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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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European foreword (to be replaced with IEC IS foreword) 

This document (EN 50631-1:2023) has been prepared by WG 7 “Smart Household Appliances” of CLC/TC 59X 
“Performance of household and similar electrical appliances”. 

The following dates are fixed: 

• latest date by which this document has to be 
implemented at national level by publication of 
an identical national standard or by 
endorsement 

(dop) 2024-02-07 

• latest date by which the national standards 
conflicting with this document have to be 
withdrawn 

(dow) 2026-02-07 

This document supersedes EN 50631-1:2017 and all of its amendments and corrigenda (if any). 

EN 50631-1:2023 includes the following significant technical changes with respect to EN 50631-1:2017: 

— Simplified adoption of the series of standards through logical partitioning of the document structure; 

— Ensured interoperability through more precise, neutral definition of information and sequences to be 
exchanged; 

— Neutralization of requirements and description of information to be exchanged on a generic level, permitting 
mapping to different data models and languages; 

— Extension of use cases and data models to Heating, Ventilation, Cooling devices for a holistic approach 
regarding energy management at home / on premises; 

— Definition of possible transport protocols to ensure more complete interoperability; 

— Primary focus on energy management; 

— Preparation for further developments. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CENELEC shall not be held responsible for identifying any or all such patent rights. 

Any feedback and questions on this document should be directed to the users’ national committee. A complete 
listing of these bodies can be found on the CENELEC website.
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Introduction 1 

Energy management systems will more and more become necessary due to change from fossil and nuclear to 2 
renewable production and the associated decentralization. Since an appropriate standard for a home and 3 
building management is in preparation, this document specifies how sets of products from multiple 4 
manufacturers can exchange information with Home and Building / Customer Energy Management Systems, 5 
located in a home network or in the cloud. 6 

This document focuses on interoperability of household appliances and describes the necessary control and 7 
monitoring. It defines a set of functions of household and similar electrical appliances. The functions in this 8 
document cover next to energy-management main remote-control and – monitoring use cases. 9 

This document does not deal with safety and security requirements. Safety requirements have been set in the 10 
EN 60335 series [2]. 11 

The EN 50631 series will provide interoperability on information exchange among various appliances in the 12 
home. The EN 50631 document series will be re-arranged regarding the further development and will be split 13 
into 6 parts: 14 

EN 50631-1, Household appliances network and grid connectivity — Part 1: General Requirements, Generic 15 
Data Modelling and Neutral Messages 16 

EN 50631-2, Household appliances network and grid connectivity — Part 2: Product Specific mappings, details, 17 
requirements and deviations 18 

EN 50631-3-x, Household appliances network and grid connectivity — Part 3: Specific Data Model Mapping 19 

EN 50631-4-x, Household appliances network and grid connectivity — Part 4: Communication Protocol Specific 20 
Aspects 21 

EN 50631-5, Household appliances network and grid connectivity — Part 5: General Test-Requirements and - 22 
Specification 23 

EN 50631-6, Household appliances network and grid connectivity — Part 6: SPINE Data Model Toolbox 24 

Data communication heavily depends on the environment of appliances. Sometimes low bitrate or energy 25 
efficient communication puts strict requirements to selected communication technologies. Therefore, popular 26 
and de facto standards had been and will be developed by the industry to fulfil such requirements. To not 27 
influence common data modelling for appliances because of such restrictions, the standardized data models 28 
and neutral message structures need to be applied to communication technologies. 29 

This standard series therefore is intended to separate data modelling and neutral message structure from the 30 
attached communication. 31 

Part 1 defines general requirements, generic data modelling and generic neutral messages without relation to 32 
any specific communication technology or any product specific layout. 33 

Part 2 lists and specifies product specific requirements and implementation guidance based on the generic data 34 
model and generic neutral messages. 35 

Part 3 defines the mapping of neutral messages to examples of typical data models like SPINE, SPINE-IoT, 36 
OCF, and so forth. These data models are neither mandatory nor to be seen as complete spectrum of data 37 
models. 38 

Part 4 defines the mapping of neutral messages to examples of typical communication protocols. These 39 
communication protocols are neither mandatory, nor do they provide an exhaustive list of communication 40 
protocols. 41 

Part 5 defines testing requirements and testing specifications. This part will be covered in the future by a New 42 
Work Item Proposal. 43 

Part 6 provides the technical reference specification for the SPINE data model. This part will be covered in the 44 
future by a New Work Item Proposal. 45 
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1 Scope 46 

This document defines data models for Interoperable Connected Household Appliances. The data models are 47 
derived from a logical decomposition of use cases into functional blocks that themselves were realized by 48 
abstract actions on the data model itself. 49 

This document is part of the EN 50631 series, which defines the information exchange between Smart 50 
Appliances and management systems in homes and buildings including energy management. 51 

2 Normative references 52 

There are no normative references in this document. 53 

3 Terms and definitions 54 

For the purposes of this document, the following terms and definitions apply. 55 

ISO and IEC maintain terminological databases for use in standardization at the following addresses:  56 

— ISO Online browsing platform: available at https://www.iso.org/obp  57 

— IEC Electropedia: available at https://www.electropedia.org/ 58 

3.1 59 
“alternatives” group 60 
grouping of one or more Power sequences over a specified time 61 

3.2 62 
appliance 63 
electrical apparatus intended for household or similar use 64 

EXAMPLES Refrigerators, dishwashers, clothes washers, clothes dryers, air conditioners, water heaters, circulation 65 
pumps, heat pumps, etc. 66 

3.3 67 
Appliance Energy Flexibility 68 
ability of an appliance to change power consumption in response to an external stimulus 69 

3.4 70 
client 71 
role that specifies that a node uses data from a “server” or can request for change 72 

3.5 73 
command 74 
functional part of a Message 75 

3.6 76 
CCM 77 
Customer Connectivity Manager 78 
component or set of functions with the capability to: 79 

1.   Receive and process Grid Information, Appliance Information and User Instructions, and 80 

2.   Manage one or more Smart Appliances 81 

Note 1 to entry: A CCM may be integrated with a Smart Appliance or may be physically separate. 82 

Note 2 to entry: A CCM manages the energy-using behaviour as well as other aspects of device behaviour (e.g. setting of 83 
job status like starting, stopping, pausing, parameters like temperature, notifications...) of one or more Smart Appliances. 84 
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Note 3 to entry: In other documentation, CCM is often called Customer Energy Manager (CEM) with a dedicated focus on 85 
energy management or called Energy Management System (EMS) with a dedicated focus on energy management. 86 

3.7 87 
data model 88 
definition of possible data (data structures, values) for the exchange of information (especially for 89 
communications systems) 90 

[SOURCE: IEC 60050, IEV] 91 

3.8 92 
Demand Response 93 
DR 94 
action resulting from management of the electricity demand in response to supply conditions 95 

[SOURCE: IEC 60050, IEV] 96 

3.9 97 
Demand Side Management 98 
DSM 99 
process that is intended to influence the quantity or patterns of use of electric energy consumed by end-use 100 
customers 101 

3.10 102 
DHW 103 
Domestic Hot Water 104 

3.11 105 
grid information 106 
information received by a CCM directly from or relating to the electricity grid 107 

Note 1 to entry: Such information may include (but is not restricted to) the following categories: 108 

—   current and future energy prices; 109 

—   current and future network constraints; 110 

—   emissions-intensity of electricity supply; 111 

—   level of renewable energy generation; 112 

—   requests or instructions for load modification; 113 

—   directly sensed information (e.g. frequency and voltage). 114 

3.12 115 
interoperability 116 
property permitting smart appliances and energy management systems in homes and buildings to exchange 117 
data together for the purpose of energy management 118 

[SOURCE: IEC 60050, IEV] 119 

3.13 120 
HAN 121 
Home Area Network 122 
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3.14 123 
JWG 124 
Joint Working Group 125 
Joint working Group Use Cases & Requirements is a working group under the roof of IEC/TC 57/WG 21; it is a 126 
cross functional working group and develops Smart Grid and Smart Home & Building related user stories and 127 
use cases 128 

Note 1 to entry: See IEC/TR 62746-2:2015 Use cases and requirements [1] 129 

3.15 130 
manual operation 131 
operation of a Device under direct user control 132 

Note 1 to entry: Includes operation under the influence of remote controls provided with the appliance or device. 133 

3.16 134 
manual override 135 
return to Normal User Operation that terminates or prevents a period of Smart Operation, that is initiated by the 136 
User 137 

3.17 138 
neutral message 139 
information exchange that is independent of any specific communication solution 140 

Note 1 to entry: EN 50631-4-1) describes the mapping of neutral messages to examples of typical communication 141 
protocols. 142 

3.18 143 
power sequence 144 
expected power consumption over time (i.e., represented as a “curve” of power over time) including options on 145 
its flexibility 146 

3.19 147 
power slot 148 
single step of a Power sequence; each power slot is modelled with at least one constant power value for its 149 
duration 150 

3.20 151 
RMS 152 
rms 153 
abbreviation for “root mean square” (used for electricity measurement) 154 

3.21 155 
scope 156 
Scope Type 157 
definition of scope types to allow identification of specific functionalities unambiguously 158 

EXAMPLE outsideAirTemperature 159 

3.22 160 
server 161 
role that specifies that a node offers own data to be read or written by a node with role client 162 

Note 1 to entry: A server can notify its data to other nodes (with role client). 163 
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3.23 164 
smart appliance 165 
appliance that is capable of Smart Operation 166 

Note 1 to entry: Notwithstanding the possibly broader concept related to the term “smart appliance”, a smart appliance 167 
under the framework of this document needs to be understood as follows: 168 

1)   It is an appliance that can respond to an external stimulus initiated by a CCM and/or Remote Agent to provide 169 
activities such as 170 

a.   Support Appliance Energy Flexibility 171 

b.   job status related functions such as starting, stopping, pausing, 172 

c.   content or level related functions such as temperature, door status; 173 

2)   The appliance will respond when the user sets conditions and its status allows for a response, 174 

3)   The response is a change of the appliance’s behaviour like electricity consumption, job status and/or level or 175 
content pattern, or a notification thereof; 176 

4)   The specific technical smart capabilities need not be activated when the product is placed on the market; the 177 
activation can be done at a later point in time by the consumer or a service provider. 178 

Note 2 to entry: Smart appliances in this context can communicate through a Customer Connectivity Manager function 179 
processing external signals, such as price information or availability of Renewable Energy Sources (demand response), or 180 
direct control signals (demand side management), being able to consider households’ preferences or the behaviour of the 181 
other home appliances. 182 

3.24 183 
smart operation 184 
operation of an Appliance where the CCM has been set to modify operation automatically in response to Trigger 185 
Criteria 186 

Note 1 to entry: Smart operation may be initiated by a CCM. 187 

3.25 188 
SPINE 189 
Smart Premises Interoperable Neutral-message Exchange 190 

3.26 191 
SPINE-IoT 192 
Smart Premises Interoperable Neutral-message Exchange for Internet of Things 193 

3.27 194 
subscription 195 
functionality that enables the receiving of messages of interest from another device without polling it 196 

3.28 197 
use case 198 
textual description of a re-usable functionality, consisting of one or more messages from one or more 199 
participating actors, which may be visualized with a sequence diagram 200 

EXAMPLE “A CCM shifts the energy usage of a washing machine” 201 
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3.29 202 
Use Case Functions 203 
functions which group basic functionalities that had been derived from use cases, and which provide the entire 204 
information exchange required to implement the considered use cases and user stories 205 

3.30 206 
user story 207 
complete (but specific) business case described from the perspective of a user which can be separated into 208 
several use cases 209 

EXAMPLE “The user wants to get the laundry done by 8:00 pm” 210 

4 Process and requirements to enable interoperability 211 

4.1 Introduction 212 

Energy management systems will more and more become a requirement due to the switch from fossil and 213 
nuclear to renewable production and the associated decentralization. The success of energy management is 214 
highly dependent on interoperability of the smart appliances within the premises, which means that all devices 215 
will need a common, manufacturer-independent and brand-independent understanding of messages and data 216 
(in a broader perspective, it does not matter if it is an energy-related message, a home management message 217 
or an information message); see also [8]. 218 

This document specifies how different products from different manufacturers can exchange information with 219 
Home and Building / Customer Energy Management Systems located in a home network or in the cloud. It 220 
defines a set of functions of household and similar electrical appliances covering energy management, remote 221 
control and monitoring. 222 

There exist different networking technologies for interoperability in Homes and Buildings. Regardless of the 223 
communication technology, they all have rules or standards (collectively known as protocols) that define the 224 
syntax, semantics and synchronization of communication and error recovery methods which have to be taken 225 
into account when defining specific protocols used for the scope. EN 50631-4 defines this process. 226 

4.2 Process 227 

The Smart Grid Architecture Model (SGAM) [9], published by the Smart Grid Coordination Group based on EU 228 
mandate M/490, defines five interoperability layers representing business objectives and processes, functions, 229 
information exchange and models, communication protocols and components. 230 

Figure 1 shows the interoperability layer and the corresponding domains and zones, defined in the SGAM 231 
Model. 232 
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 233 

Figure 1 — SGAM Framework (from [9]) 234 

In analogy to the SGAM Framework, this series of documents uses a top-down process and sequence of steps 235 
to describe an open interface for integrating with Smart Appliances within the Customer Premises SGAM 236 
domain (see Figure 2). 237 

 238 

Figure 2 — Process used in this document 239 

User stories and derived use cases are collections of ideas how to use Smart Appliances. User stories and use 240 
cases are not binding and describe one possible solution (see Clause 6 and 7). However, they can be used to 241 
deduce common Use Case Functions which can be used/referenced in certain use cases. 242 

Use Case Functions (see Clause 8) contain a set of information and instructions to be exchanged between two 243 
peers such as CCM and Device, described as a data model. 244 
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The data model needs to be placed into a message, combined with rules like addressing scheme, capabilities 245 
of addressee and so forth. As this is specific to the protocol(s) at hand, this mapping to specific protocols has 246 
been split out of this document into EN 50631-4-x. 247 

4.3 Architecture 248 

In general, a Smart Appliance connects to a CCM, but has in principle three operation modes: 249 

— Standalone: The end user directly controls the Smart Appliance and all its functionality. 250 

— Local: The Smart Appliance is connected to a local CCM via the HAN. 251 

— IoT/Cloud: The Smart Appliance communicates via its cloud representation or directly with an IoT/cloud 252 
based CCM. 253 

NOTE As described in 3.6, the CCM manages the energy-using behaviour and may as well manage other aspects of 254 
device behaviour. Thus, in Figure 4, it represents a logical component that in reality may be represented by one or more 255 
physical and/or logical entities. According to EN 50491-12-x, for example, it might represent the combination of a Customer 256 
Energy Manager (CEM) and a Resource Manager. EN 50631 does not prescribe the architecture of the CCM. 257 

This document will describe further in detail the local and IoT/Cloud operation modes. The standalone mode is 258 
not described in this document. 259 

Figure 3 describes the application of EN 50631 series for the local and IoT/Cloud based operating modes. 260 

 261 

Figure 3 — Application of EN 50631 series for the local and IoT/Cloud based operating modes 262 

As the Use Case Functions are described in a general way without detailing the mapping of the information 263 
content to specific protocols, it is possible to refer to these Use Case Functions both in a local Home Area 264 
Network (HAN) and in a cloud. While the transport layer may change, the information content shall remain the 265 
same. Figure 4 clarifies this concept showing a case of a “HAN-based protocol A” using a specific “transport 266 
protocol C” and a “web-based protocol B”. 267 
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 268 

Figure 4 — Applicability of resources to different scenarios 269 

This series of standards focuses on the interface between Smart Appliances and the CCM and describes this 270 
interface from the Smart Appliance’s point of view. Figure 5 shows the applicability of EN 50631 (orange 271 
arrows). All participating actors described in this figure are logical actors. The CCM may have other interactions 272 
with the grid or with other actors in the premises, different from smart appliances, but these interactions are not 273 
in the scope of EN 50631. 274 

 275 

NOTE Arrows represent logical data flows. Images used with kind permission from EEBUS Initiative e.V. 276 

Figure 5 — Applicability of EN 50631 277 
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Protocols covered in EN 50631 will be SPINE, SPINE-IoT, and SHIP as shown in Figure 6. Other protocols will 278 
be added later. 279 

 280 

Figure 6 — Planned application of EN 50631 using SPINE and SHIP 281 

5 Reader’s guide 282 

5.1 Finding the right information 283 

This set of documents follows a top-down approach, starting at a high level and becoming more and more 284 
detailed. 285 

This document provides background information on Smart Home, the Top-Down approach used, and the 286 
process followed to derive a possible technical solution in Clause 4. 287 

Clause 6 starts with different high-level user stories, breaking them down into more specific use cases at a 288 
generic level in Clause 7. Each use case is subsequently broken up into scenarios, which can be mapped to 289 
common Use Case Functions. 290 

The Use Case Functions are described in Clause 8. Each Use Case Function is documented in detail in a 291 
generic way. 292 

Clause 9 provides a glossary of definitions for the Elements used in Clause 8. 293 

The mapping of the Use Case Functions from EN 50631-1 to SPINE Resources and SPINE-IoT Resources is 294 
described in EN 50631-3-1. The transport protocols for Home and Wide Area Networks as well as cloud 295 
connectivity; in this case, SPINE, SPINE-IoT, and SHIP are described in EN 50631-4-1. 296 

5.2 Reading the tables 297 

Abbreviations for the presence indication of Elements listed in the tables are defined in Table 1: 298 
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Table 1 — Presence indication description 299 

Abbreviation Meaning Link to requirement keywords 

M Mandatory SHALL 

R Recommended SHOULD 

O Optional MAY 

F Forbidden SHALL NOT 

5.3 Reading the graphics 300 

5.3.1 Flowcharts 301 

Table 2 explains the use of symbols in the flowcharts. 302 

Table 2 — Explanation of symbols used in flowcharts 303 

 
Solid dot Start 

 
Bull’s eye Stop 

 
Arrow Indicates the flow of time. Text next 

to the arrow may give additional 
information. 

 
Diamond Connection 

 

Rounded 
rectangle 

Scenario 

 
Lozenge Condition/Decision 

5.3.2 Sequence diagram 304 

Communication sequence diagrams visualize the messages sent between actors as part of a Use Case 305 
Function or scenario, as shown in the example in Figure 7: 306 

 307 

Figure 7 — Example communication sequence diagram 308 

The participating actors are represented by rectangles with their names at the top of the diagram (and optionally 309 
at the bottom), as well as by a connecting vertical line. 310 
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Horizontal arrows indicate the types of information content sent as well as their direction. Note that time always 311 
flows from top to bottom. 312 

6 User Stories 313 

6.1 Introduction 314 

There are different layers of operation classes which all exist in parallel (see Figure 8: The different layers of 315 
operation classes) and serve specific purposes or handle different types of instructions and thereby cover 316 
different use cases. 317 

NOTE IEC/TS 62950 provides a classification of operations, instructions and related terms. 318 

 319 

Figure 8 — The different layers of operation classes 320 

These use cases, obviously, need to be understood in the context of the big picture of all the possible decision-321 
making options which exist in the context of household appliances, as described above. 322 

The following user stories and use cases have been taken as input for our use cases, data model and neutral 323 
message decomposition. 324 

6.2 User stories 325 

6.2.1 General 326 

6.2.1.1 Epic 0 327 

As a Homeowner, I want to optimize the total energy consumption in my household so that I save money. 328 

6.2.2 Appliance Energy Flexibility 329 

6.2.2.1 General 330 

Smart Appliances can provide Energy Flexibility in cooperation with a CCM by changes in electric power 331 
consumption from their normal pattern in response to an external trigger. 332 

6.2.2.2 Epic 1 333 

As an Energy Provider, I want to distribute available energy as best as I can so that it is not wasted. 334 
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6.2.2.3 Epic 2 335 

6.2.2.3.1 General 336 

As a Smart Appliance User, I want to get a process (e.g. washing laundry) completed by a given end time at 337 
the lowest possible energy cost or CO2 footprint or percentage of renewable energy so that I can save grid 338 
energy and money or protect the environment while maintaining comfort. 339 

6.2.2.3.2 Story 2.1 340 

As a Smart Appliance User, I want to specify a latest end time for a process (e.g. washing laundry) so that it is 341 
done when I need it. 342 

6.2.2.3.3 Story 2.2 343 

As a Smart Appliance User, I want to use electricity for a process at the lowest available cost so that I save 344 
money. 345 

6.2.2.3.4 Story 2.3 346 

As a Smart Appliance User, I want to use as much energy from renewable sources as possible so that I have a 347 
good conscience. 348 

6.2.2.3.5 Story 2.4 349 

As a Smart Appliance User, I want to use as much energy from sources with a low CO2 footprint as possible so 350 
that I have a good conscience. 351 

6.2.2.4 Epic 3 352 

6.2.2.4.1 General 353 

As a Smart Appliance User, I want to limit my power consumption to my own local production so that I do not 354 
consume grid energy. 355 

6.2.2.4.2 Story 3.1 356 

As a Smart Appliance User, I want to instruct my CCM to limit power consumption to the amount of my own 357 
decentralized power so that I do not consume grid energy. 358 

6.2.2.4.3 Story 3.2 359 

As a Smart Appliance User, I want to specify time ranges for the limitation of power to apply so that I can adjust 360 
power consumption. 361 

6.2.2.4.4 Story 3.3 362 

As a Smart Appliance User, I want to exclude devices from the limitation of power so that their correct operation 363 
is always ensured. 364 

6.2.2.4.5 Story 3.4 365 

As a Smart Appliance User, I want to receive a warning when turning on a device would exceed the limitation 366 
so that I can either postpone consumption or overrule the limit. 367 

6.2.2.4.6 Story 3.5 368 

As a Smart Appliance User, I want to make sure I’m injecting as little locally generated power as possible into 369 
the grid. 370 
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6.2.2.5 Epic 4 371 

6.2.2.5.1 General 372 

As a Smart Appliance User, I want to use or store excess/surplus PV energy for later use so that I can optimize 373 
energy costs. 374 

6.2.2.5.2 Story 4.1 375 

As a Smart Appliance User, I want to thermally or electrically store excess/surplus PV energy for later use so 376 
that I can optimize heating/cooling and energy costs. 377 

Typical use case: 378 

— Optimization of Self Consumption by Heat Pump Compressor Flexibility, see 7.11 379 

6.2.2.5.3 Story 4.2 380 

As a Smart Appliance User, I want to use excess/surplus PV energy so that I can optimize energy costs. 381 

Typical use case: 382 

— Limit Consumption to own production, see 7.4 383 

6.2.2.6 Epic 5 384 

6.2.2.6.1 General 385 

As an Energy Supplier, I want to adjust users' load in case of grid stability issues so that grid stability is 386 
restored/ensured. 387 

6.2.2.6.2 Story 5.1 388 

As an Energy Supplier, I want to reduce a user's load so that the overall load on the grid is reduced in times of 389 
high demand. 390 

6.2.2.6.3 Story 5.2 391 

As an Energy Supplier, I want to increase a user's load so that the overall load on the grid is increased in times 392 
of high supply. 393 

6.2.2.6.4 Story 5.3 394 

As a Homeowner, I want to offer load flexibility to my energy supplier in exchange for a compensation so that I 395 
can optimize energy costs. 396 

6.2.2.7 Epic 6 397 

6.2.2.7.1 General 398 

As a Smart Appliance User, I want to cover my energy needs with low environmental or monetary costs so that 399 
I can save money and/or protect the environment. 400 

6.2.2.7.2 Story 6.1 401 

As a Smart Appliance User, I want to cover my energy needs with low monetary costs so that I can save money. 402 

6.2.2.7.3 Story 6.2 403 

As a Smart Appliance User, I want to cover my energy needs with low environmental costs so that I have a 404 
good conscience. 405 

Typical use cases Appliance Energy Flexibility are described below: 406 
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— Limitation of Power Consumption (Epic 5) – see 7.4 407 

— Incentive Table-based Power Consumption Management (Epic 6) – see 7.4 408 

6.2.3 Remote Control of a Smart Appliance 409 

6.2.3.1 General 410 

These user stories collect several typical remote initiated operations like 411 

— Starting, stopping, pausing a device 412 

— Setting parameters 413 

— etc. 414 

In this case, the CCM sends a message to the Smart Appliance, if applicable and allowed (e.g. based on safety 415 
requirements). 416 

An example use case for Remote Control is described below: 417 

— Monitoring and Control of Smart Grid Ready Conditions – see 7.9 418 

6.2.3.2 Epic 7 419 

6.2.3.2.1 General 420 

As a Smart Appliance User, I want to remotely control my Smart Appliances so that I can control them all from 421 
a central unit (e.g. the CCM). 422 

6.2.3.2.2 Story 7.1 423 

As a Smart Appliance User, I want to change the status of a job on my device so that I can automate control of 424 
the device. 425 

6.2.3.2.3 Story 7.2 426 

As a Smart Appliance User, I want to change a value or quantity on my device so that I can automate control of 427 
the device. 428 

6.2.3.2.4 Story 7.3 429 

As a Smart Appliance User, I want to change a function setting on my device so that I can automate control of 430 
the device. 431 

6.2.4 Remote Monitoring of a Smart Appliance 432 

6.2.4.1 General 433 

These user stories collect several typical remotely initiated monitoring operations or Smart Appliance initiated 434 
notifications. Typical Use Cases are: 435 

— Monitoring and Control of Smart Grid Ready Conditions – see 7.9 436 

— Monitoring of Power Consumption – see 7.10 437 

In this case, either the CCM sends a message to the Smart Appliance to request the information, or the Smart 438 
Appliance notifies the CCM about any changes, if applicable. 439 

For maintenance purposes, the operation of a smart device shall be transparent to the CCM and the user. Most 440 
likely, the user is not interested in technical logging information, but it is essential for interoperability, testing and 441 
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maintenance. This feature does not provide additional capabilities but is a more general feature that might 442 
include a common test interface. 443 

This information may occur at any time and in any circumstances, such as manual operation, remote operation, 444 
user turns off remote operation back to manual operation, re-synchronization after communication drop down, 445 
notification about pending or updated jobs or upon user and/or CCM requests. 446 

6.2.4.2 Epic 8 447 

6.2.4.2.1 General 448 

As a Smart Appliance User, I want to remotely monitor my Smart Appliances so that I can monitor them all from 449 
a central unit (e.g. the CCM). 450 

6.2.4.2.2 Story 8.1 451 

As a Smart Appliance User, I want to monitor manufacturer information on my device so that I can monitor it 452 
from a central unit (e.g. the CCM). 453 

6.2.4.2.3 Story 8.2 454 

As a Smart Appliance User, I want to monitor my device's operating state so that I can monitor it from a central 455 
unit (e.g. the CCM). 456 

6.2.4.2.4 Story 8.3 457 

As a Smart Appliance User, I want to monitor my device's power consumption so that I can monitor it from a 458 
central unit (e.g. the CCM). 459 

6.2.4.2.5 Story 8.4 460 

As a Smart Appliance User, I want to monitor parameters on my device so that I can monitor it from a central 461 
unit (e.g. the CCM). 462 

6.2.4.2.6 Story 8.5 463 

As a Smart Appliance User, I want to monitor the smart grid readiness condition of my device so that I can 464 
monitor it from a central unit (e.g. the CCM). 465 

6.2.5 Manual Operation of a Smart Appliance 466 

6.2.5.1 General 467 

Even if manually operated, the Smart Appliance can inform the CCM about status and other useful information 468 
like power consumption and so forth to support CCM in keeping the overview up to date. 469 

EXAMPLE User starts cooking, cooking plate informs CCM about power current consumption with an indefinite 470 
duration. 471 

The corresponding use cases are described in 7.8. 472 

6.2.5.2 Story 9.0 473 

As a Smart Appliance User, I want to provide a manually operated appliance's current power consumption to 474 
the CCM so that it can be monitored and included into the CCM's calculations. 475 

7 Use cases 476 

7.1 Introduction 477 

For each of the Epics/User Stories, this clause captures one or more derived Use Cases. The following Table 3 478 
provides a mapping between the User Stories and the Use Cases in this clause. 479 
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Every Use Case will be broken down step by step to their re-usable functional blocks, called Use Case 480 
Functions, see also Table 3. This is done by means of packages and sequence diagrams with the functions 481 
identified and labelled. 482 

Every sequence diagram consists of references to common functions. De-coupling of sequence diagrams from 483 
common functions enables re-usage of same common functions in various use cases. 484 

NOTE Use cases describe a possible path to achieve a solution. They are not mandatory and are not treated 485 
exclusively. 486 

7.2 User Stories and Use Cases 487 

Table 3 — Mapping of User Stories, Use Cases, and Use Case Functions 488 

Epic Use cases Use Case Functions 

Appliance Energy 
Flexibility 
Epic 1, 2 

Flexible Start for White 
Goods 

UCF_Plan_With_Power_Sequences 
UCF_Select_Power_Sequence 
UCF_Shift_Preferred_Power_Sequence 
UCF_Configure_Current_Power_Sequence 

Appliance Energy 
Flexibility 
Epic 1, 3, 4 

Optimization of Self 
Consumption by Heat 
Pump Compressor 
Flexibility 

UCF_Plan_With_Power_Sequences 
UCF_Select_Power_Sequence 
UCF_Report_Status_Of_Power_Sequence 
UCF_Shift_Preferred_Power_Sequence 
UCF_Configure_Current_Power_Sequence 

Appliance Energy 
Flexibility 
Epic 4 
 

Limit Consumption to 
own production 

See “Incentive table-based Power 
Consumption Management” 

Appliance Energy 
Flexibility 
Epic 4, 5 

Limitation of Power 
Consumption 

UCF_Power_Limit 
UCF_Device_Configuration 
UCF_Heartbeat (60s) 
UCF_Characteristics 

Appliance Energy 
Flexibility 
Epic 6 

Incentive table-based 
Power Consumption 
Management 

UCF_Device_Configuration 
UCF_Incentive_Table 
UCF_Consumption_Curve 

Remote Control 
Epic 7 
 

Monitoring and Control 
of Smart Grid Ready 
Condition 

UCF_System_Function 
UCF_Overrun 

Remote Monitoring 
Epic 8 

Monitoring and Control 
of Smart Grid Ready 
Condition 

UCF_System_Function 
UCF_Overrun 

Monitoring of Power 
Consumption 

UCF_AC_Measurement 

Manual Operation 
Story 9 

Manual Operation UCF_Plan_With_Power_Sequences 
UCF_Report_Status_Of_Power_Sequence 
UCF_AC_Measurement 

Network Management 
n/a 

Install/Remove Smart 
Appliance 

UCF_Device_Connected 
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7.3 Flexible Start for White Goods 489 

7.3.1 General 490 

A residential household includes a variety of electric consumers - such as a dishwasher, washing machine and 491 
tumble dryer – each of which can offer its flexibility or information to an energy management system. In the 492 
further description, such devices are referred to as Smart Appliances. Depending on availability of cheap or 493 
green electricity, a Customer Connectivity Manager (CCM) can let a Smart Appliance run when it is most 494 
advantageous for the customer, achieving low costs or low CO2 emissions. Figure 9 depicts the high-level 495 
information exchange between the CCM and the Smart Appliance. 496 

While the Smart Appliance has not yet started, its start time can be changed. To be able to find optimal start 497 
times for the Smart Appliance, the CCM needs to know its expected “power sequence” (time-dependent power 498 
consumption) with constraints such as its earliest start time, latest end time, and interrupt options. The Smart 499 
Appliance may also offer the CCM to select an alternative power sequence. 500 

 501 

Figure 9 — Energy management with smart appliance and CCM 502 

Added value: The CCM may run the devices at the lowest energy costs or with zero carbon dioxide emission 503 
footprint. 504 

User Story as an example 505 

The user wants to optimize their energy cost or CO2 footprint, respectively, and offers flexibility by programming 506 
the washing machine to get the laundry done by 8:00 pm latest. The CCM evaluates the overall situation at 507 
home and then chooses the best start time for the washing machine. 508 

Power sequence, basic properties 509 

A simple power sequence with some main properties is shown in Figure 10. 510 

 511 

Figure 10 — Power sequence: P(t) (power-over-time) modelling with slots and time constraints 512 
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A power sequence models a (usually) shiftable curve. This includes 513 

1. Schedule constraints: 514 

An earliest start time and latest end time between which the curve should be executed. These are given by 515 
the power plan and are not part of the power sequence. 516 

2. Power sequence: 517 

A power sequence is modelled by a consecutive sequence of slots: 518 
Each slot expresses a power magnitude (*1) and its duration (*2). 519 

(*1) In general, a slot may express multiple kinds of magnitudes. Examples are minimum value, maximum value, 520 
average value. 521 

(*2) The total duration of all slots needs to fit into the time frame of the schedule constraints. This rule holds in 522 
every case. For example, a Smart Appliance's UI should not permit a user to select a latest end time that does 523 
not permit the complete execution of all slots. 524 

Figure 10 does not contain an explicit start time. Without explicit start time, a power sequence just models a 525 
potential P(t) curve. But if a power sequence is also to be executed at a specific time, further properties like a 526 
start time are required, as shown in Figure 11. 527 

 528 

Figure 11 — Further possible properties of a scheduled power sequence 529 

Schedule phases and states 530 

The pre-announcement and execution of the consumption of an announced energy demand are distinct phases 531 
of a Smart Appliance: 532 

A. Pre-announcement phase: 533 

Before the Actor Smart Appliance begins with the energy consumption according to its announced plan, a 534 
power sequence can have one of these schedule states: 535 

1. Preferred power sequence 536 

A preferred power sequence has a start time. The Smart appliance will execute this power sequence at 537 
this start time (unless the Actor Smart Appliance receives a different configuration). 538 
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2. Optional power sequence 539 

An optional power sequence has no start time. Consequently, the Smart appliance will NOT execute 540 
this power sequence autonomously. 541 

3. Invalid power sequence 542 

A power sequence with status “invalid” will not be executed by a Smart Appliance and cannot be 543 
selected by Actor CCM. In this phase, this type of power sequence is used only if a Smart Appliance 544 
withdraws a formerly preferred or optional power sequence. Power sequences can become invalid in 545 
this phase for a number of reasons, e.g. if they have a long runtime and can no longer be completed 546 
before the latest end time due to the CCM waiting for the optimal start time. 547 

During the pre-announcement phase, the Actor Smart Appliance SHALL have exactly one preferred power 548 
sequence. 549 

Scenario 3 (see 7.3.5.3) describes how an optional power sequence can become the (new) preferred power 550 
sequence and the formerly preferred power sequence then becomes an optional or invalid power sequence. 551 

B. Execution phase: 552 

As soon as the start time of a preferred power sequence is reached, the schedule states change: 553 

1. Current power sequence 554 

The preferred power sequence is now called “current power sequence” and the Actor begins with the 555 
corresponding consumption of energy. Within this schedule state, the so-called activity state expresses 556 
whether the energy consumption is currently paused or not or has been stopped. Configuration options 557 
are described in Scenario 4 (see 7.3.5.4). 558 

NOTE The schedule state and activity state together make up the overall state of a power sequence. 559 

2. Invalid power sequence 560 

An optional power sequence becomes an invalid power sequence. 561 

“Alternatives” groups of power sequences and identification 562 

If the Actor Smart appliance announces a plan with a demand, it puts one or more power sequences into a 563 
group called “alternatives”. Within such an alternatives group, the power sequences are meant to be alternatives 564 
to each other. This means that the group contains 565 

1. exactly one power sequence that will be or is executed (preferred power sequence or current power 566 
sequence), 567 

2. and optionally any number of optional or invalid power sequences (see above). 568 

Each power sequence is identifiable. 569 

This Use Case does not permit more than one “alternatives” group with power sequences. 570 

7.3.2 Actors 571 

7.3.2.1 General 572 

The following actors participate in this use case: 573 

7.3.2.2 CCM 574 

The CCM actor performs energy management tasks. It receives demands, configurations, and schedules from 575 
smart appliances. Based on the collected data the CCM adjusts the energy demand (e.g. shift a demand in 576 
time) of the smart appliances. 577 
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7.3.2.3 Smart Appliance 578 

A smart appliance can announce the energy demand of tasks it needs to execute or is currently executing. It 579 
may allow these tasks to be adjusted in ways defined by the smart appliance (e.g. pause the current task). 580 

7.3.3 Scenario overview 581 

The following Scenarios apply to this Use case (see Figure 12): 582 

 583 

Figure 12 — Scenario overview for Flexible Start for White Goods 584 

7.3.4 Scenario support requirements 585 

Table 4 below lists the requirements for each actor needed to support the scenarios listed. 586 
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Table 4 — Flexible Start for White Goods scenario implementation requirements for Actors 587 
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1 Announcement of plan M M 

2 Shift preferred power sequence M R 

2 Select alternative power sequence M R 

4 Configure current power sequence R O 

In addition, at least one of the Scenarios 2 or 3 SHALL be supported by the Actor Smart Appliance. 

7.3.5 Scenario flow 588 

Figure 13 shows the workflow of this Use Case. The Scenarios mentioned in the figure are explained in more 589 
detail in 7.3.5. It can be summarized as follows: 590 

1. The Actor Smart Appliance is responsible for announcing a new (or updated) energy demand incl. its 591 
options (Scenario 1). 592 

2. As long as the Actor Smart Appliance has not started consuming the announced energy demand, it will 593 
accept configurations to adjust the energy demand, according to its announced capabilities (Scenarios 2 594 
and 3). 595 

3. As soon as the Actor Smart Appliance starts consuming the announced energy demand, it will accept to 596 
pause/resume/stop its energy demand, according to its announced capabilities (Scenario 4). 597 
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 598 

NOTE Questions in the figure above are asked from the CCM’s point of view 599 

Figure 13 — Workflow of this Use Case 600 
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7.3.6 Scenario details 601 

7.3.6.1 Scenario 1 – Announcement of plan 602 

7.3.6.1.1 Description 603 

The Actor Smart Appliance announces its current plan with one or more power sequences. This plan 604 
corresponds either to the pre-announcement phase or to the execution phase. 605 

7.3.6.1.2 Conditions 606 

Triggering Event: 607 

The Scenario is triggered when the Actor Smart Appliance has a new or updated energy demand. 608 

Pre-condition: 609 

The Smart Appliance is in a state where it is remote controllable by the CCM with regards to the parameters 610 
described in this Scenario. 611 

Post-condition: 612 

Depending on the phase, available schedule states, and time, the Actor Smart Appliance may receive 613 
appropriate requests to adjust the plan or start with the energy consumption of a preferred power sequence 614 
when its start time is reached. 615 

7.3.6.2 Scenario 2 - Shift preferred power sequence 616 

7.3.6.2.1 Description 617 

This Scenario applies only to the pre-announcement phase. 618 

After receiving a plan from a Smart Appliance, a CCM estimates whether the total energy consumption within a 619 
household can be optimized by shifting the start time of the currently preferred power sequence of that Smart 620 
Appliance. If so (and provided there is no better option), the CCM sets a new start time for that power sequence. 621 
If the new start time satisfies the schedule constraints, the Smart Appliance shall accept it and announce a new 622 
plan that reflects the changes. The scheduled power sequence shall be executed by the Smart Appliance at the 623 
new start time. 624 

7.3.6.2.2 Conditions 625 

Triggering Event: 626 

The Scenario is triggered when the CCM receives either an updated plan from the Smart Appliance or updated 627 
information from any external party that affects its energy management task. 628 

Pre-condition: 629 

The Smart Appliance is in a state where it is remote controllable by the CCM with regards to the parameters 630 
described in this Scenario. 631 

Post-condition: 632 

As long as no further configuration occurs afterwards, future plans of the Smart Appliance reflect all changes 633 
done to the current configuration with regards to this Scenario. Additionally, if no reconfiguration occurs, the 634 
Smart Appliance executes its current plan autonomously. 635 

7.3.6.3 Scenario 3 - Select alternative power sequence 636 

7.3.6.3.1 Description 637 

This Scenario applies only to the pre-announcement phase. 638 

After receiving a plan from a Smart Appliance (see Scenario 1), a CCM estimates whether the total energy 639 
consumption within a household can be optimized by selecting an optional power sequence of that Smart 640 
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Appliance over the currently preferred one. This scenario applies only if the announced plan contains one or 641 
more optional power sequences (in addition to the currently preferred power sequence). The CCM selects an 642 
optional power sequence and sets a start time to it. If the new start time satisfies the schedule constraints the 643 
Smart Appliance shall accept it and announce a new plan that reflects the changes. If no further configuration 644 
is done to the Smart Appliance, the selected power sequence will be executed at the configured start time. 645 

The Actor Smart Appliance reports in the plan whether it supports the selection of a different optional power 646 
sequence only once or multiple times. The latter means that the CCM can select a different optional power 647 
sequence at a later point in time. 648 

7.3.6.3.2 Conditions 649 

Triggering Event: 650 

The Scenario is triggered when the CCM receives either an updated plan from the Smart Appliance or updated 651 
information from any external party that affects its energy management task. 652 

Pre-condition: 653 

The Smart Appliance is in a state where it is remote controllable by the CCM with regards to the parameters 654 
described in this Scenario. 655 

Post-condition: 656 

As long as no further configuration occurs afterwards, future plans of the Smart Appliance reflect all changes 657 
done to the current configuration with regards to this Scenario. Additionally, if no reconfiguration occurs, the 658 
Smart Appliance executes its current plan autonomously. 659 

7.3.6.4 Scenario 4 - Configure current power sequence 660 

7.3.6.4.1 Description 661 

This Scenario applies only to the execution phase. 662 

The CCM changes the activity state (running, paused, e.g.) of the current power sequence. Depending on the 663 
current state of the power sequence as well as its configuration, different state transitions are allowed (e.g. a 664 
washing machine may not be paused for an extended period in the middle of a washing program, because it 665 
can lead to clothes developing an unpleasant odour). The Smart Appliance can express valid state transitions 666 
at runtime. Additionally, the Smart Appliance SHALL ensure that all constraints are satisfied during execution 667 
of the program (e.g. a paused program needs to be resumed if the remaining time would exceed the user defined 668 
latest end time). 669 

More precisely, the following state changes are allowed: 670 

1. If a power sequence can be paused, the CCM may pause and resume a power sequence. 671 

2. If a power sequence can be stopped, the CCM MAY stop a power sequence. It cannot be resumed 672 
afterwards. 673 

7.3.6.4.2 Conditions 674 

Triggering Event: 675 

The Scenario is triggered when the CCM receives either an updated plan from the Smart Appliance or updated 676 
information from any external party that affects its energy management task. 677 

Pre-condition: 678 

The Smart Appliance is in the execution phase, where it is remote controllable by the CCM with regards to the 679 
parameters described in this Scenario (see section “Schedule phases and states”, B, above). 680 
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Post-condition: 681 

As long as no further configuration occurs afterwards, future plans of the Smart Appliance reflect all changes 682 
done to the current configuration with regards to this Scenario. Additionally, if no reconfiguration occurs, the 683 
Smart Appliance executes its current plan autonomously. 684 

7.3.7 Scenarios and Use Case Functions (UCFs) 685 

For each scenario, the “primary” Use Case Functions are given as described in Table 5. 686 

Table 5 — Flexible Start for White Goods: Scenarios and primary Use Case Functions (UCFs) 687 

Scenario Primary Use Case Functions 

Scenario 1 
Announcement of plan 

UCF_Plan_With_Power_Sequences 

Scenario 2 
Shift preferred power sequence 

UCF_Shift_Preferred_Power_Sequence 

Scenario 3 
Select alternative power sequence 

UCF_Select_Power_Sequence 

Scenario 4 
Configure current power sequence 

UCF_Configure_Current_Power_Sequence 

7.3.8 Dependencies to other Use Cases 688 

None. 689 

7.3.9 Assumptions and Prerequisites 690 

None. 691 

7.4 Incentive Table-based Power Consumption Management 692 

7.4.1 Actors 693 

7.4.1.1 General 694 

The following actors participate in this use case: 695 

7.4.1.2 Energy Consumer 696 

The Actor Energy Consumer is the Energy Consumer that wants to cover its energy needs with low 697 
environmental or monetary costs. Within this Use Case, only one CCM SHALL be connected to an Energy 698 
Consumer, while multiple Energy Consumers MAY be connected to an CCM. 699 

7.4.1.3 CCM 700 

The Actor CCM delivers incentives. Multiple Energy Consumers MAY be connected to an CCM. However, only 701 
one CCM SHALL be connected to an Energy Consumer. 702 

7.4.2 Scenario Overview 703 

The following Scenarios apply to this Use case (see Figure 14): 704 
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 705 

Figure 14 — Scenario Overview 706 

7.4.3 Scenario support requirements 707 

Table 6 below lists the requirements for each actor needed to support the scenarios listed. 708 

Table 6 — Scenario implementation requirements for Actors 709 
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1 Announcement of negotiation options M M 

2 Negotiation of Committed Data M M 

3 Negotiation of Preliminary Data O O 

4 Unsolicited update of Committed Incentive Table M O 

5 Unsolicited update of Committed Power Plan O M 

7.4.4 Scenario Flow 710 

The order in which the scenarios occur is defined by the trigger (see Figure 15). For some scenarios data of 711 
other scenarios is relevant, while other scenarios can run in parallel. 712 

Full document details: 23/30476551 DC

http://www.avadocuments.com/doc/23-30476551-dc
http://www.avadocuments.com/doc/23-30476551-dc


IEC CDV 63510-1 © IEC 2023 33 59/817/CDV 

 

 713 

Figure 15 — Workflow of this Use Case 714 

7.4.5 Scenario Details 715 

7.4.5.1 Scenario 1 – Announcement of negotiation options 716 

7.4.5.1.1 Description 717 

The Use Case comprises several processes (Scenarios) with negotiation options of Actor Energy Consumer. 718 
These options need to be fetched and considered properly by Actor CCM. This Scenario 1 primarily summarizes 719 
the negotiation options in Table 7. Rules and further details on the negotiation options can be found in the 720 
respective Scenarios or below Table 7. 721 

Table 7 — Scenario 1 – Negotiation options 722 

Data point name Data point description Support 
indication 

Maximum 
simulation cycles 

Scenario 3: The maximum number of successive 
simulation cycles (Scenario 3) permitted by Actor 
Energy Consumer. Once the number of 
completed successive simulation cycles reaches 
this maximum, Actor Energy Consumer does not 
support further simulation cycles unless a 
negotiation of committed data (Scenario 2) 
completed successfully. A maximum number of 
zero denotes that Actor Energy Consumer does 
not support Scenario 3 at all. The value SHALL 
be a non-negative integer. 

M 

Concurrent 
negotiation 
capability 

Scenario 3 (and 2): Value “true” = Actor Energy 
Consumer is capable of executing calculations of 
Scenario 3 in parallel to Scenario 2; otherwise, 
the value is “false”. See details below table. 

M a 

TIMEOUT_INCENT
IVE_REQUEST 

Scenario 2: Maximum waiting period of Actor 
Energy Consumer to receive a valid update of 
the Committed Incentive Table. See details in 
7.4.5.2. 

M 
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Data point name Data point description Support 
indication 

WAIT_INCENTIVE
_WRITEABLE 

Scenario 2: Waiting period of Actor Energy 
Consumer before it permits execution of 
Scenario 4. See details in 7.4.5.2. 

M 

a Mandatory if Scenario 3 is supported. 

On data point “Concurrent negotiation capability”: 723 

In Scenarios 2 and 3, Actor Energy Consumer computes a Committed or Preliminary Power Plan based upon 724 
a respective Incentive Table. The CPU of Actor Energy Consumer may not have sufficient computing resources 725 
to calculate a Preliminary and a Committed Power Plan at the same time and deliver results within the required 726 
time constraints. There might be further reasons that prevent Actor Energy Consumer from parallel 727 
computations of these plans. In these cases, Actor Energy Consumer SHALL set the data point “Concurrent 728 
negotiation capability” to “false”. Otherwise, Actor Energy Consumer SHOULD set the data point “Concurrent 729 
negotiation capability” to “true”. 730 

NOTE Scenario 3 also describes how a computation of a Preliminary Power Plan can be aborted by Actor Energy 731 
Consumer (see 7.4.5.3.1.4). 732 

7.4.5.1.2 Conditions 733 

Triggering Event: 734 

This Scenario is triggered by Actor CCM to get negotiation options of Actor Energy Consumer to execute further 735 
Scenarios of this Use Case properly. 736 

Pre-condition: 737 

The Actor CCM has no or “old” negotiation options of Actor Energy Consumer. 738 

Post-condition: 739 

In case of success, the Actor CCM received updated negotiation options of Actor Energy Consumer. 740 

7.4.5.2 Scenario 2 – Negotiation of Committed Data 741 

7.4.5.2.1 Description 742 

7.4.5.2.1.1 General 743 

In this Scenario, the Actor Energy Consumer explicitly requests an update of its Committed Incentive Table. If 744 
the Actor Energy Consumer receives a valid Committed Incentive Table in time, it updates its Committed Power 745 
Plan. Otherwise, the Actor Energy Consumer operates autonomously (with regards to this Use Case). An 746 
overview is shown in Figure 16. 747 
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 748 

Figure 16 — Overview of Scenario 2 activity 749 

The activity is split into several segments which begin at the circled numbers shown in Figure 16: 750 

1. Activity begin ① 751 

2. Activity branch “Update of Committed Power Plan” ② 752 

3. Activity branch “Autonomous operation” ③ 753 

Details are described in the subsequent subclauses. 754 

7.4.5.2.1.2 Activity begin ① 755 

The Actor Energy Consumer is ready to initiate a negotiation of committed data. It requests for a (new or 756 
updated) Committed Incentive Table and waits for the receipt. This is shown in Figure 17. 757 
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 758 

Figure 17 — Activity begin diagram of Scenario 2 759 

Step 1 (Energy Consumer begins new committed phase): 760 

Until the end of Scenario 2, the Actor Energy Consumer SHALL NOT execute Scenario 5. During Scenario 2, 761 
updates of the Committed Power Plan MAY occur according to 7.4.5.2.1.2 only. 762 

Step 2 (Request Committed Incentive Table): 763 

The Actor Energy Consumer SHALL allow Actor CCM to modify or create Actor Energy Consumer's Committed 764 
Incentive Table. The Actor Energy Consumer SHALL request towards Actor CCM to get a modified or new 765 
Committed Incentive Table. 766 

Step 3 (Wait for Committed Incentive Table or Timeout): 767 

The Actor Energy Consumer SHALL wait for a maximum duration of TIMEOUT_INCENTIVE_REQUEST to 768 
receive a valid update of the Committed Incentive Table. If the Actor Energy Consumer receives a valid update 769 
of the Committed Incentive Table in time, the Actor Energy Consumer SHALL continue as specified in 770 
7.4.5.2.1.2. Otherwise, the Actor Energy Consumer SHALL continue as specified in 7.4.5.2.1.3. 771 

7.4.5.2.1.3 Activity branch “Update of Committed Power Plan” ② 772 

The Actor Energy Consumer is ready to update its Committed Power Plan as shown in Figure 18. 773 
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 774 

Figure 18 — Activity branch “Update of Committed Power Plan” diagram of Scenario 2 775 

Step 1 (Energy Consumer disables request of Committed Incentive Table): 776 

The Actor Energy Consumer SHALL NOT allow Actor CCM to modify or create Actor Energy Consumer's 777 
Committed Incentive Table. The Actor Energy Consumer SHALL disable the request towards Actor CCM to get 778 
a modified or new Committed Incentive Table. 779 

Step 2 (Calculate Committed Power Plan, Update Committed Power Plan): 780 

The Actor Energy Consumer SHALL calculate and update its Committed Power Plan. 781 

Typically, the following (non-exhaustive) list should be used by the Actor Energy Consumer for the calculation: 782 

1. The Committed Incentive Table (used for an optimization algorithm). 783 

2. The current or anticipated energy demand (required energy incl. time frame to fulfil a task). 784 

3. Any further constraints (imposed power limitation, for example.). 785 

Step 3 (End of Scenario 2): 786 

The Actor Energy Consumer SHALL wait for a duration of WAIT_INCENTIVE_WRITEABLE before it permits 787 
execution of Scenario 4. 788 

7.4.5.2.1.4 Activity branch “Autonomous operation” ③ 789 

This is an error case where Actor CCM does not behave appropriately. The Actor Energy Consumer needs to 790 
continue its operation without update of the Committed Incentive Table as shown in Figure 19. 791 
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 792 

Figure 19 — Activity branch “Autonomous operation” diagram of Scenario 2 793 

Step 1 (Energy Consumer disables request of Committed Incentive Table): 794 

The Actor Energy Consumer SHALL NOT allow Actor CCM to modify or create Actor Energy Consumer's 795 
Committed Incentive Table. The Actor Energy Consumer SHALL disable the request towards Actor CCM to get 796 
a modified or new Committed Incentive Table. 797 

Step 2 (Consumer calculates/plans/works whatever it needs to): 798 

The Actor Energy Consumer SHALL operate at its own discretion (with regards to this Use Case) to fulfil its 799 
task. This means the Actor Energy Consumer is not obliged to wait for any update of the Committed Incentive 800 
Table. 801 

An Actor Energy Consumer may apply different optimization algorithms in comparison to the case with updated 802 
and valid Committed Incentive Table. 803 

Step 3 (End of Scenario 2): 804 

The Actor Energy Consumer SHALL wait for a duration of WAIT_INCENTIVE_WRITEABLE before it permits 805 
execution of Scenario 4. 806 

The Actor Energy Consumer MAY execute Scenario 5. 807 

Even in this error case, the execution of Actor Energy Consumer's task will typically result in some kind of 808 
planning with proper power consumption. Therefore, it is recommended that the Actor Energy Consumer 809 
executes Scenario 5 to update its Committed Power Plan if possible, as this may help Actor CCM (as soon as 810 
Actor CCM behaves appropriately, again) for its overall energy management task. 811 

The Actor Energy Consumer SHALL trigger the Scenario 2 again as soon as possible. I.e. the Actor Energy 812 
Consumer SHALL NOT remain in a mode of autonomous operation. 813 

7.4.5.2.2 Conditions 814 

Triggering Event: 815 

This Scenario is triggered by Actor Energy Consumer to schedule its current or imminent energy demand based 816 
upon valid committed incentives. 817 

Pre-condition: 818 

The Actor CCM knows the negotiation options of Actor Energy Consumer from Scenario 1. 819 

The Actor Energy Consumer has no or “old” incentives for the required period. 820 

Post-condition: 821 

In case of success, the Actor Energy Consumer received updated incentives for a certain period and did provide 822 
an appropriate Committed Power Plan. 823 
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For error cases, consider 7.4.5.2.1. 824 

7.4.5.3 Scenario 3 – Negotiation of Preliminary Data 825 

7.4.5.3.1 Description 826 

7.4.5.3.1.1 General 827 

In this Scenario, the Actor Energy Consumer permits Actor CCM to make use of a simulation phase. The 828 
simulation phase may be aborted by Actor Energy Consumer any time. If the Actor Energy Consumer receives 829 
a valid Preliminary Incentive Table within the simulation phase, it updates its Preliminary Power Plan. An 830 
overview is shown in Figure 20. 831 

 832 

Figure 20 — Overview of Scenario 3 activity 833 

The activity is split into several segments which begin at the circled numbers shown in Figure 20: 834 

1. Activity begin ① 835 

2. Activity branch “Update of Preliminary Power Plan” ② 836 

3. Activity branch “Disable simulation phase” ③ 837 

Details are described in the subsequent subclauses. 838 

7.4.5.3.1.2 Activity begin ① 839 

The Actor Energy Consumer is ready to permit a negotiation of preliminary data. It enables Actor CCM to provide 840 
a Preliminary Incentive Table and waits for the receipt. This is shown in Figure 21. 841 
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 842 

Figure 21 — Activity begin diagram of Scenario 3 843 

Step 1 (Energy Consumer begins new simulation phase): 844 

Actor Energy Consumer is currently able to permit a negotiation of preliminary data. 845 

NOTE The Actor Energy Consumer's possibility to abort the simulation phase is given in subsequent steps. 846 

Step 2 (Enable Preliminary Incentive Table change): 847 

The Actor Energy Consumer SHALL allow Actor CCM to modify or create Actor Energy Consumer's Preliminary 848 
Incentive Table. 849 

Step 3 (Wait for Preliminary Incentive Table or Abort): 850 

As long as Actor Energy Consumer does not need to abort the simulation phase, it waits to receive a valid 851 
update of the Preliminary Incentive Table. 852 

If Actor CCM submits a Preliminary Incentive Table, it waits for a minimum period of 853 
TIMEOUT_INCENTIVE_PLAN = 60s to get a proper Preliminary Power Plan. 854 

If the Actor Energy Consumer receives a valid update of the Preliminary Incentive Table, the Actor Energy 855 
Consumer SHALL continue as specified in 7.4.5.3.1.2. 856 

If the Actor Energy Consumer needs to abort the simulation phase (see 7.4.5.3.1.4) before it received a 857 
Preliminary Incentive Table, it SHALL continue as specified in 7.4.5.3.1.3. 858 

7.4.5.3.1.3 Activity branch “Update of Preliminary Power Plan” ② 859 

The Actor Energy Consumer is ready to update its Preliminary Power Plan as shown in Figure 22. 860 

Full document details: 23/30476551 DC

http://www.avadocuments.com/doc/23-30476551-dc
http://www.avadocuments.com/doc/23-30476551-dc


IEC CDV 63510-1 © IEC 2023 41 59/817/CDV 

 

 861 

Figure 22 — Activity branch “Update of Preliminary Power Plan” diagram of Scenario 3 862 

Step 1 (Energy Consumer disables Preliminary Incentive Table change): 863 

The Actor Energy Consumer SHALL NOT allow Actor CCM to modify or create Actor Energy Consumer's 864 
Preliminary Incentive Table. 865 

Step 2 (Calculate Preliminary Power Plan, Listen to conditions to abort calculation): 866 

The Actor Energy Consumer SHALL begin to calculate its Preliminary Power Plan. The Actor Energy Consumer 867 
MAY abort the calculation if conditions require an abortion (see 7.4.5.3.1.4). 868 

This step ends as soon as the calculation completed successfully or the calculation was aborted. 869 

Typically, the following (non-exhaustive) list should be used by the Actor Energy Consumer for the calculation: 870 

1. The Preliminary Incentive Table (used for an optimization algorithm). 871 

2. The current or anticipated energy demand (required energy incl. time frame to fulfil a task). 872 

3. Any further constraints (imposed power limitation, for example). 873 

Step 3 (Update or clear Preliminary Power Plan): 874 

If the calculation was aborted in step 2: 875 

In this case, Actor Energy Consumer SHALL delete all power values from its Preliminary Power Plan. This 876 
corresponds to an “empty” Preliminary Power Plan. 877 

If the calculation completed successfully in step 2: 878 

In this case, Actor Energy Consumer SHALL updates its Preliminary Power Plan accordingly. 879 

Both cases end the Scenario 3. The Actor Energy Consumer MAY trigger the Scenario 3, again. 880 
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7.4.5.3.1.4 Activity branch “Disable simulation phase” ③ 881 

This is a case where Actor Energy Consumer needs to stop the simulation phase before it received a Preliminary 882 
Incentive Table. The process to stop the simulation phase is shown in Figure 23. 883 

 884 

Figure 23 — Activity branch “Disable simulation phase” diagram of Scenario 3 885 

Step 1 (Energy Consumer disables Preliminary Incentive Table change): 886 

The Actor Energy Consumer SHALL NOT allow Actor CCM to modify or create Actor Energy Consumer's 887 
Preliminary Incentive Table. 888 

This ends Scenario 3. The Actor Energy Consumer MAY trigger the Scenario 3, again. 889 

7.4.5.3.1.5 Abortion of simulation phase 890 

This is an informative subclause. 891 

There are basically three situations where Actor Energy Consumer may need to abort a simulation phase: 892 

1. Impossibility of concurrent calculations: 893 

Actor Energy Consumer may enable Scenario 2 as well as 3 in parallel. However, this does not mean that 894 
Actor Energy Consumer is also capable of executing calculations of Scenario 3 in parallel to Scenario 2. If 895 
it is not capable of parallel calculations, Actor Energy Consumer SHALL set the data point “Concurrent 896 
negotiation capability” accordingly, as described in Scenario 1. As Scenario 2 has a higher priority than 897 
Scenario 3, the receipt of a Committed Incentive Table would require the abortion of the simulation phase. 898 

2. Scenario 2 invalidates the current calculation of Scenario 3: 899 

Actor Energy Consumer may enable Scenario 2 as well as 3 in parallel and may also be able of parallel 900 
calculations in general. However, the completion of a calculation for Scenario 2 (i.e. the Committed power 901 
Plan) may alter the device's state in a way that assumptions applied for the parallel calculation of Scenario 902 
3 (i.e. the Preliminary Power Plan) are not valid anymore and cannot be completed in a meaningful way. 903 

3. Other changes of internal conditions: 904 

Actor Energy Consumer may be in a state where the execution of a simulation phase is not useful or even 905 
not possible. 906 

7.4.5.3.2 Conditions 907 

Triggering Event: 908 

This Scenario is triggered by Actor Energy Consumer to permit Actor CCM making use of a simulation phase 909 
to find a potential schedule for Actor Energy Consumer's current or imminent energy demand based upon 910 
preliminary incentives. 911 

Pre-condition: 912 

The Actor CCM knows the negotiation options of Actor Energy Consumer from Scenario 1. 913 
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The Actor Energy Consumer has no or “old” preliminary incentives for the required period. 914 

Post-condition: 915 

In case of success, the Actor Energy Consumer received updated preliminary incentives for a certain period 916 
and did provide an appropriate Preliminary Power Plan. 917 

For error cases or the abortion of the simulation phase, consider 7.4.5.3.1. 918 

7.4.5.4 Scenario 4 – Unsolicited Update of Committed Incentive Table 919 

7.4.5.4.1 Description 920 

Unlike Scenario 2, Scenario 4 enables Actor Energy Consumer to receive unsolicited updates of the Committed 921 
Incentive Table. Such updates can help Actor Energy Consumer to decide whether it should trigger Scenario 2 922 
or 3, e.g. 923 

Actor Energy Consumer SHALL permit Actor CCM to update the Committed Incentive Table. But unlike 924 
Scenario 2, Actor Energy Consumer SHALL NOT explicitly request to receive a valid Committed Incentive Table. 925 

Actor Energy Consumer MAY disable the possibility to receive updates of the Committed Incentive Table any 926 
time. This ends Scenario 4. 927 

Unlike Scenario 2, the receipt of an unsolicited Committed Incentive Table SHALL NOT be used to update the 928 
Committed Power Plan directly – Actor Energy Consumer needs to decide whether to trigger Scenario 2, for 929 
example. 930 

7.4.5.4.2 Conditions 931 

Triggering Event: 932 

This Scenario is triggered by Actor Energy Consumer. 933 

Pre-condition: 934 

Scenario 2 is currently NOT executed. 935 

Scenario 4 is currently NOT blocked by timer WAIT_INCENTIVE_WRITEABLE from Scenario 2. 936 

The Actor Energy Consumer has no or “old” incentives for the required period. 937 

Post-condition: 938 

In case of success, the Actor Energy Consumer received updated incentives for a certain period. 939 

7.4.5.5 Scenario 5 – Unsolicited Update of Committed Power Plan 940 

7.4.5.5.1 Description 941 

Unlike Scenario 2, Scenario 5 enables Actor CCM to receive unsolicited updates of Actor Energy Consumer's 942 
Committed Power Plan, but only if and only as long as the error case of Scenario 2 persists (see 7.4.5.2.1.3). 943 
Such updates can help Actor CCM for its energy management task even if Scenario 2 can currently not be 944 
executed. 945 

If this Scenario is supported and the pre-condition (see below) is fulfilled: Actor Energy Consumer SHALL update 946 
its Committed Power Plan if it anticipates substantial deviations from the already announced power values. 947 

7.4.5.5.2 Conditions 948 

Triggering Event: 949 

This Scenario is triggered by Actor Energy Consumer. 950 
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Pre-condition: 951 

The error case of Scenario 2 persists (see 7.4.5.2.1.3) and Scenario 2 is currently NOT executed: This means 952 
that Actor Energy Consumer SHALL NOT execute Scenario 5 if it is currently blocked by Scenario 2, but it MAY 953 
execute Scenario 5 otherwise if the error case of Scenario 2 still persists. 954 

The Actor Energy Consumer has valid incentives for the required period. 955 

Post-condition: 956 

In case of success, the Actor CCM received an updated Committed Power Plan for a certain period. 957 

7.4.6 Scenarios and Use Case Functions (UCFs) 958 

For each scenario, the “primary” Use Case Functions are given according to Table 8. 959 

Table 8 — Scenarios and primary Use Case Functions (UCFs) 960 

Scenario Primary Use Case Functions 

1 Announcement of negotiation options UCF_Device_Configuration 

2 Negotiation of Committed Data UCF_Incentive_Table 
UCF_Consumption_Curve 

3 Negotiation of Preliminary Data UCF_Incentive_Table 
UCF_Consumption_Curve 

4 Unsolicited Update of Committed Incentive 
Table 

UCF_Incentive_Table 
 

5 Unsolicited Update of Committed Power Plan UCF_Consumption_Curve 

7.4.7 Dependencies to other Use Cases 961 

7.4.7.1 “Monitoring of Power Consumption” 962 

The Use Case “Monitoring of Power Consumption” enables Actor CCM to monitor the actual power consumption 963 
or production of the Actor Energy Consumer. With regards to this Use Case, the data point “Total active power” 964 
of Use Case “Monitoring of Power Consumption” is of special interest. 965 

The Actor CCM SHOULD support the Use Case “Monitoring of Power Consumption”. In this case, the Actor 966 
CCM of this Use Case acts as Actor Monitoring Appliance within the Use Case “Monitoring of Power 967 
Consumption”. 968 

The Actor Energy Consumer SHOULD support the Use Case “Monitoring of Power Consumption”. In this case, 969 
the Actor Energy Consumer of this Use Case acts as Actor Monitored Unit within the Use Case “Monitoring of 970 
Power Consumption”. 971 

7.4.8 Assumptions and Prerequisites 972 

None. 973 

7.5 Install/Remove Device 974 

7.5.1 General 975 

Inform CCM about availability of a Device and register at the CCM. The device might provide customer data if 976 
required for individual features. 977 

7.5.2 Actors 978 

7.5.2.1 General 979 

The following actors participate in this use case: 980 
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7.5.2.2 CCM 981 

The CCM actor performs energy management tasks. It receives demands, configurations, and schedules from 982 
smart appliances. 983 

7.5.2.3 Device 984 

A smart device needs to be registered with the CCM so it can be monitored and controlled. 985 

7.5.2.4 User 986 

A human being. 987 

7.5.3 Scenario Overview 988 

The following Scenarios apply to this Use case (see Figure 24): 989 

 990 

Figure 24 — Install/Remove Device Scenario overview 991 

7.5.4 Scenario support requirements 992 

Table 9 below lists the requirements for each actor needed to support the scenarios listed. 993 

Table 9 — Install/Remove Device Scenario implementation requirements for Actors 994 
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1 Install Device M M 

2 Remove Device M M 

7.5.5 Scenario Flow 995 

The following Figure 25 shows the usual order of scenarios. 996 
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 997 

Figure 25 — Scenario Flow for Install/Remove Device 998 

7.5.6 Scenario details 999 

7.5.6.1 Scenario 1 – Install Smart Appliance - Registration process 1000 

7.5.6.1.1 Description 1001 

Before the Device can communicate with the CCM, the User needs to initiate its registration. 1002 

7.5.6.1.2 Conditions 1003 

Triggering Event: 1004 

The Scenario is typically triggered by the user connecting the Device to the CCM and initiating the registration 1005 
process. 1006 

Pre-condition: 1007 

The CCM does not know the Device. 1008 

Post-condition: 1009 

The CCM does know the Device, allowing it to control and monitor it. 1010 

7.5.6.2 Scenario 2 – Remove Smart Appliance 1011 

7.5.6.2.1 Description 1012 

When the Device is no longer needed, the user can de-register it from the CCM. 1013 

7.5.6.2.2 Conditions 1014 

Triggering Event: 1015 

The Scenario is typically triggered by the user disconnecting the Device from the CCM and possibly initiating 1016 
the de-registration process. 1017 

Pre-condition: 1018 

The CCM knows the Device. 1019 

Post-condition: 1020 

The CCM no longer knows the Device. 1021 

7.5.7 Scenarios and Use Case Functions (UCFs) 1022 

For each scenario, the “primary” Use Case Functions are given according to Table 10. 1023 
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Table 10 — Scenarios and primary Use Case Functions (UCFs) 1024 

Scenario Primary Use Case Functions 

Scenario 1 
Install Device 

UCF_Device_Connected 

Scenario 2 
Remove Device 

UCF_Device_Connected 

7.5.8 Dependencies to other Use Cases 1025 

None. 1026 

7.5.9 Assumptions and Prerequisites 1027 

None. 1028 

7.6 Limitation of Power Consumption 1029 

7.6.1 General 1030 

This Use Case describes how an Actor CCM manages the maximum power consumption or production of an 1031 
Actor Controllable System (CS) to achieve, e.g. the following goals: 1032 

1. Grid stabilization; 1033 

2. Prevention of overload in the low-voltage distribution network; 1034 

3. Prevention of exceeding the maximum value of the grid connection point (technical or contractual). 1035 

The following mechanisms are utilized within this Use Case: 1036 

a) Active Power Limit: The Active Power Limit allows to set a limit for the maximum active (real) power 1037 
consumption or production of a Controllable System. The Active Power Limit is typically used to improve 1038 
grid stability by reducing the consumption or production of the Controllable System. The Active Power Limit 1039 
may have a validity-duration of the limit. 1040 

b) Failsafe Power Limits: If the Controllable System does not receive any Heartbeats from the CCM for more 1041 
than 120 seconds (e.g. due to interrupted connectivity), the Failsafe Power Limits are used as fallback. 1042 
They are intended to prevent overloads in case of connectivity problems or during the soft start after a 1043 
(local) blackout situation. The Failsafe Power Limits are initially configured in the CS and can be read by 1044 
the CCM. The CCM MAY change the value of the Failsafe Power Limits. The Controllable System SHALL 1045 
remain in the failsafe state for at least the duration specified in the configuration value Failsafe duration 1046 
minimum. The vendor may choose a default value in the range of 2 h to 24 hours. The CCM can change 1047 
this duration as required in the range of 2 hours to 24 hours. 1048 

Additional information is given within the constraints section: 1049 

— Power consumption nominal max: The nominal maximum active power the Controllable System is able to 1050 
consume. 1051 

The nominal maximum value for consumption can be used to calculate the Active Power Limit for the CS, if the 1052 
CCM receives a percentage value from outside (see below). 1053 

The CS SHOULD store the values of all Scenarios persistently so they can be used after any kind of reboot. 1054 

Figure 26 depicts the high-level information exchange between the CCM and the Controllable System. 1055 
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 1056 

Figure 26 — High-Level Use Case functionality overview 1057 

In the context of this document, this Use Case is used in a Customer Connectivity Manager (CCM): 1058 

— The CCM itself receives the limits e.g. from a logic within the GCP. 1059 

— The CS is controlled by the CCM. 1060 

The CCM manages other devices that implemented the Actor Controllable System. 1061 

Depending on the status of the Heartbeat and the Active Power Limit the following behaviour can be expected 1062 
at the CS, as shown in Table 11: 1063 

Table 11 — Controllable System power limitation behaviour 1064 

Heartbeat Active Power Limit CS behaviour 

Received in time Inactive Power not limited 

Active, but duration expired Power not limited 

Active (duration not expired / no duration 
defined) 

Limited by Active Power Limit 

Not received in time Don't care Limited by Failsafe Power Limits 

If the Controllable System is not limited, it follows its normal operation, without the necessity to curtail the 1065 
consumption or production of the CS. 1066 

After a normal reset (e.g. switched off by the user or because of a blown fuse), the CS SHOULD begin with a 1067 
limited consumption or production stated in the Failsafe Power Limits. Only after the heartbeat and a first power 1068 
limit (which can be deactivated or higher than the normal consumption or production of the Controllable System) 1069 
are received, the CS starts with a its (normal) consumption or production (if admitted by the power limit). 1070 

If upon receival of the Active Power Limit the CS evaluates its inability to apply the limit, the CS SHALL inform 1071 
the CCM that the limit is rejected. This may happen e.g. due to interrupted connectivity with managed 1072 
consumers, unexpected change in the unmanaged load or a known baseload that is higher than the limit. 1073 

The CCM SHOULD monitor the actual power consumption of the CS (see “Monitoring of Power Consumption”). 1074 
The Controllable System SHOULD provide its actual power consumption. The Use Case “Monitoring of Power 1075 
Consumption” (see 7.10) SHALL be used by the CS. 1076 

The Controllable System can leave the failsafe state in two cases: 1077 

— Upon receival of a Heartbeat from the CCM and a following power limit 1078 

— After expiry of the Failsafe duration minimum 1079 

After restoration of communication, the CCM SHALL send a valid power limit within 60 s to the CS after having 1080 
determined that its last Heartbeat was received by the CS successfully. 1081 

For load control of devices running power sequences, refer to 7.3. 1082 
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