filtering, reactive compensation, and voltage control 1588 

Harmonics appear at specific multiples of the base frequency, e.g., 11, 13, 21, 23, etc. The current 1589 
caused by the harmonics at the multiples depend on active power transfer. The higher harmonics 1590 
disturbance the more filters are needed. The filters also provide reactive power that compensate 1591 
the reactive power consumption by the converter. Filters can be designed to r emove all 1592 
harmonics or be dedicated to specific harmonics multiples. Filter design also impacts the amount 1593 
of reactive power generated. This must be considered in contingency studies so the power flow 1594 
calculation can respond to contingencies by proper use of filters and shunts, i.e.  1595 

• At the level of harmonics disturbance (a function of the transferred active power) 1596 
determine which filters to use. The remaining filters are available for voltage control.  1597 

• Use the filters not used for harmonics filtering or other available reactive power sources 1598 
to maintain the voltage.  1599 

According to section 11.2 the detailed model of the converters is in their own substation that is 1600 
connected to the AC substation. With the filters in a 1601 

• Converter substation, the converter substation shall be split as described in section 1602 
12.2.3, see example in Figure 36. 1603 

• AC substation no action is needed as the filters are already in an AC Substation, see 1604 
example in Figure 34. 1605 

The filters used for harmonics are determined based on the active power flow.  Depending on 1606 
filter design they will also compensate the converter reactive power consumption. The converter 1607 
design determines at what multiples harmonics appear. 1608 

 1609 

Figure 26 Example filter configuration from Three Gorges China 1610 

Figure 26 shows a 12-pulse converter Bipole example that can be flexibly connected to the filters 1611 
and shunts via a bus bar system at each side. The very left and right columns show the reactive 1612 
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power generated by a filter when connected and next column to the middl e show the harmonics 1613 
multiples taken care of by the filter, e.g., HP11/13 take care of the multiples 11 th and 13th. There 1614 
are several filters tuned for the same harmonics that are connected based on need. The reason 1615 
why the substation is built with this configuration options is to support fast recovery from 1616 
component failures. Normally all equipment needed is connected and the substation is not split 1617 
into two buses operated separately, but in a contingency the substations may be split.  1618 

 1619 

Figure 27 Example of 11th and 13th harmonics multiples as function of active power transfer 1620 

Figure 27 shows how the harmonics current increase with increased active power transfer and 1621 
that the dependency is nonlinear, other examples show that the curves may have quite different 1622 
shapes. As the harmonics depends on active power transfer the filter control function takes the 1623 
active power transfer as input it gives the needed filters as output. With this function it is possible 1624 
to simulate active power flow changes, e.g., due to remedial actions or contingencies.  1625 

The thresholds for connection or disconnecting filters are set by a quality index for acceptable 1626 
level of harmonics currents. The harmonics generation, filter design and control of the filters is 1627 
highly dependent on the installation, and it is difficult to come up with a general analytical 1628 
expression for control of the filters. A commonly used solution is instea d to describe the filter 1629 
control by a table where the activation and deactivation of filters is a function of active power 1630 
transfer. To implement this in CIM will need new CIM classes that describe tabular functions. The 1631 
filter control function will also need new CIM classes that manage connection and disconnection 1632 
of filters using the result from the look up in the tabular function. Figure 28 shows an example a 1633 
tabular filter control function. 1634 
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 1635 

Figure 28 Example filter control function 1636 

To avoid extensive switching of the filters, hysteresis is needed so that the switch off threshold 1637 
is lower than the switch on threshold. The red arrows in Figure 28 show the switch off thresholds 1638 
and the green the switch on thresholds. 1639 

It is not possible to extend CGMES v2.4 with new data for filter control. A work around for 1640 
remedial actions is to include the behaviour of the filters in the remedial action itself which is 1641 
the solution used. Remedial actions are described in the CSA specification and for this reason 1642 
remedial actions are not described here. 1643 

12.2 CSC Modelling Use Cases 1644 

12.2.1 Example CsConverter monopole case with shunts in AC Substation 1645 

This section gives an example of a monopolar HVDC Link including HVDC with a CGM including 1646 
the AC IGMs at each side of the DC IGM. 1647 

 1648 

Substation1

VoltageLevel1

Substation2

VoltageLevel2

cim:Line

Fictitious
ACLS1

Fictitious
ACLS2

AC IGM1 AC IGM2

Boundary
Boundary

objects dashed

EI1 EI2

 1649 

Figure 29 Example of simplified HVDC boundary using injections 1650 
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Figure 29 shows two AC IGMs connecting to the boundary points at each side of the cim:Line. IEC 1651 
61970-301:2020  figure 38 is like Figure 29 and provides the same information. In the example 1652 
each AC IGM has a fictious cim:ACLineSegment (ACLS1 and ACLS2) connecting to the boundary 1653 
point and one cim:EquivalentInjection (EI1 and EI2) representing the power flow into t he HVDC 1654 
Pole. ACLS1 and ACLS2 are fictious and introduced to have the required branch connecting to the 1655 
boundary point. 1656 

If there is a cable between the AC substation and the converter the cim:ACLineSegment is not 1657 
fictitious but real. A fictitious cim:ACLineSegment shall have a small series reactance greater than 1658 
zero compliant with the QoCDC rule ACLineSegmentX. 1659 

If a real breaker or disconnector connects to the boundary it should be used instead of the 1660 
fictitious cim:ACLineSegment. The reason that CIM models shall, if possible, stay as close as 1661 
possible to how the power system is built rather than rely on fictitious models.  1662 

Substation1

VoltageLevel1

Substation2

VoltageLevel2

cim:Line

Fictitious
Switch1

Fictitious
Switch2

AC IGM1 AC IGM2

Boundary
Boundary

objects dashed

EI1 EI2

 1663 

Figure 30 Example of simplified HVDC boundary using injections and fictitious Switches 1664 

If ACLS1 and ACLS2 in Figure 29 are replaced by fictious (or real) cim:Switch-es the diagram will 1665 
instead look as shown in Figure 30. 1666 

The active power flow at the two sides shall have different signs and differ no more than the 1667 
losses in the HVDC Pole. For validation purposes the losses can be assumed to be less than x% of 1668 
the power flow where the x value will be determined in a revised version of QoCDC. A voltage 1669 
source converter may not transfer any active power. In this case both sides will consume active 1670 
power due to the losses which means they both acts as rectifiers.  1671 

An example of a detailed DC IGM, a monopole HVDC link with one HVDC Pole and ground return 1672 
is shown in Figure 31. It shows how the converters (cim:CsConverter or cim:VsConverter), at the 1673 
two sides of the HVDC Pole are connected via a disconnector to the AC system. The cim:Line with 1674 
the boundary points is in the dashed box in the background. The cim:ACDCConv erter.PccTerminal 1675 
shall refer to the PccTerminal at the boundary side of the disconnector. As a branch is anyway 1676 
needed to connect with the boundary point it is advised to include any existing cim:Switch in the 1677 
model, otherwise a fictitious branch, e.g. a cim:SeriesCompensator or retained cim:Switch is 1678 
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required. The cim:EquivalentInjection-s EI1 and EI2 represent the power flow into the AC systems 1679 
and as the PccTerminal is also located at the boundary point it is easy to find the scheduled active 1680 
power in cim:EquivalentInjection-s (the cim:EquivalentInjection.p attribute). 1681 
cim:EquivalentInjection is contained in the cim:Line.  1682 

Converter 
substation1

Converter 
substation2

cim:Line

DCConverterUnit2DCConverterUnit1

CNV2CNV1

EI1 EI2

PccTerminal PccTerminal

 1683 

Figure 31 Example of a detailed monopole DC IGM 1684 

The EI active power injection values shall have opposite signs and differ no more than the losses 1685 
in the HVDC Pole. A voltage source converter may not transfer any active power and if so, both 1686 
sides of the HVDC Pole will consume active power due to the losses. A back to back system has  1687 
the same interface with the AC system as shown in Figure 31 with the exception that the HVDC 1688 
cable between the converters are excluded and the converters are directly connected, an 1689 
example figure for this case is not included in this document.  1690 

An example case with a detailed DC IGM assembled with one AC IGM is shown in Figure 32. The 1691 
use case in this figure is useful when the detailed voltage control of the remote end (at the right 1692 
side) is of no interest. It is then sufficient to assume that the active and reactive p ower exchange 1693 
with the remote AC IGM is described by the cim:EquivalentInjection, EI2 in Figure 32, and the 1694 
remote AC IGM is not needed. 1695 
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 1696 

Figure 32 Example with assembly of one AC and one DC IGM 1697 

Figure 32 shows how one AC IGM1 connects with a DC IGM. The left side of the boundary has two 1698 
cim:EquivalentInjection-s EI1 and EI3 that shall be equal with opposite signs (EI1.p + EI3.p = 0). If 1699 
they are different this means an imbalance between the solutions for the AC IGM and the DC IGM 1700 
which needs correction. The active power injection values are originally from market or TSO 1701 
schedules and if they differ the schedules may not have been aligned as described in the CGMA 1702 
document [10]. The right side has a cim:EquivalentInjection EI2 that represents the power flow 1703 
into the absent AC IGM. The converter control variables in the SSH CIMXML file shall agree with 1704 
the injection values at EI3/EI1 and with EI2 including the losses.  1705 

The last example is the case where a DC IGM is connected at both sides as shown in Figure 33.  1706 
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CNV1CNV1
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 1707 

Figure 33 DC IGM connected at both sides 1708 

In Figure 33 the power flow through the DC link is determined by the control variable specified 1709 
in the SSH CIMXML file for the converters as well as the initial EI injection values from the IGMs. 1710 
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If they are different this means an imbalance between the solutions for the AC IGMs and the DC 1711 
IGM which needs correction. After solving power flow for the CGM or AGM the injections EI1, 1712 
EI2, EI3, EI4 and converter control variables are updated with the result and shall agree with each 1713 
other. A new SSH file for each IGM is created replacing the original.  1714 

Note that converter substations in Figure 32 and Figure 33 do not have a cim:VoltageLevel and 1715 
that the shunts are located in a cim:VoltageLevel within the AC substation according to modern 1716 
converter substation designs. This means that AC equipment within a cim:DCConverterUnit (e.g. 1717 
the cim:Disconnector and the two cim:PowerTransformers in the figures) need a reference to a 1718 
cim:BaseVoltage, which is preferably defined in the equipment boundary file. Older converter 1719 
substation designs may have the shunts in the converter substation, this case is further discussed 1720 
below. 1721 

12.2.2 Example CsConverter bipole case with shunts in AC Substation 1722 

This section gives an example of an HVDC Bipole showing the AGM in Figure 34. 1723 

Figure 34 shows how the two HVDC Poles in the HVDC Link are connected in the AC Substations, 1724 
a common way to build modern HVDC Links. Forcing a single boundary point for the Bipole is not 1725 
possible due to the substation design (an HVDC Bipole shall not have a single boundary point 1726 
anyway). Instead, two boundary points per side and HVDC Pole is needed.  1727 
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VoltageLevel

AC Substation2

VoltageLevel

cim:Line

cim:Line

Converter 
substation1

Converter 
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DCConverterUnit2ADCConverterUnit1A
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AC IGM 1 Boundary DC IGM Boundary AC IGM 2

PccTerminal PccTerminal

DCConverterUnit1B

CNV2

PccTerminal

DCConverterUnit2B

CNV2

PccTerminal

 1728 

Figure 34 Bipole from example in Figure 20 with added boundary 1729 

Figure 34 shows how the two HVDC Poles are connected to the AC Substations with their 1730 
boundary points and the filters located at two different bus bars in the AC substation. The 1731 
PccTerminal-s are located at the cim:Terminal at the boundary point side of the cim:Switch for 1732 
each HVDC Pole. There are HVDC Links where the substations in the AC IGMs are split in two, e.g., 1733 
Fenno-Skan 1&2.  1734 

IEC 61970-301:2020 has a figure 38 showing the case where the HVDC Bipole has a common 1735 
boundary for the two HVDC Poles, this is not correct. The two boundary points at each of the 1736 
HVDC Pole has its own cim:Line, which means there is a one to one correspondence with an HVDC 1737 
Pole and a cim:Line. It is impossible to have a common boundary point for the two HVDC Poles as 1738 
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they are separately connected via separate bays to the bus bars in the AC Substation.  1739 

This configuration also has the advantage that the shunts and filters are available without the DC 1740 
IGM and can be used for realistic voltage control.  1741 

12.2.3  Example CsConverter bipole with filters in DC Substation 1742 

An example of an HVDC Link with two bipoles connected to the AC substation with two separate 1743 
cables is shown in Figure 35, only one half of the HVDC Poles are shown. 1744 

Converter Substation AC Substation

VoltageLevel

VoltageLevel

DCConverterUnit

12 p CSC

DCConverterUnit

12p CSC

HVDC Pole 1

HVDC Pole 2

Cable

Cable

 1745 

Figure 35 Example Bipole with shunts in DC substation 1746 

Figure 35 shows the HVDC Link with shunts and filters in the converter substation which may be 1747 
the case for older HVDC Links. The HVDC Poles are 12 pulse converters , which means they have 1748 
two AC connections, see also section 12.1.1. There are two possible boundary locations in Figure 1749 
35. 1750 

• Between the cim:VoltageLevel in the converter substation and the cim:DCConverterUnit. 1751 
In this case the boundary is located at the converters in the HVDC Poles.  1752 

• Between the AC substation and the converter substation. If the HVDC Poles in a bipole 1753 
has a common connection with the AC Substation this location cannot be used as a 1754 
boundary, but this is not the case in Figure 35 so this location is possible. But the location 1755 
is less desirable as voltage control behaviour is inaccurately modelled.  1756 

In the first case the converter substation must be split into one fictitious substation with the 1757 
filters and the converter substation with the remaining cim:DCConverterUnit-s as shown in Figure 1758 
36.  1759 
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 1760 

Figure 36 Bipole from example in Figure 35 with boundary between shunts and converter 1761 

Figure 36 shows how the two HVDC Poles in each bipole are connected to the fictitious AC 1762 
Substation with their boundary points between the filters and the converters. The PccTerminal1 1763 
and PccTerminal2 shall refer to the cim:Terminal at the boundary side of the cim:Switch. The 1764 
filters will be at the AC side and connected via the boundary with the converter which enables 1765 
voltage control using the filters without the DC IGM.  1766 

The fictitious substation is needed because the boundary model in IEC TS 61970-600:2017 [1] 1767 
allow a boundary only within a cim:Line. Note that the fictitious substation needs its own mRID, 1768 
the mRID from the original substation cannot be reused.  1769 

For each pole of a bipole, the boundary contain two cim:Line-s (or HVDC Poles) with a pair of 1770 
boundary points each. 1771 

The case with the boundary between the AC and DC substations is shown in Figure 37. 1772 
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 1773 

Figure 37 Not allowed HVDC Bipole boundary from example in Figure 35 1774 

Figure 37 shows the boundary at the cables between the Converter Substation and the AC 1775 
Substation which avoids creating the fictious substation in Figure 36. The active power flows in 1776 
PccTerminal1 and PccTerminal2 are the same as at the boundary points, but an issue with this 1777 
use cases is that the PccTerminal-s from the CSC (cim:ACDCConverter.PccTerminal) must be 1778 
associated with the correct boundary cim:EquivalentInjection. In Figure 37 this means linking 1779 
PccTerminal1 with EI1 and PccTerminal2 with EI2, which needs a topology search starting from 1780 
the PccTerminal-s, get the TN at the cim:Breaker (TN1 or TN2 in Figure 37), move across the 1781 
boundary branch to the boundary point and then to the cim:EquivalentInjection (EI1 and EI2 in 1782 
Figure 37). This topology search is much simpler when boundary is between the VoltageLevel and 1783 
the DCConverterUnit-s as shown in Figure 36. 1784 

Another issue with this boundary configuration the voltage control behaves differently with and 1785 
without the DC IGM. Without the DC IGM the cim:EquivalentInjection-s in the AC Substation (EI3 1786 
and EI4 in Figure 37) will simulate the voltage control behaviour and with the DC IGM the filters 1787 
are used instead which is more accurate. With the use case shown in Figure 36 voltage control 1788 
behaves the same with or without the DC IGM as the filter control functionality is the same with 1789 
or without DC IGM.  1790 

The use case in Figure 37 is not allowed due to the above-described issues. 1791 

If the two boundary points in Figure 37 are replaced with a single boundary point at points “A” 1792 
in “Figure 2 Definitions as defined in IEC 60633”in [12], the active power flow in the HVDC Bipole 1793 
is the sum of the flow in the two individual HVDC Poles which means that the cim:Line represents 1794 
the HVDC Link rather than each HVDC Pole which is not allowed.  1795 
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Figure 38 shows Figure 37 where the boundary points has been replaced by a single boundary 1796 
point like the PCC point “A” in “Figure 2 Definitions as defined in IEC 60633”in. 1797 

Line
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DCConverterUnit
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DCConverterUnit
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AC IGM1 Boundary DC IGM
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PccTerminal1

PccTerminal2

 1798 

Figure 38 Not allowed HVDC Bipole boundary from example in Figure 35 1799 

Having a boundary configuration as in Figure 38 is not allowed as the two HVDC Pole flows at the 1800 
two PccTerminal-s are not available for assignment of scheduled active power.  1801 

12.2.4 Example CsConverter bipole with AC interface 1802 

For an internal HVDC Link the active power transfer cannot be related to any specific nodes in 1803 
the AC boundary without solving power flow. Power flow solve the total exchange between 1804 
cim:ControlArea-s and an internal HVDC Links will impact at which AC boundary points and tie 1805 
lines the power is exchanged. 1806 

Figure 39 shows the special case where the AC boundary is at two cim:ACLineSegment -s 1807 
connecting to the AC part of an HVDC Link. 1808 
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 1809 

Figure 39 Example bipole with AC boundary at AC Line 1810 

Figure 39 shows a detailed DC IGM embedded in an AC IGM 1. The network between AC IGM 1 1811 
and AC IGM 2 is two cim:ACLineSegment-s shown to the right in Figure 39. The thick lines labelled 1812 
“Fict. ACLS” are fictitious cim:ACLineSegment-s and the ones labelled “Real ACLS” are the real 1813 
cim:ACLineSegment-s. The schedules for the HVDC Poles could be mapped to the AC boundary 1814 
points Tie1 and Tie2 in Figure 39, but it is not always possible to easily compute the exchange at 1815 
the tie points Tie1 and Tie2. The solution is to assign the schedule values to the internal HVDC 1816 
boundary (at the converter substations) possibly by compensation for the losses in the 1817 
cim:ACLineSegment-s and have the power flow solving the exchange over the AC boundary while 1818 
keeping the net interchanges between the two cim:ControlArea-s. 1819 

13. Voltage source based HVDC interconnection 1820 

13.1 VsConverter 1821 

13.1.1 VsConverter modelling 1822 

This VsConverter modelling use cases are very similar to the diagrams in section 12.2 with the 1823 
difference that the filters are not needed as the harmonics generation for VsConverter -s are much 1824 
smaller than for CsConverter-s. 1825 

The voltage source converters differ from the current source converters in that both active and 1826 
reactive power transfer can be controlled independently. The active and reactive power must 1827 
stay inside a reactive capability curve not to overload the converter. An example reactive 1828 
capability curve is shown in Figure 40. 1829 
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 1830 

Figure 40 Example reactive capability curve for a VSC 1831 

Within the curve, the operation is continuous so no minimum active power limit around zero power is 1832 

needed as for the CsConverter. 1833 

The basic components of a voltage source converter are showed in Figure 41. 1834 

 1835 

Figure 41 Voltage source converter  1836 

Voltage source converters are built with multiple Insulated-Gate Bipolar Transistor (IGBT) that 1837 
are organized in multiple levels. Each IGBT can be turned off and on which means that they do 1838 
not depend on the AC voltage for commutation. In modern voltage source converters, the IGBTs 1839 
are turned on and off at high frequency called pulse width modulation (PWM). PWM together 1840 
with multiple switching modules (SMs) in series creates an almost harmonics free AC current 1841 
which result in inexpensive filter solutions.  1842 

The active power flow in the converter can be described by the angle between the voltages Uv 1843 
and Uc while the reactive power flow can be described by the magnitude difference between Uv 1844 
and Uc, the formulas are: 1845 
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• P = Udc*Idc = Uv*Uc*sin(δ)/Xc 1846 

• Q = Uv*(Uv-Uc*cos(δ))/Xc 1847 

The variables in the formulas are shown in Figure 41. Additionally, δ is the angle between Uv and 1848 
Uc. Xc is the Phase reactor reactance, see also IEC 61970-301:2020 for details. 1849 

13.1.2 VsConverter control 1850 

The PWM pulses are generated according to a hierarchical scheme like the CsConverter. The 1851 
levels for the VsConverter starting at level 3 in Figure 18 are: 1852 

• Converter control 1853 

• One side of the converter control the active power with the cim:VsConverter.targetPpcc 1854 
as input and its own reactive power using cim:VsConverter.targetUpcc for voltage control 1855 
or cim:VsConverter.targetQpcc for reactive flow control at the PCC.  1856 

• The other side control its dc side voltage with the cim:VsConverter.targetUdc and its own 1857 
reactive power using cim:VsConverter.targetUpcc for voltage control or 1858 
cim:VsConverter.targetQpcc for reactive flow control at the PCC.  1859 

• Switching Module control generates the PWM pulses with inputs from the converter level 1860 
control. The details for this are out of the scope for this document.  1861 

In the same way as for a synchronous machine it can be assumed that that active and reactive 1862 
power can be controlled independently. As there is no need to consider harmonics nor reactive 1863 
power compensation similar power flow modelling as for a synchronous machine can be used.  1864 

The active power can be managed in several ways: 1865 

• Scheduled power where the active power injections are fixed according to a schedule. As 1866 
the HVDC Link does not participate in load frequency control the link does not participate 1867 
in keeping the frequency stable.  1868 

• Variable impedance where the transferred active power corresponds to the angle 1869 
difference across the HVDC Link. The HVDC Link exhibits a series impedance and transfer 1870 
power as a normal cim:ACLineSegment with the difference that the impedance value can 1871 
be varied. The current CIM does not support this case and it is not in scope of this 1872 
document but a note to support it in future versions of CIM has been added in Annex B. 1873 

• Frequency control in an isolated area connected via an HVDC Link to a main network.  1874 

The same equations as showed in Figure 19 apply. The power flow model is the same as in section 1875 
11.3. Note that all controls relate to PccTerminal and remote control is not possible.  1876 

The reactive power injected by a synchronous machine is a step function where the reactive 1877 
power injection is a function of the voltage, see Figure 42. 1878 
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 1879 

Figure 42 Typical Synchronous Machine Voltage control in power flow 1880 

The Qmax and Qmin limits are either from the two fixed limits or from the reactive capability 1881 
curve. The reactive power injection is solved by the power flow and stays at the vertical line in 1882 
Figure 42. If a limit is reached the power flow bus is changed to PQ type and the voltage is 1883 
computed instead. In case multiple machines are controlling the voltage in parallel the reactive 1884 
net injection is divided on the machine according to some ad hoc method, e.g., by sharing 1885 
according to the reactive range. 1886 

A more accurate model is to describe the response to a voltage change  with a droop curve, see 1887 
Figure 43. 1888 

Q

U

Qmax

Qmin

targetU

 1889 

Figure 43 Voltage control droop curve 1890 

As the voltage change, see example dashed line in Figure 43, the contributed reactive power will 1891 
change accordingly. The droop curve describes the real converter response to voltage changes 1892 
and is typically 2-4 percent.  1893 

The attribute VsConverter.qShare describes the sharing between parallel converters and is not a 1894 
droop coefficient which makes it difficult to combine reactive contributions from other reactive 1895 
sources, e.g., shunts, synchronous machines and static var compensators (SVC), which has droop 1896 
control of the voltage. 1897 

The different ways to share reactive power supply between to control voltage different 1898 
equipment need to be discussed in CIM. Best would be if the contribution is described by droop 1899 
curves. 1900 
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13.1.3 VSC Modelling Use Case 1901 

VSCs does not exist in the many different configurations as SCSs does. Figure 44 shows the single 1902 
use case. 1903 
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 1904 

Figure 44 VSC Modelling Use Case 1905 

A VSC does not have switchable filters in the AC substation as the VSC provides the reactive power needed 1906 

to keep the voltage in the AC busbars. The VSC filters are used to remove harmonics which is independent 1907 

of both active power flow and voltage control. Figure 44 shows the filters located between the converter 1908 

transformer and the converter (CNV1). It has a single filter, but there may be multiple for different 1909 

harmonics frequencies, a series filter reactor may also be present. 1910 

14. Network data 1911 

14.1 UML model 1912 

Information modelling in UML can be done in many ways. One way is to be strict on cardinalities 1913 
which tend to create a more complex UML or use open cardinalities, e.g. [0..*], that allows for a 1914 
simpler UML. Downside with the latter is that strictness needs to be added later as done with the 1915 
rules in QoCDC. The complexity avoided with the simplified UML then comes back in the form of 1916 
way more complex rules at worst described in English text or better described in a formal 1917 
language as Object Constraint Language (OCL) or SHACL. 1918 

The reasons for the many rules needed are the oversimplified UML modelling and the objective 1919 
to cover multiple business processes with limited number of standards . 1920 

For the canonical CIM, IEC 61970-301:2016, the modellers made the choice of a single and deep 1921 
inheritance hierarchy. For equipment see example in Figure 45. 1922 

A deep inheritance structure as in Figure 45 has the benefit of non or only little redundancy, i.e., 1923 
data is only described once. An example is the cim:Equipment-cim:EquipmentContainer 1924 
association shown in Figure 46. 1925 

The association in Figure 46 is inherited by all subtypes of cim:Equipment (see Figure 45) and 1926 
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cim:EquipmentContainer (cim:Substation, cim:Line, cim:VoltageLevel , etc.). This allows to put 1927 
any of the cim:Equipment subtypes in any of the cim:EquipmentContainer subtypes where many 1928 
combinations do not make sense, e.g. cim:SynchronousMachine in cim:Line, cim:ACLineSegment 1929 
in cim:Substation, etc. There are numerous examples of this in canonical CIM, another is the 1930 
cim:Terminal-cim:ConductingEquipment association. 1931 

Another common issue with the canonical CIM is when combinations of attribute values do not 1932 
match with the class: 1933 

• Some cim:RegulatingControl.mode attribute values do not make sense for some of the 1934 
subclasses of cim:RegulatingControl, e.g. the activePower control mode is only relevant 1935 
for phase tap changer transformers. 1936 

• For the ENTSO-E extension entsoe:OperationalLimitType.limitType (CGMES v2.4) only a 1937 
few of the combinations of the limitType values and cim:OperatinalLimit subtypes make 1938 
sense, e.g. the PATL type is only relevant for branch flows. 1939 

• A cim:Switch has two cim:Terminal-s. The attributes cim:Switch.open and 1940 
cim:ACDCTerminal.connected describe the connectivity status which means there are 1941 
three ways to interrupt power flow through a switch by using of the open f lag or one of 1942 
the two connected flags. 1943 

There are many more examples of this issue. 1944 

Yet another issue is when a class is overused to describe unrelated usages, e.g. use of 1945 
cim:EquivalentInjection (EI) to represent a reduced injection, a boundary injection or an HVDC 1946 
link. The three cases need to be distinguished from each other and this is done as follows:  1947 

• Reduced injection; no specific indication and original use case.  1948 

• The flag TN.boundaryPoint24 where the EI is connected tells the EI represents a boundary 1949 
injection. 1950 

• The text “HVDC” at the TN where the EI is connected tells that the EI represents a HVDC 1951 
link. 1952 

 1953 

 

24  In CGMES v3 this is achieved by the usage of BoundaryPoint class and related attributes. There is no more the 

need of text “HVDC”, which is CGM BP specific implementation of CGMES v2.4. 
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 1954 

Figure 45 Canonical CIM equipment inheritance hierarchy 1955 
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 1956 

Figure 46 The Equipment-EquipmentContainer association 1957 

A better information model would have been to use a dedicated class for each case.  When this 1958 
happens, it is an indication that new and more specific classes are need.  1959 

It is possible to create UML models without the above issues but with the consequence of more 1960 
complex UML models and potentially breaking changes. 1961 

A way to restrict a too open UML model is to constraint the modelling within the profiles and use 1962 
rules described in the Object Constraint Language (OCL) that works together with the UML 1963 
information model. This increases the complexity of the information model and if CIM was to be 1964 
refactored in the future the trade-off between a more restrictive class model in UML or use of 1965 
OCL rules could be investigated. 1966 

The least intrusive way to restrict the current CIM information model is to use OCL rules , which 1967 
is extensively used CGMES v2.4. The restrictions are described in the QoCDC. SHACL (W3C Shape 1968 
constraint language) is another way of defining constrains which was chosen for CGMES v3 1969 
profiles. 1970 

14.2 Rules 1971 

Rules that describe the quality of network data can be divided in groups describing increasingly 1972 
complex relations in data: 1973 

A. Most basic are schema rules defined by the profiles derived from canonical CIM UML. The profiles are 1974 

formally expressed in an XML format described in IEC 61970-501:2006. 1975 

B. Restrictions of values that cannot be described in UML, e.g., relations as x<y and string lengths. 1976 

C. Additional restrictions on too open role cardinalities, e.g. switches shall have exactly two 1977 

cim:Terminal-s. 1978 

D. Additional restrictions on combinations of data where role references are followed to collect and 1979 

cross check data from different classes. Several of these restrictions are defined in IEC TS 61970-600-1980 

1/2:2017, but many new restrictions have been added based on experiences from interoperability 1981 

tests. 1982 

IEC 61970-501:2006 is XML format based on the RDFS specification: 1983 

• www.w3.org/TR/1999/PR-rdf-schema-19990303 1984 

The specification is outdated and since 1999 both the OWL specification and the RDFS 1.1 1985 
specification from 2014 has been created. The custom IEC 61970-501:2006 extensions are now 1986 
covered by the latest OWL and RDFS specifications and IEC 61970-501:2006 needs to be revised. 1987 
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Validation according to QoCDC is done in the two steps “CIMXML file validation” and “Model 1988 
validation” shown in Figure 3. 1989 

“CIMXML file validation” is done within the scope of the CIMXML file and includes : 1990 

• Level 2 profile schema validation according to group A above. This means checking that 1991 
class, attribute and role names in XML elements match the profile schema and that 1992 
cardinalities are respected. 1993 

• Level 3 additional validation according to groups B, C and D. Groups C and D use local 1994 
associations within a CIMXML file. 1995 

“Model validation” is done for an assembled model and includes level 5 and up in Figure 3. The 1996 
rules have a scope according to groups C and D above. Groups C and D use data not possible to 1997 
check within a single CIMXML document.  1998 

14.3 Containment 1999 

The physical equipment in a power network is organised in a structure starting with geographical 2000 
regions having substations having bus bar systems having equipment and so on. IEC TS 61970-2001 
600-1/2:2017 enforces a containment structure suiting transmission network. The reasons for IEC 2002 
TS 61970-600-1/2:2017 doing this are: 2003 

• It keeps fidelity with how transmission networks are built.  2004 

• It enables recognition of objects across different types of models. In a bus -branch model 2005 
that do not include substations, the bus names may imply the substation, which makes 2006 
mapping between simplified and detailed models difficult.  2007 

• Tools commonly rely on the containment structure for model navigation.  2008 

The substation is an important concept that describe equipment located in fenced area of limited 2009 
size. Substations are electrically connected with other substations by transmission lines.  2010 

The bus bar systems within a substation is called cim:VoltageLevel and include the bus bars 2011 
(cim:BusbarSection in CIM) and equipment.  2012 

In a real substation all equipment is included in bays but in CIM only switches are in a cim:Bay. 2013 

Some misuses of substation containment are: 2014 

• A single cim:Substation for the whole network.  2015 

• One cim:Substation per busbar system which means that every cim:Substation include 2016 
exactly one cim:VoltageLevel despite transformers in the cim:Substation resulting 2017 
transformers spanning multiple substations. 2018 

CGMES v2.4 has gaps in specifying containment rules. CGMES v3 is the first standard that precises 2019 
the requirements for each equipment. 2020 

14.4 Disconnecting switches 2021 

Switches can be disconnected with the following three attributes in series: 2022 

• The cim:Switch.open flag 2023 

• Either or both cim:ACDCTerminal.connected flags 2024 

This allows for variation, as shown in Figure 47, that complicates solutions. 2025 
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1. Closed path

2. Open path Switch open and ACDCTerminal connected

3. Open path Switch open

4. Open path ACDCTerminal connected

• Options for less variations on Switches

In synch

Connected 
always true

 2026 

Figure 47 Combination of cim:Switch.open and ACDCTerminal.connected flags 2027 

Hence the cim:ACDCTerminal.connected flag for cim:Switch-es shall always be true. This avoid 2028 
caring about these flags for cim:Switch and its subclasses.  Level 5 rule SwitchOpenVsConnected 2029 
also checks this. 2030 

14.5 Node-breaker vs. bus-branch modelling 2031 

There are different styles of modelling of a power system network in terms of connectivity and 2032 
switching equipment. The choice of modelling style is driven by the requirements of the business 2033 
processes that utilise the models. A node-breaker modelling style normally includes enough 2034 
switching equipment in order to perform substation reconfiguration and studies that require 2035 
operations of the switching equipment. A bus branch modelling style represents a simplified view 2036 
of the topology, normally a result of a topology processing in which process non retained 2037 
switching equipment are logically eliminated to form topological nodes that connect zero 2038 
impedance equipment. Models that can be classified as node breaker models can have different 2039 
level of detail. For instance, a very detail node breaker model can include disconnectors and other 2040 
detail representations necessary for SCADA/EMS type of modelling , but at the same time a node 2041 
breaker model could also be a model that includes breakers, but not disconnectors and other 2042 
details. All depends on the detail needed for the studies. Data exchange standards are only 2043 
allowing the exchange of models without dictating the way of modelling 25.  2044 

Bus-branch models are simpler than node-breaker models which is beneficial in planning 2045 
scenarios while node-breaker models are used in real time systems (SCADA/EMS) where the 2046 
power flow input and result is mapped to real equipment. Once a detailed node -breaker model 2047 
has been created there is no reason to have a bus-branch model maintained in parallel with the 2048 
node-breaker model. This result in extra work keeping the duplicate models coordinated. Better 2049 
is to derive the bus-branch model from an already existing node-breaker model, also called 2050 
topology processing. In any case power flow calculation is normally computed on that state of 2051 
the grid after a topology processing. 2052 

A power flow performs the calculation on network with branch impedances and injections using 2053 

 

25  For example, it should not be understood that CGMES v3 requires node breaker model exchange, which is not 

true. CIM supports both bus-branch and node-breaker modelling but CGMES v2.4 lacks detail on how to do it 

which leads to several different interpretation ways. This is clarified in CGMES v3. 
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Ohm’s and Kirchhoff’s laws. The branches and injections are connected at “fictive power flow 2054 
busses”, hence the term “bus branch model”.  In CIM the “fictive power flow busses” are 2055 
represented by cim:TopologicalNode-s (TN). 2056 

Closed switches represent a zero impedance, which a power flow calculation does not handle 2057 
easily. There are two approaches: 2058 

1. Represent closed switches with an impedance small enough not to impact the solution but big enough 2059 

to enable power flow convergence. This has consequences: 2060 

• May result in numerical instability when solving power flow.  2061 

• Result in large matrices which degraded performance and increased need f or memory 2062 
space. 2063 

2. Remove all closed switches and merge the switch connection points called topology processing. This 2064 

has consequences as well: 2065 

• Topology processing is needed. 2066 

• Mapping issues between the node breaker and bus branch models, e.g., transferring the 2067 
power flow solution back to the objects replaced in topology processing. 2068 

Node-breaker modelling with CIM is supported by the class cim:ConnectivityNode (CN). To 2069 
summarise CNs and TNs according to approach 2 above: 2070 

• CNs describe the as built network with or without switches. 2071 

• TNs describe the fictive power flow busses and are computed by topology processing 2072 
when processing the switches. 2073 

In CGMES v3 all models are built using cim:ConnectivityNode-s, irrelevant of the chosen modelling 2074 
style, node breaker or bus branch. 2075 

Figure 48 shows what an architecture supporting topology processing. 2076 
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 2077 

Figure 48 Architecture with topology processing26 2078 

The as built CNs come from a Data Modeller or Data Engineering tool where they are maintained. 2079 
The CNs and all equipment connected to them are fed into the Topology Processor that creates 2080 
the TNs, hence the TNs are a result. 2081 

 

26  Note Equipment inService is attribute present in CGMES v3. 
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Figure 49 shows the bus-branch model example, mainly used for the planning models. 2082 
Simplifications can occur and if switches are to be modelled, those would have to be retained.  2083 

Figure 50 provides one option of the switching status of the similar grid represented in Figure 49, 2084 
but more detailed, similar to SCADA and EMS systems representation.  It is presumed that the 2085 
switches are contained in cim:Bay and not retained. The same grid is represented in Figure 51, 2086 
with the indicated breaker opened, resulting in two cim:TopologycalNode -s created as results of 2087 
the topological processing (14.6). In these two figures, it is clearly visible why TP CIMXML file is 2088 
to be considered as output in case of switching status changes.  2089 

The changes of the switching status is not foreseen as part of current CGM creation process where 2090 
TP CIMXML files are necessary inputs.  2091 
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VoltageLevel

Substation

AcLineSegment
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TN
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Terminal
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 2092 

Figure 49 Bus-branch model example27 2093 

SM

CN CN CN CN

CN CN CN CN CN CN CN CN

Bay

Bay Bay

VoltageLevel

VoltageLevel

CN

Substation

AcLineSegment

SM CN CN CN CN

Bay
VoltageLevel

CN

AcLineSegment

TN

CN

Disconnector

Connectivity NodeBreaker

Terminal Topological NodeTN

 2094 

Figure 50 Node-breaker model example with topological processing option 127 2095 

 

27  CGMES 2.4 
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Figure 51 Node-breaker model example with topological processing option 227 2097 

Figure 52 shows the TNs for an open-ended branch in case where no topology processing is made. 2098 
The TNs in the as built model are not updated and no TN to describe the left open end is available, 2099 
hence the voltage at the open end cannot be reported.  2100 

When topology processing is computed for the TNs in case of an open-ended branch, new TN is 2101 
created and the voltage can be calculated and reported. 2102 
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ACLS

Without topology processing

With topology processing

 2103 

Figure 52 Open ended branch in bus-branch model 2104 

A common solution to this in bus-branch tools is not to allow open ended branches. 2105 

A solution that avoids the issues is to use CNs for the as built model, which means that the Data 2106 
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Modeller or Data Engineering tool is using CNs as in Figure 48. TNs are not used in the as built 2107 
model but are created by topology processing. This has many benefits28: 2108 

• A model that starts as a bus-branch without switches can be gradually refined by adding 2109 
switch details. There are already several examples of IGMs where bus-branch and node-2110 
breaker styles are mixed in the same model.  2111 

• Network extensions are initially created as bus-branch models for study purposes and 2112 
once the equipment is designed and built the original bus-branch model is extended with 2113 
the detailed as built design. 2114 

• The issue with open ended branches disappears as the needed dead end TNs are created 2115 
by topology processing. 2116 

• The boundary can be simplified to only contain CNs. TNs and the CIMXML TP boundary 2117 
file are no longer needed, which simplifies the assembly process. 2118 

14.6 Topology processing 2119 

The purpose of the Topology Processing function shown in Figure 48 is to create the 2120 
cim:TopologicalNode-s (TN) from the cim:ConnectivityNode-s (CN) connected by closed 2121 
(cim:Switch.open=false) and not retained (cim:Switch.retained=false) switches. The topology 2122 
processing can also eliminate other zero impedance branches depending on zero impedance 2123 
threshold and capabilities of power analysis applications.  2124 

Switches that are retained (cim:Switch.retained=true) are treated as branches and are  kept, 2125 
which means that their two ends (cim:Teminal-s) shall always be connected to two different TNs. 2126 
If this is not the case after topology processing, there may be another path with closed and non -2127 
retained switches between the two TNs. This is a modelling error and the IGM needs to be 2128 
corrected. 2129 

For CGMs, TNs are used as input as shown in Figure 7. This means that the TNs shall be used as 2130 
is and no topology processing be made. A merging tool may still do topology processing for NB 2131 
IGMs included in the CGM to check that the provided TNs are correct. Despite any errors found 2132 
the provided TNs shall still be used in the power flow calculation.  2133 

Creating TNs from CNs and closed switches is straight forward and can be summarized by the 2134 
following graph search process. Note that this is just an example implementation. There could be 2135 
many other ways: 2136 

1. Select an arbitrary CN and create a TN for the selected CN. 2137 

a) Stop when all CNs have been visited. 2138 

2. For the selected CN  2139 

a) Collect all neighbouring CNs connected via closed switches or other zero impedance elements 2140 

and add to CNs to be processed. Link all switches connected to the CN also to the TN (create 2141 

reference cim:Terminal.TopologicalNode, see also section 14.8). 2142 

b) Collect all branches and injections and link them to the TN (create references 2143 

cim:Terminal.TopologicalNode).  2144 

3. Abandon the selected CN and select a new CN from the set of CNs to be processed. 2145 

a) If a CN was found continue at 2 2146 

 

28 These are the directions that were integrated in CGMES v3. 
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b) If no more CNs in the set to process continue at 1.  2147 

This algorithm creates TNs for all CNs that are connected via closed switches and each TN will 2148 
have injecting equipment and branches connecting with other TNs. Not all IGMs create TNs like 2149 
this, there are IGMs with the following deviations: 2150 

• Shunts with open switches that are still connected to an energized TN but with the 2151 
cim:ShuntCompensator.sections=0 and/or cim:ACDCTerminal.connected=false. See 2152 
section 14.17 for a discussion of this. 2153 

• Not energized TNs with a seemingly ad hoc collection of equipment. If such TNs are kept 2154 
not energized they will not disturb the power flow solution but if energized they may 2155 
disturb the power flow solution. 2156 

• TNs with erroneously connected equipment and branches, in this case the power flow 2157 
solution is impacted. 2158 

14.7 TopologicalIsland 2159 

A cim:TopologicalIsland consists of cim:TopologicalNode-s (TN) that are connected by branches 2160 
with non-zero impedance. A power flow solves each cim:TopologicalIsland individually. In CGMES 2161 
v3 an important clarification was made that topological islands contain only energised nodes and 2162 
solution is only exported for energised nodes while in CGMES v2.4 solution is also reported for 2163 
deenergised cim:TopologicalNode-s. 2164 

cim:TopologicalIsland-s group synchronously connected TNs that can have power flow solution. 2165 
Hence the islands are an important tool to analyse and compare power flow results  with big 2166 
differences. The following checks when comparing can then be made: 2167 

• Islands are the same with same TNs 2168 

• Convergence statuses are the same for the islands, i.e., power flow was run for all islands 2169 
and whether it converged or not. 2170 

• Synchronous areas in a CGMs are reported as separate cim:TopologicalIsland-s simplifying 2171 
inspection of the synchronous areas. 2172 

TNs in the same cim:TopologicalIsland shall be electrically connected. Hence all TNs in an island 2173 
have the same electrical status. The statuses are: 2174 

• Energized – the power flow solved for the island and non-zero injections present. 2175 

• Deenergized – the power flow solved for the island and all injections are zero.  2176 

• Diverged – the power flow did not solve the island. 2177 

QoCDC has introduced an option to provide the status of the islands, which is a voluntarily 2178 
modification of CGMES v2.4 (not to interfere with conformity assessment) where the 2179 
cim:IdentifiedObject.description text of a cim:TopologicalIsland may exist and contain one of the 2180 
texts: 2181 

• "Converged" for a converged solution. 2182 

• "Diverged" for a diverged solution. 2183 

• No other texts are allowed, if cim:IdentifiedObject.description is introduced for 2184 
cim:TopologicalIsland. 2185 

The voltage and angle for TNs are set as follows: 2186 
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• For an energized island the voltage and angle are non-zero except for the angle reference 2187 
node where the angle is zero. 2188 

• For a deenergized or diverged island all voltages and angles are zero. Information about 2189 
divergence is given by the power flow convergence report.  2190 

In CGMES v3 this is not required as solution is exported for energised TNs  only, which makes the 2191 
reporting of the solution result clearer and stimulates the improvement of model quality. 2192 

In diverged islands the computed injections and power flows in cim:SvPowerFlow shall be zero. 2193 
This information does not enable unique interpretation, as zero could also mean that the node is 2194 
deenergized. The rules in QoCDC that check the resulting power flow in SV with the input 2195 
conditions in SSH will report errors or warnings due to this.  To properly handle diverged islands, 2196 
rules that check the resulting power flow require special logic to only check energized islands 2197 
where cim:SvVoltage-s have nonzero voltage.  2198 

Small (typically too small to create a meaningful solution, see also rule SmallTopologicalIsland in 2199 
QoCDC) and deenergized cim:TopologicalIsland-s is typically the result of topology processing 2200 
where a few connected CNs are isolated and with zero injected power, e.g. 2201 

• Disconnected busbar section 2202 

• Open switches connected to a common CN 2203 

• Injections not delivering any power. 2204 

Such cim:TopologicalIsland-s shall not be exported as they do not add any value and clutter a 2205 
solution. 2206 

14.8 Terminal to TopologicalNode reference 2207 

The reference cim:Terminal.TopologicalNode has cardinality 1 (required) in the TP profile but  2208 
wording in IEC TS 61970-600-1:2017 section E.17 allow for exclusion of 2209 
cim:Terminal.TopologicalNode from the CIMXML TP file when switch details are reduced away. 2210 

This has the consequences that:  2211 

• The voltage and angle on each side of a cim:Switch cannot be reported as cim:Terminal -s 2212 
are missing cim:Terminal.TopologicalNode.  2213 

• If the cim:Terminal at a cim:Switch is controlled by a cim:RegulatingControl or 2214 
cim:TapChangerControl, see section 14.10, the reference to the controlled TN is lost and 2215 
control cannot be performed. 2216 

Hence all cim:Terminal-s shall have cim:Terminal.TopologicalNode according to the cardinality. 2217 

14.9 Switch retained 2218 

The cim:Switch.retained flag tells a power flow calculation to compute the power flow through a 2219 
closed cim:Switch. This may be implemented by keeping the cim:Switch as a low impedance 2220 
branch in the bus-branch model as discussed in section 14.5 approach 1. 2221 

The purposes of having retained cim:Switch-es are: 2222 

• Computing the power flow through a closed cim:Switch, this is useful both in node-2223 
breaker and bus-branch models. 2224 

• Allowing bus splits in a bus-branch model without having to edit the connectivity. It is 2225 
common to make bus couplers retained for this reason.  2226 
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14.10 Control configuration 2227 

The CIM allows modelling control in several ways. This section discusses the options and their 2228 
consequences. As basis for the discussion the diagram in Figure 53 is used. 2229 

 2230 

Figure 53 CIM for control 2231 

Figure 53 convey the following information: 2232 

• Controlling equipment is linked to a cim:RegulatingControl. The controlling equipm ent 2233 
could be a subtype of 2234 

• cim:RequlatingCondEq 2235 

• cim:TapChanger 2236 

• A cim:RegulatingControl or cim:TapChangerControl may have many controlling 2237 
equipment’s. 2238 

• The quantity that cim:RegulatingControl controls is located at a cim:Terminal.  2239 

• A cim:Terminal may have many cim:RegulatingControl-s or cim:TapChangerControl-s. 2240 

• A cim:Terminal is linked to a cim:TopologicalNode.  2241 

• A cim:TopologicalNode is where a power flow calculation control the quantity.  2242 

• A cim:TopologicalNode may have many cim:Terminal-s. 2243 

This gives several ways to instantiate the classes in Figure 53 as shown in Figure 54. 2244 

class Contr ols

ACDCTerminal

Cor e::

Ter mina l

PowerSystemResource

TapChanger

ConductingEquipment

Regula t ingCondEq

+ controlEnabled: Boolean [0..1]

Fr equency Conv er ter

Sy nchr onousMachine

Sta t icVa r Compensa tor

ShuntCompensa tor

PowerSystemResource

Regula t ingContr ol

+ discrete: Boolean [0..1]

+ enabled: Boolean [0..1]

+ mode: RegulatingControlModeKind [0..1]

+ monitoredPhase: PhaseCode [0..1]

+ targetDeadband: Float [0..1]

+ targetValue: Float [0..1]

+ targetValueUnitMultiplier: UnitMultiplier [0..1]

«enumeration»

Regula t ingContr olModeK ind

 voltage

 activePower

 reactivePower

 currentFlow

 admittance

 timeScheduled

 temperature

 powerFactor

TapChanger Contr ol

+ limitVoltage: Voltage [0..1]

+ lineDropCompensation: Boolean [0..1]

+ lineDropR: Resistance [0..1]

+ lineDropX: Reactance [0..1]

+ reverseLineDropR: Resistance [0..1]

+ reverseLineDropX: Reactance [0..1]

Rota t ingMachine

Exter na lNetwor kInject ion

IdentifiedObject

Topology ::Topologica lNode+TapChanger

0..*

+TapChangerControl 0..1

+Terminal 0..1

+RegulatingControl

0..*

+RegulatingCondEq

0..*

+RegulatingControl

0..1

+Terminal

0..*

+TopologicalNode

0..1
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Controllling  Equipment cim:RegulatingControl cim:Terminal cim:TopologicalNode

Controllling  Equipment cim:RegulatingControl cim:Terminal cim:TopologicalNode

Controllling  Equipment

Controllling  Equipment cim:RegulatingControl cim:Terminal cim:TopologicalNode

Controllling  Equipment cim:RegulatingControl cim:Terminal

Controllling  Equipment cim:RegulatingControl cim:Terminal cim:TopologicalNode

Controllling  Equipment cim:RegulatingControl cim:Terminal

Controllling  Equipment

Controllling  Equipment

1) Single controlling equipment and single control 

2) Multiple controlling equipment and single control 

3) Single controlling equipment and multiple controls

4) Multiple controlling equipment and multiple controls

 2245 

Figure 54 Control configuration cases 2246 

Cases 1 and 2 in Figure 54 are simple and without issues related to the control 2247 
(cim:RegulatingControl or cim:TapChangerControl).  2248 

Cases 3 and 4 may have conflicts between cim:RegulatingControl.targetValue and 2249 
cim:RegulatingControl.targetDeadBand between the different controls. The 2250 
cim:RegulatingControl.targetValue-s should all be the same but the 2251 
cim:RegulatingControl.targetDeadBand-s may differ depending on the controlling equipment, 2252 
e.g. a tap changer may have a small dead band while a shunt may have a large.  2253 

In cases where multiple controlling equipment control the same TN the conclusions are: 2254 

• Use a single control to avoid target value conflicts.  2255 

• Use multiple controls only when different dead bands are needed.  2256 

In a node breaker model, it is possible to change the TN by switching. In a  real substation, breaker 2257 
and bays may allow for extensive reconfiguration of TNs, see Figure 55. 2258 
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 2259 

Figure 55 Example node breaker substation 2260 

The substation in Figure 55 has two main bus bars BUS-1 and BUS-2 and one transfer bus. The 2261 
two machines T/F-1 and T/F-2 may be on different or the same TN depending on the switches. 2262 
The control for machines T/F-1 and T/F-2 may be according to case 2) or case 3) in Figure 54. For 2263 
the controlled cim:Terminal-s this results in the following options: 2264 

1. With a single control (case 2) the controlled cim:Terminal could be at: 2265 

a) one of the machines 2266 

b) a switch 2267 

c) one of the bus bars 2268 

2. With two controls (case 3) the controlled cim:Terminal could be at: 2269 

a) one of the machines 2270 

b) each of the machines 2271 

c) a switch 2272 

d) any two switches 2273 

e) one of the bus bars 2274 

f) any of two bus bars 2275 

With all options except 2b it is easy to lose the control by switching. In option 2b the control 2276 
follows each machine to the TN where the machine is connected but if both machines are 2277 
connected to the same TN the target values may instead conflict.  2278 

In a real substation it is common that the controlled point is located where the measurements 2279 
are, e.g., at a breaker or bus bar. As concluded above this does not fit well with the need to make 2280 
power flow calculations work with CIM data. Hence the CIM information model for control is 2281 
insufficient and needs revision29. 2282 

 

29 ENTSO-E Network Code EquipmentReliability profile introduces an enhanced model for the controls. 
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If the controlled cim:Terminal belong to a cim:Switch and a topology processor do not include 2283 
cim:Terminal.TopologicalNode in the CIMXML TP file this is another reason for loss of control 2284 
capability, refer to discussion in section 14.5. 2285 

14.11 Equivalents 2286 

14.11.1 EquivalentInjection 2287 

The class cim:EquivalentInjection has three different usages: 2288 

3. Represent boundary flows between IGMs. 2289 

4. Equivalent representation of HVDC flows. 2290 

5. Reduced network parts in a model. 2291 

Case 1 is distinguished by the cim:EquivalentInjection-s being connected to a boundary TN or CN. 2292 

Case 2 is distinguished by the cim:EquivalentInjection(s) being connected to a boundary TN or CN 2293 
with the text “HVDC” in the beginning of the TN or CN cim:IdentifiedObject.description attribute 2294 
(CGMES v2.4). 2295 

Case 3 distinguished by the cim:EquivalentInjection-s not meeting case 1 or case 2. 2296 

Case 1 and 2 require an assembly between EQ and EQBD CIMXML files to be determined.  2297 

14.11.2 EquivalentBranch 2298 

Cim:EquivalentBranch-es may include transformers, hence they may span between different base 2299 
voltages. But cim:EquivalentBranch-es do not have the attribute phaseAngleClock so phase angle 2300 
displacement cannot be described. Hence cim:EquivalentBranch-es cannot be used to describe 2301 
transformers with non-zero cim:PowerTransformerEnd.phaseAngleClock. In this case a 2302 
cim:PowerTransformer must be used. 2303 

14.12 LoadResponseCharacteristic 2304 

Merging agents shall ignore cim:LoadResponseCharacteristic instances with exponential 2305 
dependency on voltage (cim:LoadResponseCharacteristic.exponentModel = true). The load given 2306 
by cim:EnergyConsumer.p and cim:EnergyConsumer.q shall be used as is without using the 2307 
equations for voltage dependency. 2308 

TSOs may use instances of cim:LoadResponseCharacteristic with exponential dependency on 2309 
voltage. If used the load values (cim:EnergyConsumer.p and cim:EnergyConsumer.q) shall be 2310 
specified at nominal voltage. If the power flow solution ends at another voltage than nominal the 2311 
load will deviate from the nominal and the resulting load is given by cim:SvPowerFlow p and q. 2312 

14.13 Line taps and T-points 2313 

A transformer at a transmission line is sometimes modelled as an injection at the line, a “tap”. 2314 
High voltage transmission lines typically do not have taps, but lower voltage distribution feeders 2315 
have. 2316 

Network models used in processes described in this document do not include low voltage feeders 2317 
with taps. If a transmission line has a tap, switching equipment as well as a transformer is 2318 
normally present, hence the tap shall be described being within a cim:Substation and not in a 2319 
cim:Line. 2320 

A cim:Line may have a T-point with an additional cim:ACLineSegment branches off from the line. 2321 
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A T-point in a cim:Line has three cim:ACLineSegment-s connected to a CN/TN. More than one T-2322 
point may exist in a cim:Line. 2323 

14.14 Voltage levels and boundary points 2324 

CGMM (Common Grid Model Methodology) defines the level of detail that is required. However, 2325 
TSOs may have a need to model lover voltage levels, e.g., 110 kV if this is considering important 2326 
for the representation of their grid. It is not uncommon that there are interconnections between 2327 
the TSOs of these lower voltage levels. Not coordinating level of modelling between neighbouring 2328 
TSOs would result to unpaired boundary points which can lead to different treatment of these 2329 
interconnections in the process where IGMs are processed. Therefore, the following is 2330 
recommended: 2331 

• TSOs should agree bilaterally on the level of detail of lower voltage levels around their 2332 
borders and ensure that there are no unpaired boundary points, i.e., each boundary point 2333 
is connected/referenced from the two TSOs. 2334 

• As part of the operational process TSOs should agree on the status of all interconnections 2335 
so that this is considered in the preparation of their IGMs. TSOs should ensure that when 2336 
their IGMs are merged with neighbouring TSOs the elements connected to the boundary 2337 
points have the same status, e.g., lines are either in operation or not. This is important 2338 
for the CGM building process and further usage of the CGM in business processes. Not 2339 
following this will result to switching off of interconnections which would have impact in 2340 
the quality of CGMs. 2341 

14.15 Production in distribution networks 2342 

Production may be embedded in distribution networks, e.g., in case of renewable production. 2343 
The distribution network typically connects to the transmission network at a transformer. The 2344 
flow through the transformer will then have both a load and production component. If the flow 2345 
is modelled as a load, e.g. a cim:ConformLoad, the expected load variation curve during a day will 2346 
be distorted by the production component. To remedy this the load and production shall be 2347 
modelled separately, i.e. 2348 

• The load shall be modelled by a cim:ConformLoad (housing) and/or cim:NonConformLoad 2349 
(industrial) depending of the behaviour. 2350 

• The production shall be modelled by an aggregate cim:SyncronousMachine or 2351 
cim:EquivalentInjection. Both have voltage control capability that may be utilized if the 2352 
production has reactive resources. 2353 

14.16 StaticVarCompensator (SVC) 2354 

14.16.1 Overview 2355 

Reactive power output of a cim:StaticVarCompensator (SVC) is limited by the capacitive and 2356 
inductive ratings representing the maximum and minimum susceptance values derived from 2357 
reactive power output of capacitor and reactor banks. In normal operations these limits are not 2358 
often reached. 2359 
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 2360 

Figure 56 Capability curve for a SVC 2361 

The min/max reactive power of an SVC determined by: 2362 

𝑄𝑚𝑖𝑛/𝑚𝑎𝑥 = −
𝑉 × 𝑉

𝑟𝑎𝑡𝑖𝑛𝑔
 2363 

Where: 2364 

• rating is the capacitiveRating or inductiveRating 2365 

• V = local voltage at the SVC. Even when in remote regulation, the local voltage shall be 2366 
considered to retrieve the minimum or maximum local reactive output.  2367 

• Minus sign in equation according to: 2368 

• IEC 61970-600-2:2017 The value of the inductiveRating is negative, the value of the 2369 
capacitiveRating is positive. 2370 

• IEC 61970-301:2016 positive current indicates an inductive current as load sign 2371 
convention is used. 2372 

14.16.2 Implementing Control 2373 

IEC 61970-301:2016 and IEC TS 61970-600-2:2017 do not specify if the local SVC control attributes 2374 
shall be used or the cim:RegulatingControl attributes. As the cim:RegulatingControl describes the 2375 
controlled point in the network (a cim:Terminal), cim:RegulatingControl shall be used and not the 2376 
SVC local attributes: 2377 

• cim:StaticVarCompensator.sVCControlMode 2378 

• cim:StaticVarCompensator.voltageSetPoint 2379 

This is clarified in CGMES v3 and these attributes are deprecated not to duplicate information. 2380 

cim:StaticVarCompensator.q may be used as a reactive starting point in power flow. It shall not 2381 
be used as targetvalue for a reactive regulation.  2382 

cim:RegulatingControl.enabled defines whether the regulation is enabled. When the attribute is 2383 
false, it means the regulation is off and the reactive output of the SVC shall be zero Mvar. 2384 

An SVC may operate in fixed Mvar output mode or in voltage control mode. This is defined by the 2385 
RegulatingControl.mode which for an SVC could be voltage or reactivePower. 2386 
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14.16.3 Voltage Control 2387 

When the cim:StaticVarCompensator.slope is zero, the SVC will inject or absorb reactive power 2388 
to reach the voltage target as long as capacitiveRating or inductiveRating limits are not reached.  2389 

When the cim:StaticVarCompensator.slope is positive, the reactive output of the SVC is defined 2390 
by: 2391 

𝑄 =
𝑉𝑏𝑢𝑠 − 𝑉𝑟𝑒𝑓

𝑠𝑙𝑜𝑝𝑒
 2392 

Where: 2393 

• cim:StaticVarCompensator.slope is positive based on the load sign convention.  2394 

• Vbus is the voltage at the controlled point determined by cim:RegulatingControl.Terminal 2395 
which may be local or remote. 2396 

• Vref is the target value given by cim:RegulatingControl.targetValue.  2397 

14.16.4 Reactive power control 2398 

According to IEC 61970-301:2016 an SVC in reactive power control keeps the susceptance 2399 
constant. This is not correct and in reality, the reactive power flow at controlled point is kept 2400 
constant by varying the susceptance so the SVC absorb or inject reactive power to reach the 2401 
reactive target value at the controlled point. 2402 

The reactive power control could apply both to a local or to a remote-controlled point. In case of 2403 
remote-controlled point, load-flow tools should assess the direction to change reactive power 2404 
flow on the SVC. 2405 

14.17 Shunt compensators 2406 

Shunt compensators are often used in power flow to control voltage. It is also common they are 2407 
used together with equipment with continuous control capability as synchronous machines and 2408 
static var compensators with the purpose to keep continuous resources in the middle of their 2409 
control range. A way to solve this in a power flow is to let the shunts control the reactive power 2410 
flow from the continuous resource so the flow is close to zero. This can be done with the 2411 
configuration shown in Figure 57. 2412 
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Processing

Breaker 
closed

RC – cim:RegulatingControl

 2413 

Figure 57 Voltage control with shunts and continuous resource 2414 

When the synchronous machine in Figure 57 delivers or consumes a large amount of reactive 2415 
power to maintain the voltage the shunt will change its capacitance or reactance to lessen the 2416 
reactive power from the synchronous machine. 2417 

If the reactive power is controlled by switching the shunt, a topology processor will create a 2418 
separate TN if the shunt is disconnected as shown to the lower left in Figure 57. To get the shunt 2419 
connected back to the TN with the synchronous machine requires closing the switch and repeated 2420 
topology processing. As the CGM power flow is TN based, topology processing is not used as 2421 
discussed in section 14.6. Instead, the following solution is to be used: 2422 

• Switches shall not be used to control the shunt impedance and be closed when the shunt 2423 
is in service, e.g. the shunt breaker in Figure 57 is only used when the shunt is taken out 2424 
of service. 2425 

• Use the cim:ShuntCompensator.sections to control the impedance where 2426 
cim:ShuntCompensator.sections=0 means zero admittance. For linear shunt this means 2427 
multiplying with the per section admittance results in zero impedance. For nonlinear 2428 
shunts the cim:NonlinearShuntCompensatorPoint.sectionNumber=0 shall have the 2429 
corresponding admittance values equal zero. 2430 

This is clarified in CGMES v3. There is no section 0 for nonlinear shunt compensator as each of 2431 
the points provide a value. To model 0 compensation, section 1 should be having 0 values . 2432 

14.18 Series compensators 2433 

Series compensators may appear both in a substation and somewhere along a transmission line. 2434 
Modelling a series compensator along a line can be made in two ways: 2435 
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1. Implicit by adding the series reactance to the cim:ACLineSegment impedances. 2436 

2. Explicit by adding the series compensator as a cim:SeriesCompensator together with other equipment 2437 

that is typically present, e.g. breakers and disconnectors. This require a cim:Substation at the location 2438 

of the cim:SeriesCompensator. 2439 

14.19 Power Transformers 2440 

For two winding transformers both series and shunt elements are reactive which means that the 2441 
series element shall be positive and the shunt element negative. But for equivalenced or three 2442 
winding transformers a shunt element (cim:PowerTransformerEnd.b) could be positive. If a 2443 
cim:PowerTransfomer is included as an equivalenced cim:PowerTransfomer the 2444 
cim:Equipment.aggregate flag shall be true and shunt elements could be positive. 2445 

The electrical equivalent of a two winding transformer is an L-model, see Figure 58. 2446 

 2447 

Figure 58 Two Winding Power Transformer L-model (figure copyrighted by IEC) 2448 

As can be seen from Figure 58 the model has one shunt and one series element. But the CIM 2449 
information model has two cim:PowerTransformerEnd-s that can store one shunt and one series 2450 
element each. To avoid ambiguity it has been decided to store the impedances at the high voltage 2451 
cim:PowerTransformerEnd which is also end number 1. The other end shall have zero impedance 2452 
values. 2453 

The equivalent model for a three winding transformer is L-elements in a Y-configuration where 2454 
the shunt elements are at the cim:PowerTransformer cim:Terminal-s. In this case the three pairs 2455 
of impedance elements are stored in each of the three cim:PowerTransformerEnd-s. As the shunt 2456 
impedance is typically measured at one of the transformer windings, the shunt impedance should 2457 
be stored in this cim:PowerTransformerEnd rather than being distributed over all three, see also 2458 
Figure 59. 2459 

gp+jbp

rp+jxp rt+jxt

rs+jxs

Primary

Secondary

Tertiary

gt+jbt

gs+jbs

 2460 

Figure 59 Three Winding Power Transformer L-model (figure copyrighted by IEC) 2461 
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14.20 Reactive limits 2462 

The reactive limits of equipment that can supply reactive power (e.g. cim:SynchronousMachine, 2463 
cim:EquivalentInjection) is either described by a pair of min/max limit attributes or a reactive 2464 
capability curve. If a reactive capability curve is present any provided min/max limit attributes 2465 
shall be ignored. 2466 

14.21 Not used classed and attributes 2467 

All classes, roles and attributes not described in a profile shall be ignored and reported for 2468 
diagnostics. Annex E provides some information on not applicable classes and attributes. 2469 

2470 
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14.22 Sign conventions 2471 

Table 7 summarizes sign conventions used. 2472 

Table 7 Sign conventions 2473 

Context Condition Sign convention 

Market 

schedule 

Domain Describe an area importing or exporting power.  

Type of areas are AC net position (EIC type Y) 

and tie flows (EIC type T) 

The values are always positive. 

Market 

schedule 

in_Domain Importing domain.  

Market 

schedule 

out_Domain Exporting domain 

Market 

schedule 

Power flow on tie-line 

connectingLine_RegisteredResource 

Export and import given by in_Domain and 

out_Domain 

Network 

model 

SSH 

Net position for 

ControlArea of type 

ControlAreaTypeKind.Interchange. 

The net position is given by 

ControlArea.netInterchange. 

Export has positive value. 

Import has negative value. 

(from IEC 61970) 

Network 

model 

SSH 

Equipment injections Load sign convention is used, i.e., positive sign 

means flow out from a node (bus) into the 

equipment. 

Network 

model 

SSH 

Injection by EquivalentInjection at 

boundary side of branch with 

TieFlow 

Export has negative value. 

Import has positive value. 

Network 

model 

SV 

SvPowerFlow (AC only) Load sign convention is used, i.e. , positive sign 

means flow out from a TopologicalNode (bus) 

into the conducting equipment (from IEC 

61970). 

Network 

model 

SV 

SvPowerFlow at boundary side of 

branch with TieFlow. 

Export has positive value. 

Import has negative value. 

Network 

model 

SV 

SvPowerFlow at EquivalentInjection 

at boundary side of branch with 

TieFlow. 

Export has negative value. 

Import has positive value. 

 2474 

The market concept Domain is represented by the network concept ControlArea of type 2475 
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ControlAreaTypeKind.Interchange.  2476 

The net position (ControlArea.netInterchange) is computed by summing up the Domains 2477 
(in_Domain or out_Domain) linked to a cim:ControlArea.  2478 

A market tie flow, having a EIC code of type T, is assigned to the EquivalentInjection linked to the 2479 
boundary node within a cim:Line having an EIC matching the market tie flow identified by the  2480 
connectingLine_RegisteredResource. 2481 

 2482 
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Annex A HVDC related attributes relevant for CGMES v2.4 (informative) 2483 

The tables in this section list the attributes from IEC TS 61970-600:2017 that are normally 2484 
exchanged in an HVDC IGM. No attributes from IEC 61970-600:2021 are included in this summary. 2485 

The column Exchanged in the following tables has the following meaning: 2486 

“yes” - the attribute shall always be exchanged except if not used, see Table 16, Table 17 and  2487 

• Table 18 2488 

• “optional” - the attribute can be included in an export but will not be used in CGM BP.  2489 

• “no” - The attribute shall not be included in an exchange.  2490 

Table 8 ACDCConverter class 2491 

Attribute name  Exchanged Profile Comment 

baseS  yes EQ  

idleLoss  yes EQ  

maxUdc  yes EQ  

minUdc  yes EQ  

numberOfValves  yes EQ This attribute is 6 for a 6-pulse and 12 for a 
12-pulse ACDCConverter. 

ratedUdc  yes EQ  

resistiveLoss  yes EQ  

switchingLoss  yes EQ  

valveU0  no EQ  

p yes SSH  

q yes SSH This value shall be approximately p/2 for a 
current source converter. 

targetPpcc yes SSH This value shall agree with p at the rectifier 
and is used with the control modes 
CsPpccControlKind.activePower or 
VsPpccControlKind.pPcc control.  

Load sign convention is used. 

targetUdc yes SSH This value shall agree with udc at the 
inverter and is used with the control mode 
CsPpccControlKind.dcVoltage or 
VsPpccControlKind.udc.  

poleLossP yes SV  

idc yes SV  

udc yes SV  

uc yes SV  

 2492 
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Table 9 ACDCConverterDCTerminal class 2493 

Attribute name  Exchanged Profil

e 

Comment 

polarity yes EQ  

 2494 

Table 10 CsConverter class 2495 

Attribute name  Exchanged Profil

e 

Comment 

maxAlpha  optional EQ Shall not be used in CGM BP 

maxGamma  optional EQ Shall not be used in CGM BP  

maxIdc  yes EQ  

minAlpha  optional EQ Shall not be used in CGM BP 

minGamma  optional EQ Shall not be used in CGM BP 

minIdc  yes EQ  

ratedIdc  yes EQ  

operatingMode yes SSH The rectifier delivers active power to the 
inverter. This is the case for both current 
and voltage source converters. 

pPccControl yes SSH The control mode 
CsPpccControlKind.activePower is used for 
the rectifier and 
CsPpccControlKind.dcVoltage for the 
inverter. 

targetAlpha optional SSH Shall not be used in CGM BP  

targetGamma optional SSH Shall not be used in CGM BP 

targetIdc optional SSH Shall not be used in CGM BP  

alpha optional SV Shall not be used in CGM BP 

gamma optional SV Shall not be used in CGM BP 

Table 11 DCConverterUnit class 2496 

Attribute name  Exchanged Profil

e 

Comment 

operationMode  yes EQ  

 2497 

 2498 

 2499 

 2500 

 2501 

 2502 
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Table 12 DCSeriesDevice class 2503 

Attribute name  Exchanged Profil

e 

Comment  

inductance  optional EQ Shall not be used in CGM BP 

resistance  yes EQ  

ratedUdc  optional EQ Not required as the rated voltage is 
specified for the converter 

Table 13 DCShunt class 2504 

Attribute name  Exchanged Profil

e 

Comment  

capacitance  optional EQ Shall not be used in CGM BP 

resistance  yes EQ  

ratedUdc  optional EQ Not required as the rated voltage is 
specified for the converter 

Table 14 VsConverter class 2505 

Attribute name  Exchanged  Profil

e 

Comment  

maxModulationIndex  optional EQ Shall not be used in CGM BP 

maxValveCurrent  no EQ  

droop optional SSH Shall be exchanged if the pPccControl mode 
is pPccAndUdcDroop 

droopCompensation  no SSH Decided not to use because the PccTerminal 
is always the controlled point 

pPccControl  yes SSH The control mode VsPpccControlKind.pPcc is 
used for the rectifier and 
VsPpccControlKind.udc for the inverter.  

qPccControl  yes SSH Only the control mode 
VsQpccControlKind.voltagePcc is used.  

qShare  yes SSH Used in voltage control to share the reactive 
power injection between converters 
operating in parallel, a voltage droop.  

targetQpcc optional SSH This value is used with the control mode 
VsQpccControlKind.reactivePcc. 

Load sign convention is used. 

targetUpcc yes SSH This value is used with the control mode 
VsQpccControlKind.voltagePcc. 

delta optional SV Shall not be used in CGM BP 

uc optional SV Shall not be used in CGM BP 
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Table 15 DCLineSegment class 2506 

Attribute name  Exchanged Profil

e  

Comment 

capacitance  no EQ  

inductance  no EQ  

resistance  yes EQ  

length  no EQ   

 2507 

Table 16, Table 17  2508 

Table 18 summarizes the control modes for a CsConverter and a VsConverter. The top row in each 2509 
table list attributes from the CsConverter and VsConverter classes including attributes inherited 2510 
from the ACDCConverter class. The left most column list the control modes. A dash in the table 2511 
means the attribute is not used. Rectifier of Inverter refer to the converter operating mode. Some 2512 
rows contain dashes only which means this control mode is not used. Some columns also contain 2513 
dashes only which means this attribute at the top row is not used. 2514 

Optional attributes (see Table 8 to Table 15) with dashes need not be exchanged. 2515 

Table 16 CsConverter active power control modes 2516 

operatingMode targetPpcc targetUdc targetIdc targetAlpha targetGamma 

pPccControl Rectifier - - - - 

dcVoltage - Inverter - - - 

dcCurrent - - - - - 

 2517 

Table 17 VsConverter active power control modes 2518 

pPccControl targetPpcc targetUdc droop 

pPcc Rectifier - - 

udc - Inverter - 

pPccAndUdcDroop Rectifier - Rectifier 

pPccAndUdcDroopWithCompensation - - - 

pPccAndUdcDroopPilot - - - 

 2519 
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Table 18 VsConverter reactive power control modes 2520 

qPccControl targetUpcc targetQpcc qShare 

reactivePcc - - - 

voltagePcc Rectifier/Inverter - Rectifier/Inverter 

powerFactorPcc - - - 

 2521 
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Annex B Proposed changes to CIM/CGMES (informative) 2522 

Based on the discussion in this document the following changes to the CIM standard are 2523 
suggested. It should be noted that some of these issues are covered by the ENTSO-E Network 2524 
Codes profiles. However further analysis is necessary when packaging then next version of CGMES 2525 
and IEC standards. 2526 

3. Add a new class that describes an HVDC Link. 2527 

4. Add a new class that describes an HVDC Pole. The class is contained by an HVDC Link and associates 2528 

with the DCConverterUnit-s in the HVDC Pole. The boundary points, currently in cim:Line, move into 2529 

the new HVDC Pole class. 2530 

5. To avoid the cases where substations need to be split in two where one is fictitious, may be avoided 2531 

by moving the substations into the boundary. A single substation can the contain equipment from 2532 

both the AC and DC IGMs. 2533 

6. DC switches are specified in EQ profile, but they do not have an SSH attribute (neither in CGMES 2.4 2534 

nor in v3) to state if they are open or closed specified. Temporary solution to this issue is ignoring the 2535 

DC switches and just using the topology from the TP file as it is. ENTSO-E Network codes extensions 2536 

and profiles fix this issue. 2537 

7. Add a new class that allocates filters for compensating reactive power at current source converters 2538 

and filter harmonics. The class need an association with the cim:RegulatingControl that have the 2539 

shunts. The filter control function that allocates filters will use this class depending on the need for 2540 

harmonics filtering. It use the cim:RegulatingCondEq.controlEnabled flags tell the voltage control 2541 

which filters are available for voltage control. 2542 

8. If the filter control function is located at the DC side of the boundary it needs a path from the 2543 

cim:ACDConverter to the cim:Regulating control doing the voltage control. This result in restrictions 2544 

on the cim:ACDConverter.PccTerminal and cim:RegulatingControl.Terminal to be at cim:Teminals 2545 

linked to the boundary points. This can be avoided if the filter control function is at the AC side. 2546 

9. The cim:ACDCConverter class currently serve two purposes 1) describe the control parameters 2) 2547 

define the electrical connectivity by inheriting cim:ConductingEquipment. It is suggested that the 2548 

cim:ACDCConverter class only describes the connectivity as indicated Figure 23 and Figure 24. The 2549 

bridges are not explicitly modelled and may be added if needed in the future, e.g. in dynamics studies. 2550 

The control parameters could be described by a new class CSControl that replaces CsConverter and 2551 

VSControl that replaces VsConverter. The new classes represent the “converter unit control” boxes in 2552 

Figure 18. 2553 

10. The BPPL requirements section in IEC 61970-600-1 is suggested to be updated as discussed below 2554 

g) BBPL6 states that “In the simplified exchange of an HVDC link the net interchange between the 2555 

IGMs is represented by EquivalentInjection classes referring to each common coupling node (CC)”. 2556 

This is also true for detailed HVDC models which is suggested to be made explicit. The point of 2557 

common coupling for a cim:ACDCConverter is a cim:Terminal which can be any cim:Terminal. It 2558 

shall be the cim:Terminal at the cim:EquivalentInjection connected to the boundary point. 2559 

h) BPPL8 states that a detailed HVDC model may be exchanged as a separate IGM or included in the 2560 

AC IGM.  The detailed HVDC model shall always be exchanged as a separate detailed DC IGM that 2561 

cannot be part of the AC IGM.  A simplified HVDC model is described in the AC IGMs without the 2562 

DC IGMs. A detailed HVDC link is described by also including the DC IGM in a CGM. This is done 2563 

regardless of an HVDC link is internal or external. See also section 12.1.4. 2564 
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i) BPPL9 states that the DC IGM shall refer to the common coupling points in the boundary set. The 2565 

point of common coupling is a cim:Terminal referenced by ACDCConverter. CGM BP requires that 2566 

this is a branch cim:Terminal connected to the boundary point. 2567 

j) BPPL10 states that multiple HVDC Links may be included in a DC IGM. CGM BP requires that each 2568 

DC IGM can only contain one HVDC link but an HVDC link may contain multiple poles meaning 2569 

that multiple DC cables and converters are included. 2570 

11. ACDCConverter.switchingLoss documentation says, “Switching losses, relative to the base apparent 2571 

power 'baseS'.” but in the formula for computing the loss it is multiplied by ACDCConverter.idc. The 2572 

text need check and correction. 2573 

12. The description of the VsConverter.droop attribute may be improved, the “D” in the formula need 2574 

clarification. The VsConverter droop attributes relate to active power which is needed for DC 2575 

networks. This must be clearly described. 2576 

13. Droop control of voltage is common for VsConverters but attributes supporting this is missing in CIM 2577 

and needs to be added. 2578 

14. The description of the VsConverter.targetPhasePcc and VsConverter.targetPWMfactor attributes are 2579 

left out from the CGM BP. The attributes need clarification and discussion of the relevance in power 2580 

flow calculations. 2581 

15. An information model that describes the party responsible for a shared resource is needed, e.g., two 2582 

TSOs that have a joint HVDC Link. 2583 

16. Figure 38 in IEC 61970-301 does not describe the desired boundary configuration for an HVDC Bipole 2584 

and it is suggested the figure is replaced. 2585 

17. The formula for the pole loss is showed in the ACDCConverter.poleLossP attribute but it would be 2586 

good to have it at a more prominent place, e.g., in the 301 text. 2587 

18. A formula that describes the curve in Figure 25 shall be added. The curve is a function of active power 2588 

transfer at a given firing or extinction angle and is simple at a fix angle. The approximation Q=P/2 is a 2589 

last resort that is always available. 2590 

19. Add that generation sign convention is used for ACDCConverter.maxP and ACDCConverter.minP 2591 

20. Add new classes that describe the bridge and the valves. The lack of a bridge class has resulted in 2592 

confusion with the ACDCConverterUnit that instead has been used to represent the bridge. As the 2593 

ACDCConverter unit represents the control of one side of an HVDC Pole rather than the bridges the 2594 

description in the class need update. 2595 

21. The enumeration values activePower, dcVoltage and dcCurrent in CsPpccControlKind need to be 2596 

investigated as they are probably related to different levels of control. The activePower relate to the 2597 

whole HVDC Pole while dcVoltage and dcCurrent relate to each CsConverter in the HVDC Pole.  2598 

22. The enumeration values of VsPpccControlKind need also be investigated for the same reason. The 2599 

VsQpccControlKind.pulseWidthModulation is probably a lower-level control that shall not be mixed 2600 

with the reactePower or voltage controls.  2601 

23. Text and diagrams in the HVDC section of IEC 61970-301:2020 are not aligned on parameter naming 2602 

and the mathematical model describing the static power flow model need better explanation. 2603 

24. The control function that describes the dc Voltage at the CSC inverter as a function of transferred 2604 

power need to be described in the standard. More parameters are probably needed in the UML for 2605 

this. If the function is complex, it may be described tabularly instead, this also requires a UML change. 2606 

The function is described in the dynamics model and may be derived from it. 2607 
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25. The control function that describes the firing/extinction angles and tap position as a function of a dc 2608 

Voltage target is needed. More parameters are probably needed in the UML for this. If the function is 2609 

complex, it may be described tabularly instead, this also requires a UML change. The function is 2610 

described in the dynamics model and may be derived from it. 2611 

26. A VsConverter link may have an operation mode where the link exhibits a variable series impedance 2612 

to the AC system. This require that the series impedance r and x values be dynamically computed and 2613 

are made available to power flow as attributes. The formulas for computing the r and x values need 2614 

to be defined.  2615 

27. Has the linear loss term in the VSC loss equation the same value as the quadratic? 2616 

28. If more than one VSC controls the AC voltage, the attribute VsConverter.qShare tells how the reactive 2617 

injection shall be shared between the VSCs. This is not clear from the description. The attribute 2618 

VsConverter.qShare is used with the control mode VsQpccControlKind.voltagePcc which could also be 2619 

clarified. If multiple VSCs are connected to the AC substation it is assumed that they shall have the 2620 

same reactive power control mode and the same target values but may have different 2621 

VsConverter.qShare. This need also be described. Possibly could a RegulatingControl be used to 2622 

provide common voltage targets would be a change in future CIM versions. In the case other reactive 2623 

sources are used to control the same voltage a method to share the reactive production between the 2624 

sources is needed, e.g., the SVC use droop control for this. As HVDC Poles, at least today, are operated 2625 

at the same bus in the AC system, the bus split issue with RegulatingControl is not an issue for HVDC. 2626 

29. Variable impedance control mode is not supported in CIM and needs to be added in future versions, 2627 

see also section 13.1.2. 2628 

30. The HVDC Bipole need to be described. An HVDC Bipole contains two HVDC Poles and has a control 2629 

function that coordinates the two HVDC Poles. A solution is to describe it with a HVDC Bipole class 2630 

that will then be contained by the HVDC Link. See also items 1 and 2.  2631 

 2632 

With the CSC filters in the AC IGM it is then easy for the filter control function to reserve and 2633 
release the filters, e.g. by changing the cim:RegulatingCondEq.controlEnabled flags. If the filter 2634 
control function is located in the DC Substation the cim:RegulatingControl using filters for voltage 2635 
control shall also be in the DC Substation. If  this is not the case the filter control function and the 2636 
cim:RegulatingControl will be in different IGMs which means that references will be cross IGMs 2637 
rather than via the boundary. This in turn breaks the requirement that IGMs shall only depend 2638 
on the boundary, not each other.  2639 

Filter control could be solved by adding the following new classes: 2640 

• CSCFilterControl that describe the inputs, outputs and parameters in the control function. 2641 
The class is made a subtype of cim:Curve. 2642 

• CSCFilters that refer to the filters used at a given level of active power transfer. The class 2643 
is a subclass of CurveData 2644 

• An association between CSCFilterControl and cim:RegulatingControl.  2645 

 2646 
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Annex C HVDC in IEC 61970-600 (informative) 2647 

IEC 61970-301:2020 Edition 7 and IEC 61970-600 have made changes to the HVDC information 2648 
model from IEC 61970-301:2016 Edition 6. The changes are described in this annex. 2649 

To investigate the possible advantage of using the modelling improvement made in IEC 61970 -2650 
600:2021 HVDC information model rather than using the IEC TS 61970-600:2017 HVDC 2651 
information model. Most improvements in IEC 61970-600:2021 are descriptions that better aid 2652 
the understanding of classes, attributes, and roles. Some improvements are additional 2653 
restrictions on data which are important for implementations. 2654 

The DC information model from IEC 61970-600:2021 will not be used in CGM BP which makes this 2655 
annex out of scope for CGM BP. But the annex is kept as a recording of work done based on the 2656 
judgement that might still be useful as input to future improvements and for the purpose of 2657 
completeness. 2658 

The DC changes in IEC 61970-301:2020 Edition 7 and IEC 61970-600 are listed in tables below and 2659 
the column “Incl” stands for include in the CGM BP implementation. A “Yes” in the column means 2660 
the change shall be included and added as a business process rule and restriction to the IEC TS 2661 
61970-600 based information model used for CGM BP. A “No” in the “Incl” column means that 2662 
the attribute is not used in power flow and need not be exchanged for the current scop e of CGM 2663 
build process. 2664 

The tables below describe the information that shall be used in implementations, as a result of 2665 
detailed analysis, for the purpose of steady state analysis and power flow.  2666 

The “Prfl” column indicates the profile.  2667 
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Table 19 ACDCConverter class changes 2668 

Attribute/Role Type of change Change Prfl Incl 

baseS Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

idleLoss Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

maxUdc Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

minUdc Description 

extended 

The minimum voltage on the DC side 

at which the converter should 

operate. It is converters 

configuration data used in power 

flow. 

The attribute shall be a positive 

value. 

EQ Yes 

poleLossP Description 

extended 

The attribute shall be a positive 

value. 

SV Yes 

ratedUdc Description 

extended 

The attribute shall be a positive 

value. 

For instance, a bipolar HVDC link 

with value 200 kV has a 400kV 

difference between the dc lines 

EQ Yes 

resistiveLoss Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

switchingLoss Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

targetPpcc Description 

extended 

Load sign convention is used, i.e. 

positive sign means flow out from a 

node. 

SSH Yes 

targetPpcc Cardinality change Optional SSH Yes 

targetUdc Description 

extended 

The attribute shall be a positive 

value. 

SSH Yes 

targetUdc Cardinality change Optional SSH Yes 

 2669 
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Attribute/Role Type of change Change Prfl Incl 

uc Description 

extended 

Line-to-line converter voltage the 

voltage at the AC side of the valve. It is 

converters state variable, result from 

power flow. The attribute shall be a 

positive value. 

The attribute shall be a positive 

value. 

SV No 

udc Description 

extended 

The attribute shall be a positive 

value. 

SV Yes 

valveU0 Description 

extended 

also called Uvalve. EQ No 

maxP Added attribute Maximum active power limit. The 
value is overwritten by values of 
VsCapabilityCurve, if present. 

An active power order shall be below 

this limit. 

EQ No 

minP Added attribute Minimum active power limit. The 
value is overwritten by values of 
VsCapabilityCurve, if present. 

An active power order shall be above 

this limit. 

EQ No 

ACDCConverterDCTer

minal 

Add role 

descriptions 

A DC converter have DC converter 

terminals. A converter has two DC 

converter terminals. 

EQ Yes 

PccTerminal Delete text The power flow measurement must 

be the sum of all flows into the 

transformer. 

EQ Yes 

 2670 

 2671 

 2672 

 2673 

 2674 

 2675 

 2676 

 2677 

 2678 

 2679 

 2680 

 2681 

 2682 

 2683 
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Table 20 ACDCConverterDCTerminal class changes 2684 

Attribute/Role Type of change Change Prfl Incl 

polarity Description 

extended 

Depending on the converter 

configuration the value shall be set 

as follows: - For a monopole with 

two converter terminals use 

DCPolarityKind ‘positive‘ and 

‘negative‘. - For a bipole or 

symmetric monopole with three 

converter terminals use 

DCPolarityKind ‘positive‘, 

‘middle‘ and ‘negative ‘.  

EQ Yes 

polarity Cardinality change Required EQ Yes 

Table 21 CsConverter class changes 2685 
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Attribute/Role Type of change Change Prfl Incl 

- Class description 

extended 

The firing angle controls the dc 

voltage at the converter, both for 

rectifier and inverter. The difference 

between the dc voltages of the 

rectifier and inverter determines the 

dc current. The extinction angle is 

used to limit the dc voltage at the 

inverter, if needed, and is not used 

in active power control. The firing 

angle, transformer tap position and 

number of connected filters are the 

primary means to control a current 

source dc line. Higher level controls 

are built on top, e.g. dc voltage, dc 

current and active power. From a 

steady state perspective it is 

sufficient to specify the wanted 

active power transfer 

(ACDCConverter.targetPpcc) and the 

control functions will set the dc 

voltage, dc current, firing angle, 

transformer tap position and number 

of connected filters to meet this. 

Therefore, attributes targetAlpha 

and targetGamma are not applicable 

in this case. The reactive power 

consumed by the converter is a 

function of the firing angle, 

transformer tap position and number 

of connected filter, which can be 

approximated with half of the active 

power. The losses is a function of the 

dc voltage and dc current. The 

attributes minAlpha and maxAlpha 

define the range of firing angles for 

rectifier operation between which no 

discrete tap changer action takes 

place. The range is typically 10-18 

degrees. The attributes minGamma 

and maxGamma define the range of 

extinction angles for inverter 

operation between which no discrete 

tap changer action takes place. The 

range is typically 17-20 degrees. 

NA Yes 
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alpha Description 

extended 

Firing angle that determines the dc 

voltage at the converter dc terminal. 

The attribute shall be a positive 

value. 

SV No 

gamma Description 

extended 

It is used to limit the dc voltage at 

the inverter if needed. Typical value 

between 17 degrees and 20 degrees 

for an inverter. 

The attribute shall be a positive 

value. 

SV No 

maxAlpha Description 

extended 

The attribute shall be a positive 

value. 

EQ No 

maxGamma Description 

extended 

The attribute shall be a positive 

value. 

EQ No 

minIdc Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

pPccControl Description added Kind of active power control. SSH Yes 

ratedIdc Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

targetAlpha Description 

extended 

It is only applicable for rectifier if 

continuous tap changer control is 

used. Allowed values are within the 

range 

minAlpha<=targetAlpha<=maxAlpha. 

The attribute shall be a positive 

value. 

SSH No 

targetGamma Description 

extended 

It is only applicable for inverter if 

continuous tap changer control is 

used. Allowed values are within the 

range 

minGamma<=targetGamma<=maxGa

mma. The attribute shall be a 

positive value.”  

SSH No 

targetIdc Description 

extended 

The attribute shall be a positive 

value. 

SSH No 

CSCDynamics Association added 

for DY profile. 

 DY No 

Table 22 CsOperatingModeKind class changes 2686 
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Attribute/Role Type of change Change Prfl Incl 

inverter Description 

extended 

which is the power receiving end. SSH Yes 

rectifier Description 

extended 

which is the power sending end. SSH Yes 

Table 23 CsPpccControlKind class changes 2687 

Attribute/Role Type of change Change Prfl Incl 

activePower Description 

changed 

Control is active power control at AC 

side, at point of common coupling. 

Target is provided by 

ACDCConverter.targetPpcc. 

SSH Yes 

dcVoltage Description 

changed 

Control is DC voltage with target 

value provided by 

ACDCConverter.targetUdc. 

SSH Yes 

dcCurrent Description 

changed 

Control is DC current with target 

value provided by 

CsConverter.targetIdc. 

SSH No 

Table 24 DCBaseTerminal class changes 2688 

Attribute/Role Type of change Change Prfl Incl 

DCNode Description 

changed 

 The DC connectivity node to which 

this DC base terminal connects with 

zero impedance. 

EQ Yes 

Table 25 DCConductingEquipment class changes 2689 

Attribute/Role Type of change Change Prfl Incl 

ratedUdc New attribute Rated converter DC voltage, also called 
UdN. The attribute shall be a positive 
value. It is converters configuration data 
used in power flow. For instance, a 
bipolar HVDC link with value 200 kV has 
a 400kV difference between the dc lines. 

EQ No 

DcTerminal Description added A DC conducting equipment has DC 

terminals. 

EQ Yes 

Table 26 DCConverterUnit class changes 2690 
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Attribute/Role Type of change Change Prfl Incl 

operationMode Description added The operating mode of an HVDC Bipole 
(bipolar, monopolar metallic return, 
etc). 

EQ Yes 

Substation Description added The containing substation of the DC 

converter unit. 

EQ Yes 

Table 27 DCEquipmentContainer class changes 2691 

Attribute/Role Type of change Change Prfl Incl 

DCNode Description added The DC nodes contained in the DC 

equipment container. 

TP Yes 

DCTopologicalNode Description added The topological nodes which belong 

to this connectivity node container.  

TP Yes 

Table 28 DCLine class changes 2692 

Attribute/Role Type of change Change Prfl Incl 

Region Description added The SubGeographicalRegion 

containing the DC line. 

EQ Yes 

Table 29 DCNode class changes 2693 

Attribute/Role Type of change Change Prfl Incl 

DCTopologicalNode Description added The DC topological node to which 

this DC connectivity node is 

assigned.  May depend on the 

current state of switches in the 

network. 

TP Yes 

DCTerminals Description added DC base terminals interconnected 

with zero impedance at a this DC 

connectivity node. 

EQ Yes 

Table 30 DCPolarityKind class changes 2694 
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Attribute/Role Type of change Change Prfl Incl 

positive Description 

extended 

The converter terminal is intended 

to operate at a positive voltage 

relative the midpoint or negative 

terminal. 

EQ Yes 

middle Description 

extended 

The converter terminal is the 

midpoint in a bipolar or symmetric 

monopole configuration. The 

midpoint can be grounded and/or 

have a metallic return. 

EQ Yes 

negative Description 

extended 

The converter terminal is intended 

to operate at a negative voltage 

relative the midpoint or positive 

terminal. 

EQ Yes 

Table 31 DCSeriesDevice class changes 2695 

Attribute/Role Type of change Change Prfl Incl 

ratedUdc Deleted inherited from: 

DCConductingEquipment 

EQ No 

Table 32 DCShunt class changes 2696 

Attribute/Role Type of change Change Prfl Incl 

ratedUdc Deleted inherited from: 

DCConductingEquipment 

EQ No 

Table 33 DCTopologicalIsland class changes 2697 

Attribute/Role Type of change Change Prfl Incl 

DCTopologicalNode Description added The DC topological nodes in a DC 

topological island. 

TP Yes 

Table 34 VsConverter class changes 2698 



  

– Page 121 of 132 –  

European Network of 

Transmission System Operators for 

Electricity 

ENTSO-E CGM BUILDING PROCESS IMPLEMENTATION GUIDE AC and DC PART 

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  
 

Attribute/Role Type of change Change Prfl Incl 

delta Description 

extended 

The attribute shall be a positive 

value or zero. 

SV No 

droop Description 

extended 

Unit changed 

The attribute shall be a positive 

value. 

modified the unit to PU 

SSH No 

droop Cardinality change Optional SSH No 

droopCompensation Description 

extended 

clarified that it is resistance  

The attribute shall be a positive 

value. 

SSH No 

droopCompensation Cardinality change Optional SSH No 

maxValveCurrent Attribute deleted  NA No 

qPccControl Description added Kind of reactive power control. SSH Yes 

qShare Description 

extended 

The attribute shall be a positive 

value or zero. 

SSH Yes 

qShare Cardinality change Optional SSH Yes 

targetQpcc Description 

extended 

Load sign convention is used, i.e. 

positive sign means flow out from a 

node. 

SSH Yes 

targetQpcc Cardinality change Optional SSH Yes 

targetUpcc Description 

extended 

The attribute shall be a positive 

value. 

SSH Yes 

targetUpcc Cardinality change Optional SSH Yes 

uv Renamed from uf 

Description 

changed 

Line-to-line voltage on the valve side 

of the converter transformer. It is 

convert’s state variable, result from 

power flow. The attribute shall be a 

positive value. 

SV No 

targetPowerfactorPc

c 

New attribute Power factor target at the AC side, at 
point of common coupling. The 
attribute shall be a positive value. 

SSH No 

targetPhasePcc New attribute Phase target at AC side, at point of 

common coupling. The attribute shall 

be a positive value. 

SSH No 

targetPWMfactor New attribute Magnitude of pulse-modulation 
factor. The attribute shall be a 
positive value. 

SSH No 
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VSCDynamics New role in DY 

profile 

 DY No 

maxModulationIndex No change  SSH No 

maxValvecurrent No change  EQ No 

Table 35 VsPpccControlKind class changes 2699 

Attribute/Role Type of change Change Prfl Incl 

pPcc Description 

extended 

The target value is provided by 

ACDCConverter.targetPpcc. 

SSH Yes 

udc Description 

changed 

with target value provided by 

ACDCConverter.targetUdc. 

SSH Yes 

pPccAndUdcDroop Description 

extended 

Target values are provided by 

ACDCConverter.targetPpcc, 

ACDCConverter.targetUdc and 

VsConverter.droop. 

SSH No 

pPccAndUdcDroopWi

thCompensation 

Description 

extended 

Targets are provided by 

ACDCConverter.targetPpcc, 

ACDCConverter.targetUdc, 

VsConverter.droop and 

VsConverter.droopCompensation. 

SSH No 

pPccAndUdcDroopPil

ot 

Description 

extended 

The mode is used for Multi Terminal 

High Voltage DC (MTDC) systems 

where multiple HVDC Substations 

are connected to the HVDC 

transmission lines. The pilot voltage 

is then used to coordinate the 

control the DC voltage across the 

HVDC substations. Targets are 

provided by 

ACDCConverter.targetPpcc, 

ACDCConverter.targetUdc and  

VsConverter.droop. 

SSH No 

phasePcc New attribute Control is phase at point of common 
coupling. Target is provided by 
VsConverter.targetPhasePcc. 

SSH No 

Table 36 VsQpccControlKind class changes 2700 
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Attribute/Role Type of 

change 

Change Prfl Incl 

- Class 

description 

added 

Types applicable to the control of real 
power and/or DC voltage by voltage 
source converter. 

SSH Yes 

reactivePcc Description 

extended 

Control is reactive power at point of 

common coupling. Target is provided 

by VsConverter.targetQpcc. 

SSH Yes 

voltagePcc Description 

extended 

Control is voltage at point of common 

coupling. Target is provided by 

VsConverter.targetUpcc. 

SSH Yes 

powerFactorPcc Description 

extended 

Control is power factor at point of 

common coupling. Target is provided 

by VsConverter.targetPowerFactorPcc.  

SSH Yes 

pulseWidthModulation New attribute No explicit control. Pulse-modulation 
factor is directly set in magnitude 
(VsConverter.targetPWMfactor) and 
phase (VsConverter.targetPhasePcc). 

SSH No 

Table 37 DCLineSegment class changes 2701 

Attribute/Role Type of change Change Prfl Incl 

capacitance Cardinality change Required EQ Yes 

resistance Description 

extended 

The attribute shall be a positive 

value. 

EQ Yes 

Table 38 PerLengthDCLineParameter class changes 2702 

Attribute/Role Type of change Change Prfl Incl 

- Class deleted  EQ Yes 

Table 39 BoundaryPoint class changes (not in DC) 2703 

Class/Attribute/Ro

le 

Type of change Change Prfl Incl 

BoundaryPoint  New class  No 

isDirectCurrent Used in DC  EQ&

TP 

No 

isExcludedFromAreaI

nterchange 

Used in DC  EQ&

TP 

No 

Table 40 Class rules 2704 
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Class Attribute/Role Rule Incl 

DCGround - At least one DCGround shall be defined for 

each dc circuit 

Yes 
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Equipment EquipmentContaine

r 

ProtectedSwitch (Breaker, 

DisconnectingCircuitBreaker, 

LoadBreakSwitch) the association shall point 

to EquipmentContainer of type Bay, Line or 

DCConverterUnit. 

SeriesCompensator the association shall 

point to EquipmentContainer of type 

VoltageLevel when in substation, 

DCConverterUnit or Line when outside 

substation. 

PowerTransfomer the association shall point 

to EquipmentContainer of type Substation or 

DCConverterUnit.  

Disconnector the association shall point to 

EquipmentContainer of type Bay, 

VoltageLevel, DCConverterUnit or Line when 

outside substation.  

GroundDisconnector the association shall 

point to EquipmentContainer of type Bay, 

VoltageLevel, DCConverterUnit or Line when 

outside substation.  

Fuse the association shall point to 

EquipmentContainer of type Bay, 

VoltageLevel, DCConverterUnit or Line when 

outside substation. 

Jumper the association shall point to 

EquipmentContainer of type Bay, 

VoltageLevel, DCConverterUnit or Line when 

outside substation.  

Cut the association shall point to 

EquipmentContainer of type Bay, 

VoltageLevel or DCConverterUnit or Line 

when outside substation. 

DCSwitch (DCDisconnector, DCBreaker) the 

association shall point to 

EquipmentContainer of type 

DCConverterUnit. 

DCGround the association shall point to 

EquipmentContainer of type 

DCConverterUnit. 

DCBusbar the association shall point to 

EquipmentContainer of type 

DCConverterUnit. 

DCChopper the association shall point to 
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EquipmentContainer of type 

DCConverterUnit. 

DCShunt the association shall point to 

EquipmentContainer of type 

DCConverterUnit. 

DCSeriesDevice the association shall point to 

EquipmentContainer of type 

DCConverterUnit. 

DCLineSegment the association shall point to 

EquipmentContainer of type DCLine. In the 

case of modelling back to back configuration 

the association shall point to 

EquipmentContainer of type Substation.  

ACDCConverter (CsConverter, VsConverter) 

the association shall point to 

DCEquipmentContainer of type 

DCConverterUnit. In this case the association 

DCConverterUnit.Substation is required.  

EquivalentInjection  If EquivalentInjection.regulationCapability in 

EQ is true, then 

EquivalentInjection.regulationStatus and 

EquivalentInjection.regulationTarget are 

required in SSH. If 

EquivalentInjection.regulationCapability in 

EQ is false, then 

EquivalentInjection.regulationStatus and 

EquivalentInjection.regulationTarget are not 

exchanged in SSH. If EquivalentInjection 

connects to a BoundaryPoint with flag 

isDirectCurrent=false (meaning this is not 

HVDC), the 

EquivalentInjection.regulationCapability in 

EQ shall be set to false and there shall not be 

a ReactiveCapabilityCurve associated.  
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ACDCConverter  The target values and related attributes for 

ACDCConverter and its subclasses are 

optional in SSH. However, depending on the 

control mode of the converter some of the 

attributes shall be considered as required. 

The description of the control modes in the 

enumerations CsPpccControlKind, 

VsPpccControlKind and VsQpccControlKind 

provide information on necessary attributes 

which are then considered required 

attributes for each control mode in SSH. 

 

As an advice, when eventually moving from IEC TS 61970-600:2016 [1] to IEC 61970-600:2021 [8] 2705 
the following changes need attention: 2706 

• The attribute ratedUdc that is moved to the base class DCConductingEquipment that 2707 
means a name change of this attribute in the EQ CIMXML file.  2708 



  

– Page 128 of 132 –  

European Network of 

Transmission System Operators for 

Electricity 

ENTSO-E CGM BUILDING PROCESS IMPLEMENTATION GUIDE AC and DC PART 

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  
 

Annex D HVDC Technology (Informative) 2709 

The below discussion is based on Figure 20. 2710 

The dc current in an HVDC Pole is determined by the voltage difference between the rectifier and 2711 
inverter, i.e., idcx = (udcx[r]-udcx[i])/Rx. To maintain the power flow from the rectifier to the 2712 
inverter the inverter keeps a constant voltage udcx[i] and the rectifier controls the dc current by 2713 
varying the voltage udcx[r]. To accomplish this udcx[r] is bigger than udcx[i] and kept close to 2714 
ratedUdc. Hence the cim:CsPpccControlKind seem to mix two levels of control as the 2715 
cim:CsPpccControlKind.activePower relates to the HVDC Pole control while the 2716 
cim:CsPpccControlKind.dcVoltage and cim:CsPpccControlKind.dcCurrent rela tes to 2717 
cim:CsConverter control, see section Annex A for a description of the control modes. 2718 

How the dc voltage depends on the ac voltage, tap position and firing/exti nction angles is 2719 
described by the formulas below. 2720 

𝑈𝐷𝐶[𝑟𝑒𝑐𝑡𝑖𝑓𝑖𝑒𝑟] = 𝑈𝐷𝐶0 ∗ 𝑐𝑜𝑠(α) −
3𝑋𝑡𝑟

2π
𝐼𝐷𝐶  2721 

𝑈𝐷𝐶[𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟] = 𝑈𝐷𝐶0 ∗ 𝑐𝑜𝑠(𝛾) −
3𝑋𝑡𝑟

2π
𝐼𝐷𝐶  2722 

𝑈𝐷𝐶0 =
3√2

π
∗ 𝑡𝑎𝑝𝑟𝑎𝑡𝑖𝑜 ∗ 𝑈𝐴𝐶  2723 

Where 2724 

• 𝑈𝐷𝐶[𝑥𝑥𝑥𝑥𝑥𝑥𝑥] is cim:ACDCConverter.udc at the rectifier and inverter. 2725 

• 𝑈𝐷𝐶0 is the rated dc voltage 2726 

• 𝐼𝐷𝐶 is the cim:ACDCConverter.idc. 2727 

• 𝑋𝑡𝑟 is the impedance at the transformer including any series reactance.  2728 

• α is the firing angle cim:ACDCConverter.alpha.  2729 

• 𝛾 is the extinction angle cim:ACDCConverter.gamma. 2730 

• 𝑡𝑎𝑝𝑟𝑎𝑡𝑖𝑜 is the quotient between the AC voltages at each side of the transformer.  2731 

• 𝑈𝐴𝐶  is the voltage at the AC bus. 2732 

To be able to use these formulas the control function determining the firing/ex tinction angles 2733 
and tap positions must also be known. The control function uses the firing and extinction angle 2734 
to change the dc voltage (Udc) and when the limits for these angles are reached the tap position 2735 
is changed so the angles are moved to middle between the angle limits.  2736 

The injected power at the rectifier is P1 = udc1*idc. To compute the power delivered by the 2737 
inverter we need to subtract all the losses in the HVDC Pole from P1 as showed by the second 2738 
equation in Figure 19. The losses (Ploss) are a function of Idc as shown by the third equation in 2739 
Figure 19. To compute Idc we can decide on a value for Udc1. As the losses increase with the 2740 
square of the current a high value will minimize the losses. For this reason the rated voltage 2741 
(cim:ACDCConverter.ratedUdc) is used.  2742 

An algorithm to compute the transferred power p[i] from the inverter at a given active power 2743 
sent from the rectifier is 2744 

• The active power p[r] at the rectifier is targetPpcc[pole] from the level 2, in this case an 2745 
HVDC Bipole. The value is picked up from the HVDC Pole schedules for this boundary point.  2746 

• Compute the dc current at the rated voltage at given active power transfer at the rectifier  2747 
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• idc = p[r]/ratedUdc  2748 

• Compute the losses at this current  2749 

• poleLossP = idleLoss + switchingLoss*|idc| + resitiveLoss* idc 2   2750 

• Compute the power delivered by the inverter as p[i] = -(p[r] – poleLossP). This is the value 2751 
at EI.p at the inverter. 2752 

All parameters above are from the cim:ACDConverter, cim:CsConverter or 2753 
cim:EquivalentInjection.p (EI.p) if nothing else indicated.   2754 

The above algorithm put all the losses at the inverter side assuming that the HVDC Pole schedules 2755 
already considered how the losses are split  2756 

Shunt capacity is used keep cos(φ) = 1 so that no reactive power is pulled from the AC network. 2757 
The harmonics filtering has priority over getting cos(φ) = 1 which could result in production of 2758 
more reactive power than consumed by the converter which tend to raise or lower the voltage. 2759 
Over voltages are reduced by use of shunt reactors or static var compensators.  2760 

The reactive power consumed by a current source converter is roughly 45 to 65 percent of the 2761 
transferred active power. The curve in Figure 25 show how the reactive power consumption 2762 
typically depends on the active power transfer at fix firing and extinction angles.  2763 

Figure 25 in section 12.1.3 show how the reactive power consumption increase more than linearly 2764 
with increasing active power transfer due to increased current lag resulting in decreasing power 2765 
factor cos(φ). The reactive power consumption is also dependent on the firing and extinction 2766 
angles as shown in Figure 25. Both angles are kept in a small range which avoids big changes in 2767 
reactive power consumption due to angle variations, a typical range for the extinction angle is 2768 
indicated by the dashed lines in Figure 25. Due to this the shunt control needs to switch capacitors 2769 
or reactors in or out to provide reactive power matching the reactive power consumption, this is 2770 
regular voltage control. The reactive power consumption by a converter is described by a function 2771 
Q = q(P). Detailed formulas for q(P) can be found in IEC 61970-301:2020 (Edition 7) and in HVDC 2772 
literature, e.g., [10]. Assuming that the firing/extinction angles is considered fixed a commonly 2773 
used simplified formula is Q=P/2 or Q=0.6*P. A better approximation is Q=P*sqrt((udc/udc0) 2 -1) 2774 
where udc is the dc voltage and udc0 is the rated dc voltage.  2775 

For a business process where the active power transfer is known but not the r eactive power 2776 
consumption (e.g., 1D and 2D) a formula for computing it is useful.  2777 

For a VsConverter the tap changer does not have the same active role in controlling the power 2778 
transfer as in a CsConverter which means that voltage Uv is stable. This means t he angle δ and 2779 
amplitude of Uc are the two controlled entities. The quotient Uc and Udc amplitudes, called the 2780 
modulation index, is used to control the Uc amplitude and the reactive power flow.  2781 

As the VsConverter active and reactive power control is continuous and decoupled it is simpler 2782 
to describe for use in power flow calculations than for a CsConverter where converter reactive 2783 
power consumption and harmonics filtering must be described.  2784 

Figure 19 show a complete HVDC Pole for a monopole with metallic ground return. The active 2785 
power flow across the DCLineSegment follow the same equation as for the CsConverter  2786 

• idc = (udc[r] – udc[i])/R where R = cim:DCLinesegment.resistance. 2787 

• p[r] = udc[r]*idc = udc[r]* (udc[r] – udc[i])/R 2788 

The side sending active power is referred to as the “rectifier” indexed [r] and the side receiving 2789 
active power as the “inverter” indexed [i].  2790 
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The sides operate like a CsConverter were 2791 

• The sending side in Figure 19 determines the active power flow by controlling the 2792 
difference udc[r] – udc[i]. As udc[i] is not available the angle δ, that is measured, is used 2793 
instead. 2794 

• The receiving side determines the voltage udc[i].  2795 

Each side control their own reactive power exchange with the AC system.  2796 

There are numerous ways to create the PWM pulses and how this is done is outside the scope of 2797 
this document.  2798 

The losses are computed the same formula as for CsConverters  2799 

• poleLossP[1] = idleLoss + switchingLoss*|Idc| + resistiveLoss* Idc 2 . 2800 

IEC 61970-301:2020 has a formula with an additional linear resistiveLoss term which may be an 2801 
error. 2802 

 2803 
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Annex E Not applicable classes and attributes (Informative) 2804 

There are several attributes that are not used but being exchanged in IGMs. Some are defined in 2805 
the CGMES and some in canonical CIM, which is only applicable for CGMES v2.4. This information 2806 
is only an example as such information may change over time and cannot be kept up to date. 2807 
Therefore, the table does not imply restrictions.  2808 

Table 41 Not applicable classes or attributes 2809 

Attribute Defined in Comment 

EquivalentBranch.r21 

EquivalentBranch.x21 

CGMES The attributes EquivalentBranch.r21 

and EquivalentBranch.x21 shall be 

symmetric, i.e., have the same values as 

EquivalentBranch.r and 

EquivalentBranch.x. For this reason, 

they are not needed and shall not be 

used. 

PhaseTapChangerNonLinear.xMin CGMES This attribute is redundant with 

PhaseTapChangerNonLinear.xMax and 

shall not be used. 

GeneratingUnit.initialP CGMES This attribute can be used as a starting 

point to power flow when no other data 

is available. The SSH file contains all the 

needed inputs. 

VoltageLevel.highVoltageLimit 

VoltageLevel.lowVoltageLimit 

CGMES The limits used are from 

OperationalLimits, these attributes are 

not used. 

EnergyConsumer.pfixed  

EnergyConsumer.qfixed 

EnergyConsumer.pfixedPct 

EnergyConsumer.qfixedPct  

CGMES This attribute can be used to create a 

starting point to power flow when no 

other data is available. The SSH file 

contains all the needed inputs.  

SeriesCompensator.varistorPresent 

SeriesCompensator.varistorRatedCurrent  

SeriesCompensator.varistorThresholdVoltage 

CGMES These attributes are used for over 

voltage protection and are not 

applicable. 

ShuntCompensator.switchOnCount 

ShuntCompensator.switchOnDate 

CGMES These attributes are used for asset 

health supervision and are not 

applicable. 

BusNameMarker CGMES This class is used in node breaker 

models and topology processing to 

generate cim:TopologicalNode-s with 

the same name and ID. Currently not 

applicable but may be in the future.  

 2810 
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Attribute Defined 

in 

Comment 

Meas package classes 

Accumulator, AccumulatorLimit, 

AccumulatorLimitSet, AccumulatorReset, 

AccumulatorValue, Analog, AnalogLimit 

AnalogLimitSet, AnalogValue, Command 

Discrete, DiscreteValue, 

MeasurementValueQuality, 

MeasurementValueSource, 

RaiseLowerCommand, SetPoint 

StringMeasurement, StringMeasurementValue 

ValueAliasSet, ValueToAlias 

CGMES These attributes are used to describe 

measurements, e.g., in a SCADA/EMS, 

and are not applicable. 

Pattern data 

Season, DayType, ConformLoadSchedule, 

NonConformLoadSchedule, RegulationSchedule, 

SwitchSchedule 

TapSchedule 

CGMES These classes are used to set up power 

flow inputs, e.g., loads and switch 

position. Not applicable as this 

information is already in the SSH.  

In the future they could be used to 

support creation of SSH. 

Junction CGMES This class is currently used in the 

boundary in case geographical location 

information is needed. In CGMES v3 the 

class is no longer needed as locations 

are managed by the new class 

BoundaryPoint. The class shall not be 

used. 

Real time operational information 

OperatingParticipant 

OperatingShare, ReportingGroup 

CGMES The use of these classes is not well 

defined. Some use them as a way to 

determine joint operational 

responsibilities, not applicable. 

 2811 


