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149  European foreword

150  This document (EN 50491-12-2:2022) has been prepared by CLC/TC TC 205, “Home and Building Electronic
151 Systems (HBES)”.

152  The following dates are fixed:

+ latest date by which this document has to be (dop)  2023-02-17
implemented at national level by publication of
an identical national standard or by
endorsement

+ latest date by which the national standards (dow)  2025-02-17
conflicting with this document have to be
withdrawn
153 Any feedback and questions on this document should be directed to the users’ national committee. A
154  complete listing of these bodies can be found on the CENELEC website.

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

157  This document is part of the EN 50491 series of European Standards — General requirements for Home and
158 Building Electronic Systems (HBES) and Building Automation and Control Systems (BACS), which will
159 comprise the following parts:

160 — Part 1: General requirements;
161 — Part 2: Environmental Conditions;
162 — Part 3: Electric Safety Requirements;
163 — Part 4-1: General functional safety requirements for products intended to be integrated in Building
164 Electronic Systems (HBES) and Building Automation and Control Systems (BACS);
165 — Part 5-1: EMC requirements, conditions and test set-up;
166 — Part 5-2: EMC requirements for HBES/BACS used in residential, commercial and light industry
167 environment;
168 — Part 5-3: EMC requirements for HBES/BACS used in industry environment;
169 — Part 6-1: HBES installations — Installation and planning;
170 — Part 6-3: HBES installations — Assessment and definition of levels;
171 — Part 11: Smart Metering — Application Specification — Simple External Consumer Display;
172 — Part 12: Smart grid — Application specification — Interface and framework for customer;
173 — Part 12-1: Interface between the CEM and Home/Building Resource manager— General Requirements
174 and Architecture;
175 — Part 12-2: Interface between the Home/Building CEM and Resource manager(s)- Data model and
176 messaging;
177 — Future Part 12-3: Home/Building Customer Energy Manager (CEM);
178 — Future Part 12-4: Resource Manager.
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179  Introduction

180 Over recent decades, energy production and its consumption patterns have changed dramatically. Although
181 central energy production is still dominant, the trend for distributed production is distinctive following an
182 increasing number of renewables. Alternative energy sources are highly fluctuating in their production
183 capabilities, which may result in the grid operators having difficulty to keep a balance between energy
184 production and consumption. The complexity of keeping the grid reliable is further increased by the change in
185 the electric energy consumption and production of the customer itself, e.g. the use of electric vehicles and
186 personal generation facilities.

187 A Smart Grid that allows the grid operator to be flexible and reactive is needed. Such reactivity requires a
188 communication flow between energy consuming and producing entities, from single family houses to large
189  factories.

190 The EN 50491-12 series describes aspects of the smart grid that relate specifically to the premises
191 (home/building) part of the smart grid and describes the common interface between equipment in the
192 premises and the smart grid. This part 2 of the series defines the fundamental aspects of semantic
193 interoperability for the S2 interface and the related data exchange between a CEM and the Resource
194 Managers within the premises.

195 Different use cases are explained in Annex A, which should help to understand the philosophy of this
196 document.
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1 Scope

This document specifies the fundamental aspects of semantic interoperability for the S2 interface and the
related data exchange between a CEM and the Resource Managers within the premises. It provides a
technology independent set of data models and interaction patterns in order to enable applications for Energy
Management within the premises. This document does not include:

— mappings to concrete data representations (XML, JSON and similar);
— mappings to application protocols for the message passing;

— security related aspects.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO/DIS 15118-20, Road vehicles — Vehicle to grid communication interface

ISO 4217, Codes for the representation of currencies

3 Terms, definitions and abbreviations
3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp
— |EC Electropedia: available at https://www.electropedia.org/

3.11
Power Envelope Based Control
coordination of the CEM based on limitations to the device

Note 1 to entry: The CEM can set minimum and maximum values for the power that shall not be exceeded by the
device.

31.2

Power Profile Based Control

control type where coordination from the CEM is based on profile modification, including concepts of
sequence shifting, sequence selection

313

Operation Mode Based Control

control type where the resource manager offers the CEM multiple operation modes that the CEM could
choose from

Note 1 to entry: The behaviour of the device will be modified by selecting operation modes.
314

Fill Rate Based Control
control type based on measurements indicating the fill level and the fill rate
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315
Demand Driven Based Control
control type where the CEM can decide how a given demand should be fulfilled

3.1.6

resource manager

software component that exclusively represents a logical group of devices or a single smart device, and is
responsible for sending unambiguous instructions to the logical group of devices or to a single device,
typically using a device-specific protocol

Note 1 to entry: In the context of this document the Resource Manager manages the energy flexibility of a logical group of
devices or a single smart device.

Note 2 to entry: The Resource Manager may be implemented in a special device, in the smart device itself or outside of
the device.

Note 3 to entry: The Resource Manager typically consist of a communication handler (information layer, strictly related to
data format and protocol handling) and an application handler (application layer, related to functional extensions of the
CEM).

3.1.7

role

categorization of the behaviour of a participant by its capabilities related to energy management, each
participant at least supporting one

3.1.8
S$1 communication
interface between CEM and energy management gateway

3.1.9
S$2 communication
interface between CEM and resource manager

3.1.10

smart grid

electric grid including a variety of operational and energy measures as well as control of the production and
distribution of electricity

3.1.11
smart grid operator
instance requesting energy profiles from the CEM in order to keep the grid stable and reliable

3.1.12
tariff based energy management
optimization strategy for energy management based on variable tariffs according to user’s requirements

3.1.13
time slot
fixed period of time with a specific duration

3.1.14

use case

describes interactions between an actor and another actor or a system to achieve a specific goal, either very
abstract or very detailed; can be nested

3.1.15
user
either a person (e.g. installer or resident) or surrogate service
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3.1.16
prosumer
household or device that produces and consumes energy of the same commaodity

3.1.17

single application smart system

group of devices having a communication interface for a single application such as heating or lighting, that
consume, produce or store energy (or a combination thereof) and that can be controlled by a resource
manager for the purpose of energy management

3.1.18

home and building electronic system

building automation control system

logical group of devices which uses a multi-application communication system where the functions are
distributed and linked through a common communication process

Note 1 to entry: HBES/BACS is used in homes and buildings plus their surroundings. Functions of the system are e.g.:
switching, open loop controlling, closed loop controlling, monitoring and supervising.

“ o«

Note 2 to entry: In literature, HBES/BACS could also be referred to as “home control system/network®, “home electronic

system” “building automation system”, etc.

Note 3 to entry: Examples of HBES/BACS applications are the management of lighting, heating, energy, water, fire
alarms, blinds, different forms of security, etc. See introduction in EN 50491-4-1|.

3.1.19
abnormal condition
situation in which a Resource Manager shall sacrifice user comfort when requested by the CEM

3.2 Abbreviations

Abbreviation Description

API Application Programmable Interface

BACS Building Automation Control Systems

CEM Customer Energy Management

CHP Combined Heat and Power

DDBC Demand Driven Based Control

EM Energy Management

EMG Energy Management Gateway

EV Electric Vehicle

FRBC Fill Rate Based Control

HBES Home and Building Electronic Systems

HMI Human-Machine Interface
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Abbreviation Description

I/F Interface

M/O Mandatory / Optional

M Mandatory

(0] Optional

OMBC Operation Mode Based Control
PEBC Power Envelope Based Control
PPBC Power Profile Based Control

PV Photovoltaics

RM Resource Manager

RTP Real Time Pricing

SASS Single Application Smart System
SG Smart Grid

TBEM Tariff Based Energy Management
TOU Time Of Use

95PPR 95 Percent Probability Range
68PPR 68 Percent Probability Range

302 4 Energy management
303 4.1 Architectural overview

304 In EN 50491-12-1, the system architecture of the Smart Grid premises side is described. It includes the
305 common interface between the equipment in the home/building, referred to as the Customer Energy Manager
306 (CEM), and the Smart Grid (SG), referred to as the Energy Management Gateway (EMG). The
307 communication between the EMG and the CEM is referred to as the S1 communication whereas the
308 communication between the CEM and the Resource Manager on the premises side is referred to as the S2
309  communication.
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Figure 1 — Architectural overview of Premises smart grid system

Although the solution specified in this document mainly refers to S2 Communication, data that will be
transmitted via S1 needs to be considered as well. However, this document does not specify S1
Communication.

4.2 Definition

A HBES/BACS/SASS or (Smart) device is usually purchased to fulfil a goal of the end user of the device or
devices. For example, the goal of the end user of an electric boiler is to have hot tap water, and the goal of the
end user of a heat pump is to have a comfortable room temperature. Meeting these goals is what is defined
as user comfort.

Although these goals shape the behaviour of a Smart Device, they do not completely define it. There might be
multiple ways in which the goal of the end user can be achieved. For example, when there is still enough hot
water in the electric boiler, the heating of the water could be postponed. In other words, there is some
flexibility in achieving the goal of the end user. This is illustrated by Figure 2.

A battery or electric vehicle has a particular target state of charge at a particular moment in time. There are
multiple ways to achieve this target, each with their own associated power profile. While all power profiles
achieve the target state, these profiles can have a big impact on the power grid. Influencing how a device
achieves its targets is what is defined as Energy Management. However, not all HBES / BACS /SASS or
(Smart) devices have an explicit goal. For example, the sole purpose of a stationary battery might be to
perform Energy Management; there is no other goal from the end user.
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331 Figure 2 — Example of how different power profiles can achieve the same target state

332 Energy Management always involves one or multiple types of energy which are exchanged with the grid, such
333  as electricity (exchanged with a power grid), natural gas (exchanged with a gas grid) or heat (exchanged with
334  aheat grid). These types of energy might be interconnected in the behaviour of the device.

335 For example, a (micro) CHP typically consumes natural gas, but at the same time produces electricity. For
336 Energy Management purposes, it is necessary to know the behaviour of HBES / BACS /SASS or (Smart)
337  devices with respect to these types of energy. These different energy types that are exchanged with a grid are
338 referred to as commodities.

339 4.3 Energy Management roles
340 431 General

341 In the S2 ecosystem, there are multiple entities fulfilling roles. This subclause gives an overview of these roles
342 and gives concrete examples. Each role assumes a specific functionality and behaviour for a specific
343 Commodity and is attributed to the entity by the entity itself. Entities referred to with roles are defined as EM
344 (Energy Management) Participants. EM participants can fulfil one or multiple of these roles:

345 — energy management;
346 — energy producer;
347 — energy consumer;
348 — energy storage.

349 4.3.2 Energy producer role
350 4.3.21 Description

351 An Energy Producer is an EM participant that produces energy. It can operate under specific capabilities and
352  constraints such as additional costs or the maximum amount of energy. As other EM participants, especially
353 the CEM, need to know these capabilities and constraints, each Energy producer shall provide a control type
354 that contains those capabilities and constraints.
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355 In general, all Energy Producers are categorized by their flexibility of energy production. Controlled Producers
356 are able to adapt their production whereas Uncontrolled Producers do not have that capability.

357 4.3.2.2 Controlled Producers

358 Controlled Producers can adjust the amount of energy they are producing according to their capabilities and
359  constraints (e.g. max power). They need to communicate the flexibility of energy production behaviour to the
360 CEM, which in turn will send instructions to trigger changes.

361 4.3.2.3 Uncontrolled Producers

362 Uncontrolled producers are those energy generating EM participants that do not offer a way to influence their
363 mode of operation and thus cannot offer flexibility of power to the CEM.

364 Photovoltaics can be an example of an uncontrolled producer, if for example the inverter does not offer any
365 curtailment functionality. In case such curtailment options are available, the device should expose the
366 controlled producer role. This example shows that, ultimately, it is not the type of device but its feature set that
367 determines which role (controlled or uncontrolled producer) applies.

368 Additionally, Uncontrolled Producers will typically be less predictable than controlled producers, because they
369 offer much less control over when they are able to operate in a specific range of their operational parameters.
370 In those cases, it is especially important for the CEM that Uncontrolled Producers can provide a power
371 forecast of expected power levels and their probabilistic variations.

372 4.3.3 Energy consumer role
373 4.3.3.1 Description

374 All EM participants that consume energy and utilize the provided energy to conduct some form of work are
375 grouped as Energy Consumers. The fed energy is thus transformed to work, heat, etc. and can generally not
376 be regained from the EM participant. This role includes standard home EM participants that participate
377 actively in the EM network. Examples include water heaters, air conditioner or electric vehicles.

378 Every Energy Consumer can support the CEM by providing measurements, forecasts and/or control options.
379 4.3.3.2 Water heater

380 A water heater is an EM participant that utilizes power to heat water. Flow heaters are heating water while it
381 flows through and thus need to react on demand and are out of scope here. Water heaters with storage
382 capability form the relevant use case from a demand side management perspective as they can operate in
383 flexible boundaries to keep the stored water at a given level and temperature.

384 Water heaters are usually categorized by their maximum capacity in litres and the energy they need to heat
385 water and to keep it at a given temperature. During operation time, the operational mode of the water heater is
386 influenced by the water capacity and the minimum temperature required for the stored water.

387 Depending on the use of water heaters, the needed energy for heating water as well as the possibility to store
388 hot water, water heaters are well suited to support efficient Energy Management.

389 4.3.3.3 Air Condition
390 Air conditions are EM participants that utilize energy to cool down the air in a building. In contrast to water

391 heaters, they typically do not have any storage capabilities themselves, but the room may be used as a buffer
392 if a certain bandwidth in temperature is allowed.

393 In this way, an air condition is also able to shift the power load in time in order to fulfil energy management
394 requirements.
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395 4.3.4 Energy storage role
396 4341 Description

397 Furthermore, EM participants that can store energy play an important role in managing energetic
398 environments as they are able to take energy in when it is abundant (or cheap) and release energy when it is
399 scarce (or expensive). It has to be noted that this capability comes with consequences, e.g. storing energy
400 requires more energy than what can be released at a later point. Every Energy storage shall be able to
401 declare its storage capacity including any consequences.

402 4.3.4.2 Stationary battery

403 Batteries are the standard EM participants when it comes to storing electricity. They are available with various
404 capacities and can greatly contribute to balancing loads for premises, on grid level or in other environments.

405 While a battery is mainly defined by its capacity, charging time, required current and efficiency (ratio of
406 consumed energy to released energy), which also play an important role in utilizing this EM participant
407 optimally.

408 4.3.4.3 Electric vehicle

409 In addition to fixed batteries installed at a fixed location, mobile batteries (usually stored in electric vehicles)
410 shall be considered as well.

411 Mobile batteries share all properties and operational parameters of stationary batteries, however, they have
412 the added property of mobility, which means a mobile battery can appear in or disappear from a system at any
413 point in time. They are thus less reliable than stationary batteries.

414 Furthermore, to use mobile batteries to optimize the utilization of energy in a system, the mobility
415 requirements shall be considered. l.e. an electric vehicle shall be charged at a given (scheduled) time and
416 should sometimes not be drained below a certain level, which would render the vehicle immobile.

417 5 Resource Manager

418  The Resource Manager has a gateway function with embedded intelligence. It is a software component that
419 represents a single energy flexibility. This specification does not define where the Resource Manager runs
420 physically. This could for example be on the Smart Device itself, on a separate device or in the environment of
421 the manufacturer (e.g. Cloud services).

422  The Resource Manager connects on one side with the CEM using S2, and on the other side with a HBES /
423  BACS / SASS or (Smart) device. How the Resource Manager communicates with the HBES / BACS / SASS
424  or (Smart) device is out of scope for this document.

425  For example, when a Resource Manager is implemented on the Smart Device itself, a local API can be used.
426 It could also communicate through another device or a domain specific protocol.

Documents
Document Sharin.gsHub

Full document details: BS EN 50491-12-2:2022


https://doi.org/10.3403/BSEN50491?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-50491-12-2-2022
http://www.avadocuments.com/doc/bs-en-50491-12-2-2022

EN 50491-12-2:2022 (E)

additional information,
required by RM

protocol abc HBES / BACS system /
Smart Appliance /
Smart Device

protocol abc HBES / BACS system /
Smart Appliance /
Smart Device

HBES / BACS system /
protocol xyz Smart Appliance /
Smart Device

protocol def

additional information,
required by RM

427

428 Figure 3 — Example Resource Manager and HBES/BACS/smart appliance/device combinations

429 Figure 3 shows a number of possible combinations which are typical in a real-world installation. Annex A
430 provides detailed examples that help to better understand this conceptual architecture

431 Fundamentally, the RM exchanges information with the CEM to fulfil the needs of energy management. On its
432 other side, the RM exchanges information with the device(s) to fulfil the needs of the user and the
433 device/service. In order to take the right decisions, additional information might be required that is not supplied
434  to it by the S2 or its native interface(s). This could be weather forecast information in order to improve the
435 production forecast of a solar panel, the communication with third party services for user behaviour prediction,
436  etc. From the CEM’s perspective, the combination of Resource Manager and device(s) is responsible for
437 maintaining user comfort and device integrity. This means that when a CEM fails to send proper instructions
438 to a Resource Manager, and therefore the Resource Manager gets in conflict with the comfort requirements
439 from the user, or in conflict with a safe operation of the device, the Resource Manager shall handle those
440 instructions to the best of its ability and possibly reject them. However, if a CEM needs to act against device
441 specific user comfort goals, the proper mechanism is to use the abnormal condition feature described in 7.3.

442 The Resource Manager acts as a barrier between the device specific side and the domain specific side. On
443  the device-specific side, it communicates with the HBES/BACS/SASS or (Smart) device using a specific API
444 or protocol, which is usually tailored towards the specific device or device category. On the domain specific
445 side, the Resource Manager communicates with the CEM using S2. It could, however, also communicate with
446 other software components for domains other than energy management, e.g. home automation, ambient
447 assisted living, or remote maintenance. Functionality for these other domains is out of scope for this
448  specification.

449 It is the task of the Resource Manager to inform the CEM about the capabilities and constraints of the
450 HBES/BACS/SASS or (Smart) device in the context of energy management. In order to do that, a Resource
451 Manager typically has to enrich information that it receives from a HBES/BACS/SASS or (Smart) device. For
452 example, an electric boiler could inform the Resource Manager using a device specific protocol whether it can
453  turn-on or off. For the CEM, the concept of on or off is insufficient. It needs to know what the energy
454 consuming or producing behaviour is when the device is on or off. In this example, the Resource Manager
455 needs to inform the CEM that when the device is on, it will consume 2 000 W, while when it is off, it only
456 consumes 10 W. This means that the Resource Manager shall enrich the information it receives from the
457 Smart Device. A Resource Manager could, for example, do that using a lookup table, by learning the
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458 observed device’s behaviour, or by consulting an external information source, which is represented as
459  “additional Information” in Figure 3.

460 6 Customer Energy Manager (CEM)
461 6.1 General

462 The CEM is a software component that is responsible for energy management within the premises. This
463  specification does not define where the CEM runs physically. This could, for example, be on a gateway device
464 within the premises, on a Smart Device or in a manufacturer specific environment.

465  The CEM communicates with the Resource Managers using S2 to obtain the capabilities and constraints from
466  devices and find the most optimal allocations for the devices. What is optimal depends highly on how the
467 energy system of a country or region is organized and which (financial or other) incentives there are for
468  energy consumers or producers to alter their energy behaviour. Since it is very likely that different optimization
469  targets will co-exist, there will probably be many CEM implementations, each implementing their own
470  optimization strategy.

471 Three categories of optimization targets for CEMs can be identified:

472  — local optimization (6.2);
473  — implicit control (6.3);
474  — explicit control (6.4).

475  In the case of Local optimization, S1 as defined in Figure 1 might for example be used to communicate smart
476 meter data to the CEM, but not to send it control signals. With Implicit or Explicit control, S1 will also be used
477  to deliver control signals to the CEM.

478 The following subclauses discuss examples of the optimization strategies.

479 6.2 Local optimization

480 With local optimization goals, no or only little information from outside the premises is necessary to optimize
481 the energy behaviour.

482 One example is optimizing the energy consuming and producing behaviour towards the constraints of a grid
483  connection. Usually, the price for a grid connection is significantly lower for connections with a lower
484 maximum power capacity. For example, some locations (e.g. offices) require multiple charging points for
485 electric vehicles. The combined charging power of all charging points would require a very expensive grid
486  connection. A CEM could reduce charging power dynamically and optimize for a lower grid connection, saving
487 the costs of a grid connection with more capacity. A sophisticated CEM could even prioritize cars that need to
488 leave soon or could incorporate a stationary battery that charges while there are no cars charging, so cars can
489  charge faster at other moments.

490 Another example is optimizing for deferring energy tariffs for production and consumption. In some countries,
491 prosumers receive a lower price per kWh when they feed energy into the power grid, than when they
492 consume energy from the grid. This incentivizes prosumers with local production (e.g. solar panels) to directly
493  consume energy when it is available, or to store it locally as an alternative to feeding the power at one point in
494 time and buying it back from the grid at another point in time. Given the different tariffs, a CEM could optimize
495  the energy producing and consuming devices inside the premises, in order to minimize unnecessary export of
496  energy. This can be done without the need of receiving external signals. It only needs to be informed about
497 local energy production and consumption to find the optimal allocation.

498 6.3 Implicit control
499  With implicit control schemes, the CEM receives an incentive signal from a Smart Grid Operator through S1. It

500 is up to the CEM to decide what its response to this signal is. There is no need for the CEM to inform the
501 Smart Grid Operator on what its capabilities are or what actions it is going to take.
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502  The Tariff Based Energy Management (TBEM) is an example of an optimization strategy based on predefined
503 tariffs whereby the consumer adapts his energy consumption to decrease energy costs. TBEM can be defined
504 as the changes in electric usage by prosumers from their normal consumption patterns in response to
505 changes in the price of electricity over time.

506 TBEM can also be defined as the incentive payments designed to induce lower electricity use at times of high
507 wholesale market prices or when system reliability is jeopardized. TBEM includes all intentional modifications
508 to consumption patterns of electricity of end use customers that are “intended to alter the timing, level of
509 instantaneous demand, or the total electricity consumption”. See also CEN CENELEC ETSI, Smart Grid
510 Coordination Group — Sustainable Processes, 2012 for details.

511 For this, a Smart Grid Operator transmits a tariff to the customer inside the premises. The customer adapts
512  their energy consumption or production to the tariff. In this context:

513 — Time-of-use (TOU) tariffs are usually static tariffs and provide different price levels for different Time
514 Slots. The customers have advance knowledge of the tariffs, their time slots, as well as the associated
515 price;

516 — Real-time-pricing (RTP) tariffs provide different price levels that can be changed in real time depending
517 on occurring events in the Smart Grid. Consequently, RTP tariffs can depend on the renewable
518 generation in a power grid and provide an appropriate incentive for customers to adapt their energy
519 behaviour indirectly to this.

520 As a result, TBEM use cases lead to an increased consumption of renewable energies by end-use customers
521 and thus by premises. In turn, the increased consumption of renewable energies helps to better cope with the
522 volatility of renewable energies and helps solving challenges in power grids.

523 6.4 Explicit control

524 Explicit control, also referred to as Demand Side Management, is based on S1 communication with the aim to
525 adjust the energy consumption or production directly and achieve the optimization targets. The CEM informs
526  the Smart Grid Operator about its capabilities. Based on this, the Smart Grid Operator will send instructions
527  towards the CEM. An Energy Management entity like the EMG communicates with the CEM which, in turn,
528 communicates directly with energy producers, storages and consumers in the building via the S2
529  communication to adapt the energy behaviour. With explicit control, the Smart Grid Operator has detailed
530 knowledge of what the result of sending control signals will be. Usually, explicit control is based on bilateral
531 contracts between the owner of the CEM and a Smart Grid Operator.

532 Some versions of explicit control signals are very intrusive. For instance, German utilities can in some cases
533 decrease the power feed-in of big photovoltaic systems and windfarms via a ripple control. It should be noted,
534 however, that explicit control is not in contradiction to prosumer autonomy or even device autonomy. The
535 CEM should only expose capabilities that the prosumer is willing to expose. For example, a prosumer may be
536  willing to let the CEM influence the temperature of a heat buffer, but only if the building is sufficiently heated
537 according to the setpoint of the prosumer. Also, the CEM should only expose capabilities that do not interfere
538 with the operation of devices. When a device needs to turn off because it, for example, reached a critical
539 temperature, the CEM should not expose any other option than turning off the device. Ultimately, CEMs can
540 be programmed to only accept instructions which do not interfere with the comfort and safety of the prosumer.

541 A typical example of explicit control is where an Aggregator influences the energy behaviour of a household
542 and the household is financially compensated for exposing these capabilities to this Aggregator. The
543 Aggregator, in turn, can earn money by optimizing the energy purchase on energy wholesale markets. It could
544 also make money by providing auxiliary services to system operators or by providing congestion management
545 services towards DSOs, for which implicit control systems are typically not suitable.

546 6.5 Summary
547 There are many possible optimization targets that CEMs could implement. Which optimization target is
548 relevant for the owner of the CEM depends on local rules and regulations, how the energy system is

549 organized, market conditions, technological advances and the type of devices that are managed. Also,
550 different optimization targets may be combined within one CEM (e.g. TOU tariffs, explicit curtailment for solar

Documents
18 Document Sharing Hub

Full document details: BS EN 50491-12-2:2022


https://doi.org/10.3403/BSEN50491?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-50491-12-2-2022
http://www.avadocuments.com/doc/bs-en-50491-12-2-2022

EN 50491-12-2:2022 (E)

551 panels). Whenever the optimization goal of the prosumer changes, the CEM implementation can (from a
552 technical point of view) easily be exchanged for another implementation, without the need of changing devices
553 or the firmware running on these devices.

554 Nevertheless, an approach is needed that allows the EMG to influence the energy behaviour of the premises
555 without having knowledge of every element of the entire infrastructure. The decision on how to achieve
556 flexibility of energy consumption and production units should either be made by the CEM or the devices
557  directly.

558 7 Energy Management Concepts
559 7.1 General

560 This Clause explains the energy management concepts that are used by the S2 interface. It will provide the
561 necessary context to aid the understanding of the actual specification itself.

562 7.2 Design philosophy

563  The design philosophy of the S2 interface is to divide the energy management responsibilities between the
564  CEM and the resource manager. As explained in Clause 5 and in Clause 6, the Resource Manager describes
565 the ‘technical’ flexibility capabilities and constraints, whereas the CEM focuses on how to utilize the value of
566 that flexibility by considering incentive schemes for example.

567 It is not possible to create an exhaustive list of all possible smart devices and all possible CEM strategies for
568 the expected lifetime of the S2 specification, let alone all possible combinations of devices and CEMs. For this
569 reason, the S2 interface supports a clear separation of concerns between devices and CEMs by focusing on a
570  generic description of energy flexibility. The flexibility capabilities that smart devices provide can be mapped
571 onto this generic description of flexibility, while it also does not impose any limitations on CEM algorithms to
572 exploit this flexibility in a specific way.

573  While cost may play a role in CEM algorithms for the overall optimization, the flexibility capabilities of
574 individual resources are described from a technical perspective rather than from a commercial perspective.
575  The only exception is when Resource Managers need to express specific running costs (e.g. due to wear and
576  tear, like in 8.4.3.3) that the CEM might need to be aware of in order to pursue its algorithms objective.
577 Resource Managers are intentionally not aware of the overall optimization strategy that the CEM will use.

578 The following paragraphs explain the energy management concepts that are communicated over S2 from the
579 Resource Manager to the CEM. First, the measurements and power forecasts are described. They provide
580 the CEM with useful information about the (future) behaviour of a device, but do not give the CEM the option
581 to control energy flexibility. The ability to control a device is explained in detail in 7.6.

582 7.3 Abnormal condition

583 As explained in 4.2, the objective of the CEM is to utilize flexibility of smart devices, HBES, BACS or SASS,
584  without compromising user comfort. However, in some extreme situations, it might be desirable to go against
585  the wishes of the end user and sacrifice user comfort, for example to avoid a complete black-out. Sacrificing
586  user comfort can have a severe impact on the end user, and could, for example, lead to buildings that are too
587  hot or too cold, cold showers and insufficiently charged electric vehicles. A situation in which user comfort
588 may be sacrificed is defined as an abnormal condition.

589  What exactly constitutes as an abnormal condition is up to the CEM implementation and might be subject to
590 (local) laws and regulations. However, an abnormal condition should be avoided, and only be applied when it
591 would otherwise result in an even greater discomfort or damage. For example, a CEM might receive an
592  abnormal condition signal directly from the DSO, and a DSO could only be allowed to send that signal if it can
593 prove that it has done everything else it could do to avoid a black-out.

594  Resource Managers can indicate which behaviour is available during abnormal conditions. A CEM can only
595 use this behaviour when it indicates with an Instruction that there is an abnormal condition. Devices capable
596  of dealing with abnormal conditions should always indicate these options to the CEM. Resource Managers or
597  any of the underlying systems, should always guarantee safe operation and avoid extreme wear of devices,
598  even during abnormal conditions.
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599 7.4 Power measurements

600 If power measurements are available, they will be provided to the CEM by the Resource Manager. It is
601 important to stress that this only concerns power measurements of one the supported commodities (e.g.
602 electricity, gas or heat), and only power which is exchanged between the device and the (local) grid.
603 Measurements of other quantities (e.g. rpm values of a washing machine) or power measurements of
604 individual components of the device (e.g. power usage of the electric motor) are currently not foreseen
605 through the S2 interface as it cannot be assumed that the CEM knows how to interpret and process such
606 measurements.

607 7.5 Power forecasts

608 It can be very useful for a CEM to know in advance what the future energy usage of a device will be. This is
609 true for both controllable and non-controllable devices. Such a forecast can be used by an energy
610 management algorithm to establish the base load it will have to work with. If a device is capable of forecasting,
611 its Resource Manager can use the power forecast to communicate the forecast to the CEM. An example of
612 such a device would be a solar panel that uses the weather forecast to predict its power profile for the next
613 two hours.

614 The power forecast is associated with one or multiple commodity-quantities and contains ordered elements
615 which all contain a duration, an expected power value and optionally a description of the known statistical
616 certainty of that expected value. A CommodityQuantity is a data structure that combines a commodity (e.g.
617 natural gas) and the associated quantity for expressing power (e.g. litres per second), and in the case of
618  electricity the power phase(s).

619 7.6 Control types
620 7.6.1 General

621 There are five control types that can be used by the Resource Manager to describe the energy flexibility that a
622 device shall offer. These control types are chosen in such a way that they cover all the flexibility options that
623  can be found in smart devices. A Resource Manager may support multiple control types. Charging of an EV
624  for instance, may be controlled by Power Profile Based Control or Fill Rate Based Control.

625 The CEM decides which control type to use. There can be only one active control type at the same time, but
626 different control types may be used sequentially. A Resource Manager will only be controlled by one CEM at a
627 time.

628 The control types are explained in more detail in the following paragraphs.

629 7.6.2 Power Envelope Based Control
630 7.6.2.1 General

631 The Power Envelope Based Control is used for devices that can be influenced to use a minimum and/or
632 maximum amount of power over time. So the CEM cannot control the amount of power produced or
633 consumed by the device directly, but it can dictate power limits, which can change over time. The Resource
634 Manager informs the CEM with which power limits it can work. Optionally, the Resource Manager can also
635 instruct the CEM how much energy it needs to consume or produce in a certain timespan, which the CEM
636 shall take into consideration while setting power limits.

637 A typical example is curtailing solar panels. The amount of power converted by the inverter of a solar panel
638 cannot be controlled; this directly depends on the amount of solar irradiation. However, in some cases it might
639 be desirable for the inverter to convert less electricity (e.g. due to congestion in the power grid). In this case
640 the CEM can provide a PowerEnvelope, which for different time blocks provides a minimum and a maximum
641 amount of power the inverter is allowed to convert.

642 Another example is charging an electric vehicle. Although the ControlType Fill Rate Based Control is much
643 more desirable for charging electric vehicles (since it gives the CEM more information, so it can do better
644 optimizations with more value to the power grid and the owner of the electric vehicle), in some cases there is
645 not enough information available and the Power Envelope Based Control provides an alternative.
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VPEBC.PowerEnveIopeInstruction P ~
id: 32cfd PEBC.PowerEnvelope
execution_time: 10.00 id: 32cfe
abnormal_condition: false commodity_quantity: ELECTRIC.POWER.L1
power_constraints_id: b31d0
1kW
e upper_limit
T
g — i Lower_limit
S S————
ow Time >
\§ J
646 J
647 Figure 4 — Example of a PEBC.Instruction from the CEM containing a PowerEnvelope

648 A Resource Manager can inform the CEM of its planned behaviour through a PowerForecast. Figure 4
649 provides an example of what a PEBC.Instruction from the CEM containing a PowerEnvelope can look like. A
650 PowerEnvelope is a profile that describes an upper and a lower power limit at different points of time. The
651 profile starts at the ‘execution_time’ as described in the PEBC.Instruction. It is associated with one
652 CommodityQuantity and contains ordered elements which all contain a duration, a lower limit and an upper
653 limit. The CEM can send different PEBC.Instruction objects for different timespans. Positive numbers indicate
654 load and negative numbers indicate generation, and the number for the lower limit shall always be equal or
655 lower than the upper limit. This means that, for example, when curtailing PV production, it is actually the lower
656 limit that indicates the maximum amount of electric power that can be produced by the installation.

657 If a Resource Manager provided a PowerForecast to the CEM, and it has processed a PowerEnvelope, it shall
658 provide the CEM with an updated PowerForecast if the PEBC.Instruction caused the device to change its
659 (future) power behaviour. Figure 5 illustrates how a PowerEnvelope can influence the PowerForecast
660 provided by the ResourceManager.

4 N

upper_limit

Originally forecasted power

‘o Updated forecast after
applying PowerEnvelope

lower_limit

661 - )

662 Figure 5 — Example of how a PowerEnvelope can influence the PowerForecast

663 It is important to emphasize that the CEM is not free to pick any PowerEnvelope; it shall be something the
664  device could actually adhere to. So the Resource Manager first needs to describe what the PowerEnvelope
665  can look like by communicating what its power and energy constraints are for a certain period of time.

666 7.6.2.2 Power Constraints
667 The power constraints are describing the power ranges in which either the upper limit or the lower limit can be
668  placed by the CEM. Figure 6 shows a common example based on an EV charging station where only the

669 upper limit is curtailable and the lower limit is a fixed at the zero power level. This is the most common
670  description of a curtailable energy consumer.
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20 kW . upper_limit )
PEBC.AllowedLimitRange 20 kW -
commodity_quantity: ELECTRIC.POWER.3_PHASE_SYMMETRIC H :
limit_type: UPPER_LIMIT H H
abnormal_condition_only: false H H
NumberRange H i

N | Jstart_of range: 3.000 N —m—m H

« | lend_of_range: 20.000 o

13 L

5 8

OW & = oW arF=
Time > Time 2> lower limit
PEBC.AllowedLimitRange
commodity_quantity: ELECTRIC.POWER.3_PHASE_SYMMETRIC
limit_type: LOWER_LIMIT
abnormal_condition_only: false
,20 kW [NumberRange ,20 kW

start_of_range: 0
lend_of range: 0

Step 1: Resource Manager sends PowerConstraints Step 2: CEM sends PowerEnvelope which complies to the received
PowerConstraints

Figure 6 — Simple PowerEnvelope example based on EV charging

For the rare case that a device can only make discrete steps, it is possible to define multiple ranges for the
same limit, and it is possible to define a single value instead of a range. Figure 7 provides an illustration of the
full theoretical possibilities of power constraints even when a device combining all such characteristics may
most likely not exist in the real world.

~ N [ — )
i upper_limit
1kw PEBC.AllowedLimitRange UPPER_LIMIT 1kw —_—
N PEBC.AllowedLimitRange UPPER_LIMIT N —— H
ow S PEBC.AllowedLimitRange LOWER_LIMIT ow o
Time 2> Time 2>
H i
PEBC.AllowedLimitRange LOWER_LIMIT ..
- lower_limit
-1 kw -1 kW
\ J L J
Step 1: Resource Manager sends PowerEnvelopeConstraints Step 2: CEM sends PowerEnvelope which complies to the received

PowerEnvelopeConstraints

Figure 7 — Theoretical example of how a Resource Manager can constrain the upper_limit and
lower_limit of the PowerEnvelope

The Resource Manager can define these constraints with the PowerConstraints element. This data structure
describes what the allowed value ranges for the upper limit and the lower limit in the PowerEnvelope are.
When necessary, the Resource manager can change its PowerConstraints over time.

It can also be important for a CEM to understand what the consequence is of applying a PowerEnvelope.
There are two possibilities:

— Vanish: The load or generation that is limited will vanish. This is for example the case with curtailing
production from solar panels; the potentially generated energy is lost and will never reappear.

— Defer: The load or generation that is limited is postponed to a later moment: This can for example be the
case with charging an electric vehicle; when a PowerEnvelope is applied, the car will simply charge
slower and will take longer to fully charge. The load is merely postponed.
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(PEBC.PowerConstraints h

id: b31d0

valid_from: 10.00

valid_until: 18.00

consequence_type: DEFER
PEBC.AllowedLimitRange PEBC.AllowedLimitRange
commodity_quantity: ELECTRIC.POWER.L1 commodity_quantity: ELECTRIC.POWER.L1
limit_type: UPPER_LIMIT limit_type: UPPER_LIMIT
range_boundary.end_of_range: 550 range_boundary.end_of_range: 1100
range_boundary.start_of_range: 400 range_boundary.start_of_range: 800
abnormal_condition_only: false abnormal_condition_only: false
(PEBC.AllowedLimitRange PEBC.AllowedLimitRange
commodity_quantity: ELECTRIC.POWER.L1 commodity_quantity: ELECTRIC.POWER.L1
limit_type: LOWER_LIMIT limit_type: LOWER_LIMIT
range_boundary.end_of_range: 150 range_boundary.end_of_range: -500
range_boundary.start_of_range: 0 range_boundary.start_of_range: -500
Labnormal_condition_only: false abnormal_condition_only: false

| J

Figure 8 — Example of the PowerConstraints based on Figure 7

Based on the example PowerConstraints shown in Figure 7, the CEM shall respond with a PowerEnvelope
with elements with a lower_limit with the value —500 or a value in the range between 0 and 150, and an
upper_limit with values in the range between 400 and 550 or the range between 800 and 1100.

7.6.2.3 Energy Constraints

While there always need to be clearly defined power constraints the usage of the EnergyConstraints element
is optional. That data structure allows the Resource Manager to describe for specific time periods what it
considers as acceptable levels for the average power.

A very common example for EnergyConstraints is the charging of an electric vehicle. While the charging
station technically has very high levels of freedom when it comes to its charging power, it also knows that it
needs to transfer a certain amount of energy during a certain period of time to meet the vehicle's mobility
needs. The Resource Manager of a charging station could theoretically achieve that goal by reacting to each
PowerEnvelope curtailment with updated PowerConstraints which are defined in such a way that the mobility
needs can be met. This approach, however, reduces the overall flexibility of the system and it might limit or
even contradict the planning strategy of the CEM. So a more flexible approach would be for the Resource
Manager to keep the PowerConstraints constant and communicate additional EnergyConstraints.

Since EnergyConstraints are locking the average power into a certain range, they enable the system to reach
both goals. The CEM can still utilize the widest possible power curtailment choices, but at the same time the
PowerEnvelope will need to ensure that the Resource Manager can transfer the necessary amount of energy,
as defined in the energy constraints.

7.6.3 Power Profile Based Control

The Power Profile Based Control type is typical for devices that perform a task (with a clear start and end)
with a corresponding power profile that is known or can be predicted. Their main flexibility comes from the
ability to change the start time of that power profile. Flexibility can also come from pausing the power profile or
providing a small number of alternative power profiles for the CEM to choose from.

White goods, such as a washing machine with a delayed start option, are good examples of this category. A
consumer fills the washing machine with dirty clothes, selects a program and chooses the final time by which
this program should be finished. The Resource Manager communicates the power profile associated with the
program and the deadline to the CEM, and the CEM can then decide what the best possible start time is,
giving its optimization objectives.
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GPBC.PowerProfiIeDefiniton )
id: d22ed710-88d4-4ac5
start_from: 17:00
end_before: 21:00

[PPBC.PowerSequenceContainer R
id: d22ed710-88d4-4ac9
- N
PPBC.PowerSequence p ~
id: d22ed710-88d4-4ac8 PPBC.PowerSequenceContainer
is_interruptible: false id: 083930c7-30b4-4874
max_pause_bef.ore: 0s (PPBC.Powersequence h
abnormal_condition_only: false id: 084930c7-30b4-4874
A /PPBC.PowerSequenceContainer h is_interruptible: false
S id: dalc32d6-daa2-4676 max_pause_before: 5m
2 j] (o ) abnormal_condition_only: false
Time > PPBC.PowerSequence - —only:

L Y. id: dalc32d6-daa2-4876

/I\
> ||is_interruptible: false |:> g
(PPBC.PowerSequence h §|—

. max_pause_before: 10m o
id: 2271addc-44f0-41dc abnormal_condition_only: false fme

is_interruptible: false N =

max_pause_before: 0s T (PPBC.PowerSequence h
abnormal_condition_only: false % :D id: b32d7b16-302-4afd

™ Time > is_interruptible: false

o] \_ /

;|_| —] max_pause_before: 5m

CET. o J abnormal_condition_only: false

ime 2>
\_ J 0
o
2
(PPBC.PowerSequence ) 2\:’
id: 6725ed86-2592-4314 Time =
is_interruptible: false t )j
max_pause_before: Os
abnormal_condition_only: false
2
&
Time >
\_ J
o %
721 - y,
722 Figure 9 — Example of a power profile definition

723 The Resource Manager describes all possibilities to execute its task to the CEM wusing a
724  PPBC.PowerProfileDefinition, as illustrated by Figure 9. There are multiple ways in which the Resource
725 Manager can give the CEM options to choose from.

726 First of all, the PPBC.PowerProfileDefinition has a start time and end_time. The start_time describes the
727 earliest point in time the Resource Manager can start the task. The end_time describes the latest point in time
728 in which the task should be finished. The timespan between these two points shall be longer than the time that
729 is needed to complete the task, allowing the CEM to decide when the task starts within these constraints. For
730  example, a washing machine might give a start_time of 12.00 and an end_time of 15.00 for a 2 h program,
731 giving the CEM the possibility to start the program anywhere between 12.00 and 13.00.

732  Secondly, a task can be divided into subtasks that can be individually scheduled. The CEM is free to schedule
733  these tasks as it pleases, as long as they remain in the same order. These subtasks are described in
734 PPBC.PowerSequenceContainer objects. The Resource Manager can optionally give a constraint on the time
735 between two specific subtasks using the max_pause_before property of the PPBC.PowerSequenceContainer.
736 When a task cannot be divided into subtasks, the Resource Manager shall provide one
737 PPBC.PowerSequenceContainer in the PPBC.PowerProfileDefinition. For example, a washing machine might
738  provide the CEM the option to schedule the heating phase of the program independently from the tumble
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739 phase of the program, as long as tumbling comes after heating and there is not a longer pause than 10 min in
740 between.

741 Thirdly, the Resource Manager could give the CEM alternative power profiles for a subtask. In that case, a
742 PowerSequenceContainer contains more than one PowerSequence. When multiple PowerSequence objects
743 are provided, the CEM can decide which one it wants to use for the subtask. The PowerSequence objects
744 themselves describe the power consumed or produced during the execution of the task. For example, a
745 washing machine might give the CEM the option to do the heating phase quicker with more power, or slower
746 with less power.

747 Finally, the Resource Manager can also indicate to the CEM that a PowerSequence is interruptible. That
748 means that this subtask can be paused at any moment. When a PowerSequence is not interruptible, it can
749  effectively only be paused before or after the PowerSequenceContainer, depending on other constraints. An
750 interruptible PowerSequence can be interrupted multiple times and for as long the CEM decides is necessary,
751 as long as the task finishes before or on the end_time. For example, a washing machine might give the option
752 to the CEM to interrupt the tumbling phase of the wash at any moment.

753 The CEM communicates its decisions to the Resource Manager using the Schedulelnstruction for each
754 PowerSequenceContainer. With this instruction the CEM indicates at which moment which PowerSequence
755 needs to start. These instructions shall comply with the constraints provided by the Resource Manager using
756  the PowerProfileDefinition. The CEM can send instructions for the different PowerSequenceContainers at
757  different moments. For interrupting and resuming a PowerSequence the CEM can use the
758 StartInterruptioninstruction and the EndInterruptioninstruction.

759 The Resource Manager informs the CEM about the status using the PowerProfileStatus data structure. This
760 data structure expresses which PowerSequence is currently being executed and how far it has progressed.

761 7.6.4 Operation Mode Based Control

762 Devices that fall within this control type have the possibility to control the amount of power they produce or
763  consume, without significant effects on their future flexibility options. These devices are modelled as a state
764 machine, where each state (referred to as an operation mode) has an energy production or consumption
765 associated with it. The Resource Manager informs the CEM about these states, their properties and the
766 constraints associated with transitioning between states. The CEM then decides which state should be
767 selected when.

768 Typical examples for this control type are diesel generators and variable electric resistors. Such devices are
769  often useful for balancing microgrids.

770  The control type Operation Mode Based Control offers a lot of flexibility; it can assume a range of power levels
771 at almost arbitrary moments in time. When this type of flexibility would be modelled with power profiles, as
772 used for Power Profile Based Control, the number of possible permutations would rapidly grow beyond
773 practical limits.
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6MBC.SystemDescriEtion
valid_from: 17:00

OMBC.OperationMode

OMBC.Status Transition id: 2
active_operation_mode_id: 3 id: T1 diagnostic_label: full power
operation_mode_factor: 0.8 from: 1 running_costs: 0.00004

to:2
start_timers: [T1,T3]
blocking_timers: [T2]

previous_operation_mode_id: 2
transition_timestamp: 16:55

abnormal_condition_only: false

PowerRange

start_of_range: -3000

end_of_range: -3000
Commodity_quantity: ELECTRIC.POWER.L1

Transition
id: T2
from: 2

OMBC.OperationMode

'd_: 1 . M to: 1
diagnostic_label: off start_timers : [T2] Transition Transition
running_costs: none blocking_timers: [T1,T3] id: TS5 id: T6
abnormal_condition_only: false m— from: 2 from: 3
ransition to:3 to:2
PowerRange \ id: T3 start_timers : [T3] start_timers : [T3]
start_of_range: 0 from: 1 blocking_timers : [T3] blocking_timers : [T3]
end_of_range: 0 to: 3
Commodity_quantity: ELECTRIC.POWER.L1 start_timers : [T1,73]
bl timers : [T2] OMBC.OperationMode
id: 3

T(;a_ﬁili“" diagnostic_label: reduced power
a:

running_costs: none
from: 3 e
to: 1 abnormal_condition_only: false
start_timers : [T2] PowerRange
blocking_timers : [T1,T3] start_of_range: -1000
end_of_range: -2500
Commodity_quantity: ELECTRIC.POWER.L1

T2 = 8 minutes (minimum off time)
T3 = 1 minute (minimum modulation time)
(. J/

Timers
T1 =5 minutes (minimum on time)

Figure 10 — Example system description for the Operation Mode Based Control type

To avoid such issues, the operation mode control type is modelled as a state machine. An example is shown
in Figure 10. A resource manager can declare multiple operation modes for a device. An operation mode is a
mode/state that a device can find itself in, that is associated with a specific power value. There can only be
one active operation mode at a time. For example, a diesel generator can have three operation modes: one
for being off, one for running at reduced power and one for running at full power. The off operation mode has
a single power value of 0 W associated with it, the reduced power operation mode has a power value range of
-1000 W to —-2500 W (a negative value denotes production), and the full power operation mode has a single
power value of —3000 W.

The Resource Manager shall inform the CEM when and how the device can transition from one operation
mode to the other. In order to do that, the Resource Manager defines transition objects, which indicate from
which operation mode the device can go to another. If there is no transition defined between operation mode
A and B, the CEM cannot instruct the device to go to operation mode B directly if operation mode A is
currently active. However, it might be possible to reach operation mode B by going through other operation
modes. For example, if there is a transition from A to X and one from X to B, the device can reach operation
mode B by going through X first.

Sometimes there are timing restrictions for transitioning between operation modes. For example, some heat
pumps may have to run for at least 20 min before they can be switched off again. The Resource Manager can
inform the CEM about timing constraints using timers. The CEM shall take these timers into consideration
when instructing the Resource Manager to transition to another operation mode. The Resource Manager
defines the timers. A timer has a fixed duration and can, at a certain point in time, be running or can be
finished. Once a timer is activated, it will be running for the duration defined by the Resource Manager. Once
the duration has passed, the timer will be finished, until it is activated again. When a timer is activated while
running, it resets and it will take the whole duration again before being finished.

Transitions interact with timers. A transition can start a timer, but can also be blocked by a timer. The
combination of operation modes, transitions and timers allow the CEM to know upfront what the timing
constraints of the device are, allowing the CEM to take this into consideration for its plans. In the example of
the heat pump the Resource Manager could define a timer named minimum_on_timer with a duration of
20 min. The transition from the operation mode off to the operation mode on starts the timer. That means that
when the heat pump turns on (it transitions from off to on), minimum_on_timer will be activated and will be
running for the next 20 min. The transition from on to off is blocked by minimum_on_timer. This means that
the transition is unavailable for the CEM as long as minimum_on_timer is running. Once the timer is finished,
the transition from on to off is available again for the CEM, meaning that the CEM then has the possibility to
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808  turn the heat pump off. This effectively means that once the heat pump turns on, it cannot turn off for at least
809 20 min. A transition always starts zero or more timers and is blocked by zero or more timers.

810 An operation mode can either have a single power value associated with it, or it can have a range associated
811 with it. This way, the number of states needed for devices offering stepless control can be reduced
812 dramatically. Technically operation modes are always defining a range of power values. The operation mode
813  can be configured by the CEM with a factor. The factor is any number between 0 and 1, indicating which value
814 in the range should be picked. 0 is associated with the start of the range, 1 with the end of the range. The
815  desired power value can be calculated with the following formula:

816 power_value = (end_of range — start_of range) * factor + start_of range

817 When an operation mode only has a single possible power value, the start and end of the range shall be equal,
818  effectively making the factor irrelevant.

819  Since the factor is a property of the active operation mode, the CEM can change the factor without the need of
820 going through a transition and making sure there are no blocking timers.

Start of range End of range
Operation mode power 100W 550w 1000W
Operation mode factor 0 0.5 1

821

822 Figure 11 — Visual example of how the factor maps to power values

823 Operation modes can also declare power values for multiple Commodities. For example, a natural gas based
824 generator consumes natural gas, but produces electricity. For both commodities a range of power values will
825 be given, with the factor being applied to both ranges linearly.

826  With the information a CEM receives through the Operation Mode Based Control type, it is able to determine
827 what it can expect from a device. This way, a CEM can know what its options are given the current situation,
828 but it is also able to create a realistic plan for the future. Using the state machine and all associated
829 constraints, all the possibilities of the device are known beforehand. A CEM can instruct an operation mode-
830 controlled device by sending the desired target operation mode and the point in time when the transition
831 should take place.

832 Implementors should be aware that the state machine which is communicated within the Operation Mode
833 Based Control is not intended to be — and typically cannot be — a precise or complete representation of the
834 real state machine of a real device; it is a rough approximation. In reality, many state transitions are possible
835 (e.g. due to safety or error conditions) which are not expressed in the flexibility-oriented state machine as
836 communicated by the Resource Manager. Real state transitions are always a result of the real device
837 changing its internal state. Therefore, the CEM needs to closely monitor the status updates which are
838 provided by the Resource Manager in order to correctly understand the present state of a device, its
839 corresponding operation mode and the implications for flexibility.

840 7.6.5 Fill Rate Based Control

841 The Fill Rate Based Control type can be used for devices that have the ability to store or buffer energy. How
842 energy is stored or buffered does not matter, as long as there is a means to measure how full the storage or
843 buffer is. The Resource Manager informs the CEM about the characteristics of the storage (allowed state of
844 charge, optionally leakage and usage) and the actuators that can influence the storage and their
845 characteristics and constraints. An actuator is modelled in a similar way as Operation Mode Based Control
846 devices. The CEM indicates how it wants the actuators to behave.

847 There are many examples of devices that can store or buffer energy. Stationary batteries and electric vehicles
848 are examples of devices that store energy in batteries. Heating devices such as CHPs, (hybrid) heat pumps or
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boilers can buffer energy in a dedicated heat buffer (typically a thermally insulated water tank), but a room
with an allowable bandwidth for the temperature can also be used as a buffer.

Finally, there are also devices that produce cold, like air conditioners, fridges and freezers. Just like heat, cold
can be buffered. There are even more ways to buffer or store energy imaginable, such as storing energy in
the form of hydrogen, air pressure, water pressure or angular momentum.

GRBC.SystemDescription m )

valid_from: 17:00

FRBC.StorageDescription
diagnositc_label: hot water
fill_level: degrees Celsius

provides_leakage behaviour: true FRBC.ActuatorDescription
provides_fill_level_target_profile: true id: 0
provides_usage_forecast: true diagnostic_label: heat pump
fill_level_range.start_of_range: 15 <:|

fill_level_range.end_of_range: 85

FRBC.StorageStatus
FRBC.UsageForecast present_fill_level: 60

valid_from: 17:00

See figure 12 for further details

FRBC.ActuatorDescription

FRBC.FillLevelTargetProfile id: 1
valid_from: 17:00 diagnostic_label: heating coil

_level_range |

FRBC.LeakageBehaviour

valid_from: 17:00

fill_level range (x) >

net fill rate = fill_rate <actuator 0> + fill_rate <actuator 1> - leakage_rate — usage_rate

Figure 12 — Example for Fill Rate Based Control

The main component of this control type is the storage itself (see Figure 12). A Resource Manager shall be
able to inform the CEM about its fill level, a measure of how full the storage is, and the lower and upper
boundaries that the fill level should remain within, either due to operational constraints or comfort
requirements. Although the fill level typically has a physical unit associated with it, it is not relevant for energy
management algorithms to know which unit is being used. For a thermal buffer that stores hot water for
example, the fill level could be the temperature of the water expressed in degrees Celsius. The acceptable
boundaries in that case could be a lower boundary of 15 °C and upper boundary of 85 °C.

There can be several processes that have an influence on the fill level; these processes can optionally be
modelled in this control type. First of all, a storage can leak; a process that typically reduces the fill level
independently from the use of the energy in the storage or the operation modes of the actuators. For a
thermal buffer, dissipation of heat gradually reduces the temperature. Since the rate of leakage typically
depends on the fill level (a thermal buffer might leak faster if the water has a temperature of 75 °C than when
the water has a temperature of 45 °C), the rate of leakage can be expressed in the form of a function of the fill
level using the FRBC.LeakageBehaviour data structure. There are also processes that could consume energy
from the storage. For example, when hot tap water is consumed, the fill level in the storage will become lower.
When a Resource Manager is capable of forecasting this, it is able to provide the CEM with a forecast of the
usage of the storage using the FRBC.UsageForecast data structure.

Some storage devices might have a target for the fill level for a certain point in time. This can for example be
the room temperature in the morning, or a target state of charge for a charging electric vehicle that should be
reached just before the daily commute to work. By providing this target to the CEM, the CEM is able to figure
out the most optimal path towards this target. The Resource Manager can indicate the target for the fill level
using the FRBC.FillLevelTargetProfile data structure. Not meeting fill level targets is a possible outcome under
the conditions described in Clause 5 and especially 7.3 (Abnormal condition). Resource Managers should
deal with those situations as appropriate for the device.
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Besides the storage itself, there are also actuators that influence the fill level of the storage. For example, an
electric boiler has an actuator that consumes electricity, and increases the fill level of the storage. Storage
devices can also have multiple actuators associated with them. For example, a hybrid heat pump typically has
an actuator that consumes electricity to increase the fill level, but also an actuator which consumes natural
gas to increase the fill level.

GRBC.Ac(ua(orDescrigtion h

Idf 0 . FRBC.OperationMode
diagnostic_label: heat pump id: 2

diagnostic.label: full power
ID: ELECTRICITY abnormal_condition_only: false
Transition
FRBC.ActuatorStatus id: T1
active_operation_mode_id: 2 from: 1
operation_mode_factor: 0.8 “::i . .
. = e start_timers: [T1;
prevnfn-Js_nrferatlon_mode_ld. 1 blocking timers: [T2]
transition_timestamp: 16:55

Transition
id: T2
from: 2
- Transition Transition

FRBC.OperationMode

id:1 start_timers : [T2] id: T5 id: T6
diagnostic.label: off blocking_timers: [T1,T3] from: 2 from: 3
abnormal_condition_only: false to: 3 t0:2
start_timers : [T3] start_timers : [T3]
Transition blocking_timers : [T3] | |blocking_timers : [T3]

id: T3

from: 1 FRBC.OperationMode
to:3 id: 3

start_timers : [T1,73]
blocking_timers : [T2]

diagnostic.label: reduced power
abnormal_condition_only: false

Transition
id: T4
Timers J from: 3

2 — . to: 1
T1=5 m!nutes (m!n!mum on t\.me) start_timers : [12]
T2 = 8 minutes (minimum off time) blocking_timers : [T1,73]
T3 = 1 minute (minimum modulation time)

. J

Figure 13 — Example of the actuator details of Fill Rate Based Control

Actuators are modelled using the same state machine concept as the Operation Mode Based Control type
(described in 7.6.4): an actuator can define operation modes, transitions and timers (see Figure 13). In
contrast to the operation mode from Operation Mode Based Control, FRBC.OperationMode also describes the
actuator’s effect on the fill level of the storage (see Figure 14). The change of fill level is referred to as the fill
rate (change in fill level per second). Since for most devices, the fill rate and the energy produced or
consumed depend on the fill level of the storage, it is possible to define these values as a function of the fill
level of the storage.

fill_level range start_of range (factor = 0) end_of range (factor = 1)

fill_rate (x/s) Power (watt) fill_rate (x/s) Power (watt)

15-35 0.01 40 0.55 2500
35-65 0.01 40 0.50 2250
65 -85 0.01 40 0.35 1750
Example

With fill_level 40 and factor 0.25
fill_rate = (0.50 —0.01) * 0.25 + 0.01 = 0.1325 (x/s)
power = (2250 —40) * 0.25 + 40 = 592.5 watt

Figure 14 — Example of an operation mode for Fill Rate Based Control

Describing different values for different fill levels is very useful for devices where the fill level influences the
actuator. For example, a CHP with a sterling engine produces electricity from the difference between
temperatures. When the temperature in a thermal buffer increases, the difference in temperature between the
buffer and the burner decreases, which decreases the electrical power produced. This can be modelled by
providing different power values for different fill level ranges, with a technique that is commonly known as
piecewise linear approximation, which allows to capture the nonlinear behaviour which is typical for these
types of systems. Also, some operation modes might not be available for all fill levels. Batteries usually cannot
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charge fast if the state of charge is very high. A Resource Manager could define a fast charging operation
mode for a battery, which is only available up to 80 % state of charge, while the slow charging operation mode
might cover the whole range until 100 % state of charge.

As with the fill level, the leakage behaviour is also modelled with piecewise linear approximation.

As becomes apparent from the description above, devices that fall within the Fill Rate Based Control type can
be very versatile. They typically allow a fine-grained control, which can result in a lot of added value for the
optimization goal of the CEM. In addition to that, some typical Fill Rate Based Control devices (e.g. charging
electric vehicles or heating buildings with heat pumps) require significant amounts of power, which further
increases the value of their flexibility. With the information the CEM receives about the device, it is able to
determine the present and future possibilities. The CEM can send instructions to the device by sending the
desired running mode for a certain actuator and the desired time of the transition.

7.6.6 Demand Driven Based Control

Demand Driven Based Control can be used for systems that are flexible in the type of energy carrier they use
but are not capable of buffering or storing energy (in that case Fill Rate Based Control should be used) (see
Figure 16). The Resource Manager informs the CEM of a certain demand and which actuators are available to
fulfil this demand. The CEM then decides which actuators to use and how.

A typical example is a hybrid heat pump, that generates heat using either electricity (using a heat pump) or
natural gas (using a gas boiler), but doesn’t have a thermal buffer. The hybrid heat pump shall deliver a given
amount of heat, but can still decide whether to generate this heat using electricity or natural gas. Typically,
such systems favour the heat pump, but use the gas boiler in case the heat demand cannot be fulfilled by the
heat pump alone or when there is a shortage of capacity in the electricity grid.

Similar to the Fill Rate Based Control (see 7.6.5), Demand Driven Based Control has the concept of multiple
actuators that contain operation modes, transitions and timers (for a detailed explanation of operation modes,
transitions and timers see 7.6.4). In addition, the Resource Manager informs the CEM of the present demand
rate. The demand rate is number that indicates how much needs to be produced (in the previous example this
was heat), but what exactly needs to be produced is not made explicit to the CEM. The demand rate can be
expressed as a range (e.g. there needs to be a heat production between 5kW and 20kW), or as a single value
(in that case the start of the range and the end of the range are equal). The demand rate can be regularly
updated by the Resource Manager. When capable, the Resource Manager can also provide a forecast of the
average demand rate in the near future by using the DDBC.DemandRateForecast data structure. The forecast
of the demand rate is expressed as a profile of a single value and not as a range.

rDDBC.SvstemDescription

- cr N
present_demand_rate.start_of_range: 2000 DDBC.ActuatorDescription
present_demand_rate.end_of_range: 2500 id: 0
provides_average_demand_rate_forecast: true diagnostic_label: Heat Pump

Commodity

ID: ELECTRICITY

AverageDemandRateForecast

I I I

: éee figure 15 for further details

<:| 6DBC.ActuatorDescription
id: 1

demand_rate>

Time 2>
— diagnostic_label: Natural gas boiler
Commodity
ID: GAS
- J
. J

net supply rate = supply rate actuator 0 + supply rate actuator 1

Figure 15 — Schematic overview of the data the Resource Manager send to the CEM
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