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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SMART GRID USER INTERFACE -
Part 2: An architecture and requirements

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promate intern
peration on all questions concerning standardization in the electrical and electronic fields. To this eng
ition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC PRublication(s)”)
baration is entrusted to technical committees; any IEC National Committee interested.in"thie subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement between the two organiza

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interr

rested IEC National Committees.

Publications have the form of recommendations for internationaluse and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are made to-ensure that the technical content
lications is accurate, IEC cannot be held responsible for.the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their natioanal and regional publications. Any divergence b
IEC Publication and the corresponding national orregional publication shall be clearly indicated in th

itself does not provide any attestation of conformity. Independent certification bodies provide cor]
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual expe|
nbers of its technical committees;and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and ex

spensable for the correctiapplication of this publication.
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despite repeated efforts, or

dard,

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide whether
they can be transformed into International Standards.

IEC TS 62939-2, which is a Technical Specification, has been prepared by IEC project
committee 118: Smart grid user interface.
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INTRODUCTION

Over the years, several ecosystems (especially telecommunications, sustainable energy, home
automation) have been growing in parallel but separately in the customer premises. The
perspective of energy applications is triggering a high level of interest in new markets such as
smart home, smart community, smart building, smart industrial park, distributed energy
resources, and electric vehicles. It is a growing trend that the traditional energy consumer may
eventually turn out to be the prosumer, who not only consumes power from but also feeds power
back to the grid, which raises the challenge for grid management.

Considering the relevance and common interests while connecting various demand-side o

bjects

with the power grid, it is urgent and important to ensure effective, economical and)gecure
operation of the power grid from the point of view of a user as well as enhance the gnergy
efficigncy of the demand-side system and equipment. Under the circumstances()information
exchange may play a more critical role in this field. Currently, various communication standards

have
and c

been developed by organizations and manufacturers for customer facility manag
bntrol. However, the industry has become impatient with the lack ofstandard inter

methqds and solutions to exchange information with the grid.

This document focuses on standardization in the field of interfacing.for information exc
betwelen smart equipment and/or systems and the grid from the point of view of the user
grid fqr customer facility management and control applications,

IEC 6

Part 1

: Interface overview and country perspectives

Part Z4: An architecture and requirements

In addition to the above parts, two documents.in the IEC 62746 series cover the SGUI

stand
IEC 6

P746-10-3.

PO39 consists of the following parts under the general title Smart grid user interface:

ement
acing

nange
to the

bridge

hrd for demand response application:* The first is IEC PAS 62746-10-1 and the ofher is
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SMART GRID USER INTERFACE -

Part 2: An architecture and requirements

1 Scope

This part of IEC 62939 provides an architecture to define interfaces for the information

exch?—mﬁmmmwmmm—ﬂmqid. It
facilitates the interoperability between the IEC common information model (CIM) and,customer

facility standards for smart grid applications.

This Hocument presents one possible architecture to connect non-CIM/tEC"61850-pased
demand-side standards to the CIM, to support demand response type applications. It prgsents
an immediately available architecture approach for home and building ghid’users for dgmand
respopse applications to cope with the fragmented market and lack of“harmonized standard
solutipns.

It proposes that a three-layer application be implemented but this’does not preclude the ongoing
long-term efforts of IEC ideally to promote from a sentantic perspective only twag-layer
implementations.

2 Normative references

There|are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

ISO aphd IEC maintain~terminological databases for use in standardization at the following
addrepses:

e |E[ Electropedia: available at http://www.electropedia.org/

e ISP Online-browsing platform: available at http://www.iso.org/obp
3.11

adapfter
layer of software that connects one component to another component to exchange information

Note 1 to entry: An adapter can consist of multiple functions, for example, model mapping, data transformation,
service matching and communication protocol mapping.

3.1.2

application

simple function, such as sending an ‘open/close’ command, or complicated one, consisting of a
group of logically connected function units, such as demand response

Note 1 to entry: Apart from the ‘physical’ application, there can also be a ‘virtual’ one, for example, data
transformation, power efficiency assessment, etc.

Note 2 to entry: In this document, "application" stands for "smart grid application".


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=4df43e23ab8667e76fb5a205d76b7e06

IEC TS 62939-2:2018 © |IEC 2018

3.1.

3

demand response
action resulting from management of the electricity demand in response to supply conditions

[SOURCE: IEC 60050-617:2011, 617-04-16]

3.1.

pro

4
file

defines a subset of an entity (e.g. standard, specification or a suit of standards/ specifications).
Profiles enable interoperability and therefore can be used to reduce the complexity of a given

inte

Note 1

gration task by:

selecting or restricting standards to the essentially required content, e.g. removingtoptions

that are not used in the context of the profile

seftting specific values to defined parameters (frequency bands, metrics, etc’)

relatiorjships that can have additional restrictions imposed.

[SOU

been fleleted and a note has been added.]

3.1.

5

smar{ grid user interface

SGUI
bi-dire
inforni
mana

external energy service provider

ctional, logical, abstract interface that supportsyappropriately secure communic
ation between an entity within the customer domain (e.g., home or building
jement system, electrical load, and energycstorage system or generation source)

to entry: The ‘CIM profile’ is simply some formal subset of the CIM, in terms of.classes, attribufes and

RCE: IEC TR 62357-1:2016, 3.1.11, modified — the second paragraph of the definitign has

affion of
nergy

nd an

Note 1 |to entry: Devices and applications will implement the SGUI between service providers and custofners to
facilitaje machine-to-machine communications. The SGUI has to meet the needs of today’s grid interactions (e.g.,
angl response, grid-aware energy management, EV charging equipment interactions) and those of the futufe (e.g.,

dem
retai

3.2 |Abbreviated terms

ACSI Abstract communication service interface
CFMd Customer facility management and control
CIM Commonrinformation model

CIS Compenent interface specification

DER Distributed energy resource

DMS Distribution management system

DR Demand response

EMS Energy management system

ESB Enterprise service bus

EV Electrical vehicle

FSGIM Facility smart grid information model

ICT Information and communications technology
IEM Information exchange model

OLTC On load tap changer

PAB Profile, adapter and bridge

RDF Resource description framework

SCADA Supervisory control and data acquisition

| market transactions).
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SGAM Smart grid architecture model
SGUI
XML
XSD

Smart grid user interface
eXtensible Markup Language
XML schema definition

4 Objectives

A smart grid is a very large and complex system of systems covering bulk generation,
transmission, distribution, DER and customer premises. Those systems, used for grid
operations, apply the common information model (CIM) or IEC 61850 data model. Within the
custoer premises, smart equipment and systems usually use different information mode
com

ECHC

The n

unication protocols for facility management and control, for example, EEBUuSs;
NET Lite, LonMark, BACnet1, etc.

betwelen the customer facility and grid are as follows:

In the|
archit

th
th
th

b technologies used can be incompatible with each other,

p capital investment and time cost for a system upgradenay not be acceptable t

stakeholders and operator, and

th
gr

b current standards may not closely keep pace with{the requirements of emerging
d applications.

customer facility standards. This will enable the smart grid to:

NOTE

5

5.1

br

bo
off
re
ap
pr
im

dge the grid operations and the customer facility management and control,

See |IEC TR 62939-1.
ost the customer involvement-in the smart grid,
er a fast response to the market requirements and fill the gaps in this cross-cutting

juce the cost and. time for the development and maintenance of cross-d
plications,

btect the investment in legacy systems and make the existing resources reusable,
prove smart'grid interoperability, compatibility and flexibility.

eference architecture

narket experiences have revealed that the factors that can affect the)interoper

b legacy systems may not have a strong motivation to be upgraded or even substitIted,

5e circumstances, the objective of this document is to describe an interfacing refe
bcture for DR applications that need to,exchange information between the CIM and

s and
KNX,

Ability

both

smart

rence

field,
bmain

o 1
GCIlIcial

Clause 5 presents the SGUI reference architecture, which provides a common practice for how
to build interfaces for information exchange between the CIM and customer facility standards.
IEC 62939 (all parts), shown in Figure 1, facilitates the applications in customer facility
management and control (CFMC) to connect the IEC TC57 reference architecture.

1

EEBus, KNX, ECHONET Lite, LonMark, BACnet are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
or IEC of these products.
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Figure 1 — Relationship with other IECistandards in parts of TC57 reference architeccture

The idea of bridge is the key concept of the SGUI architecture. A demand responseg| (DR)
appligation from the point of viewof the customer is embedded within the CFMC block. By|using
IEC 6R939-2 (architecture) and{EC PAS 62746-10-1 and IEC 62746-10-3 (specific bridde and
adapter for DR), the DR application can build the connection to the communication bus |in the
grid af the enterprise levelyIn the grid operation, on the left side of Figure 1, the communigation
bus can integrate EMS/SCADA, DMS and other utility business systems by using IEC 61970-1
and IHC 61968-1 respectively. So, through the SGUI, the DR application in CFMC has the pbility
to exghange information with relevant applications in EMS or DMS according to the use ¢ases.

The $GUI «+eference architecture may be applicable to other applications that nedd the
coopgrationiof equipment and systems from both the power system and the customer premises,
for expmple, power efficiency assessment, black-out prevention, etc. Therefore, a block called
‘other applications’ Is added in the CFMUT block in Figure 1. By using the SGUTI architecture and
proper application-specific bridges and adapters, those applications can connect to the utility
systems as the DR application mentioned above does.

Common to most of the smart grid technologies is an increased use of communications and IT
technologies, including an increased interaction and integration of formerly separate systems
(see IEC TR 63097). With this in mind, the SGUI architecture may not be limited to the
state-of-the-art information and communications technology (ICT) and may be independent from
the specific underlying technology. For example, the communication bus in Figure 1 can be a
middleware, enterprise service bus (ESB) or cloud platform depending on the application
requirements and deployment and operation environments. Therefore, the SGUI should have
the ability for extensions to match the fast-changing environment both from the perspective of
the power system and the customer facility.
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Conceptual model

The SGUI conceptual model, shown in Figure 2, provides a high-level, overarching perspective.
It is not only a representation for clarifying the idea of SGUI architecture, but also a useful way
for identifying potential information interaction between the grid operations and CFMC. It is a
tendency that applications, usually limited in customer premises, have now been driven to
connect with the power system because of the development of smart grids.

In Figure 2, the dashed line is the logical boundary of the SGUI, which lies between the grid
operations and CFMC. The bi-directional arrows represent the needed information flows for
each application. Conceptually, the SGUI is a system of interfacing for applications.

In son||e cases, the application can be a simple function. For example, the ‘disconnect’ can

gener

equip
from

In oth
which
fromt
switch
sever
togeth

An ap
applic
subsc
alarm

devicE is sent to the local distribution control center to inform of the changed -status

bted by the owner of a photovoltaic array on the roof of a building to operate_the

ent for load forecasting or energy supply estimation. In this use case, the messag
e customer to the power system can be very short and direct.

br cases, the application can be sophisticated. For example, secondary voltage regu
needs the combination of and cooperation among different equipment and systems
he grid and customer facility, can involve the coordination control of OLTCs, compen
es, and appliances. Therefore, the complicated application can be broken dow|
bl simpler sub-applications. On the other hand, simple applications can also flexibly
er to implement the complex applications according t@)the use cases.

plication, from another perspective, can also consist of several services in support
ation function. For example, connect/disconnect, request/reply,
ribe/unsubscribe are pairs of communication services for normal conditions
error processing is a pair of event-handling services for emergencies.

mand,
switch
pf the
b sent

ation,
, both
ators,
h into
work

of an
and
and
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Smart grid
user interface

Distributed energy
resource

Smart home
appliance

harging
Black-out infrastructure

Energy retail
system

Other smart
equipment and
systems

~\Q) FC
Figure 2 - Ap;{bﬁion examples for applying SGUI

The $GUI may be designed @ simply as possible to enable fast response to infustry
requirements and for easy u@)and maintenance. For the sake of simplicity, it is recommended
that epch service in application use one profile. The profile regulates the format and mearfing of
data dlements carried @ message, which ensures the data is recognized by both the slender
and rgceiver. C)

The data can be@rated from the field device, working process, system management, of even
customer be @ r. The data can contain the information on the application, operational gtatus,
contrql co %nd, market signal, event, or business process depending on the service defjnition
for ce 't%épplication functions.

Different kinds of activities can trigger and initiate the process of information exchange, for
example, a request for monitoring real-time DER power output, or a reply to acknowledge the
changed price signal in the retail market. The sequence of information flows may be defined and
regulated in certain use cases. The actors or entities in use cases can have different scales and
granularities, from a single end device to an integrated system.

5.3 Layered structure

To build the interface between the demand-side equipment and the grid, the entire process of
information exchange has to be taken into consideration. Therefore, the SGUI reference
architecture may be a layered structure as shown in Figure 3. There are three kinds of
components, namely, profile, adapter and bridge (PAB). In most cases, every layer is
necessary.
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Common information
model and extensions
(Cim)

Utility communication
standards

Profiles
defined using CIM, CIM extensions, and supporting

tachnalagias
tecRhR-o+egies

Example:
OpenADR-CIM adapter

Examples: Smart grid user interface
OpenADR, EEBUS ... bridge standards

Adﬁ)@\rs
between bridge st?@ ds and facility standards

M

: | Facility sma:%@s&\

xamples: . . A

ECHONET lite, .. mforrrzlfglon ) els Customer facility standards
o

IEC

Figure 3 — Layered structure

The Jpper layer containg the CIM and utility communication standards. The CIM apd its
extengions are defined.far'the business functions to support the operation and planning [of the
electr|cal grid. The utility communication standards are the communication protocols using the
CIM and its extensions, such as the message scheme in [IEC 61968-1.

The bpttom layer consists of the facility smart grid information models (FSGIMs) and customer
facility standards applied to the customer facility. There are many widely-used standards for
home/building/industry and other management and control systems, such as ECHONET Lite,
etc. However, most of them are not originally designed to have the ability to communicate with
the grid on multi-domain applications.

Therefore, SGUI bridge standards, in the middle of Figure 3, create the bridges for the customer
premise systems to connect to the utility systems on specific applications. For example, the
customer system may need the price signal from the electricity market to help make decisions on
how to best control the smart equipment in buildings. On the other hand, the utility may need
information about the real-time energy utilization behaviours of the customer to assess and
adjust the distribution system reconfiguration schedule. In this case, OpenADR2 and EEBus,
can be considered as examples of SGUI bridges to carry such messages.

2 OpenADR is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO or IEC of this product.
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Profile and adapter are the two layers between the CIM standards and the SGUI bridge
standards. Sometimes the CIM supports similar applications for grid operations but cannot be
used for customer facility management and control because the information requirements for the
grid and customers are different. In most cases, there are no one-to-one standardized CIM
profiles that match the application profiles defined in bridge standards. As a consequence, the
extended CIM profiles have to be defined by using the CIM, CIM extensions and supporting
technologies to match the bridge standards. The adapter layer can then transfer the message
format between the extended CIM profiles and the bridge profiles according to the mapping roles.
For example, the OpenADR-CIM adapter is used for adapting from the OpenADR to the CIM
(IEC 62746-10-3).

The layer between the SGUI bridge standards and the bottom layer stands for another kind of
adaptpr. These adapters fulfill the mappings between the bridge standards and the, facility
standards as adapters between the CIM and the bridge do. In some cases, this layer-Gan be
ignorgd in actual practice when a customer facility ‘gateway’ directly supports)'the bridge
stand@rd communications to control the smart equipment.

OpenfADR 2.0 profiles are an example of a SGUI bridge standard for,demand response
applidation. The additional CIM profiles have to be defined by using the CIM and its extensions
to mafich the OpenADR 2.0 profiles. Two adapters, one for mappings between the additional CIM
profilgs and the OpenADR 2.0 profiles and another for mappings fetween the OpenAQR 2.0
profilgs and the SEP3 2.0 in the customer facility, are implemented. The DR messages cah then
be sent or received between the customer equipment and the_ grid through these four |ayers
under|the SGUI reference architecture. In these circumstances, systems both from the utility and
custofner facility have no need to change.

6 Requirements for implementation

6.1 Message transmission

Given|that the fundamental function of SGUI architecture is to exchange information, the|SGUI
should support:

a) rafionalized use cases for each application or service,

b) state-of-the-art underlying communication technologies,

c) the technical independence;of each layer in the reference architecture, and
d) syphchronous/asynchronous and bi-directional interaction patterns.

6.2 Data transformation

An adapter should-have the ability to fulfill the data transformation according to the mgpping
roles,|which consist of:

a) ddta meaning transformation from one profile definition into another. In some cases,|there
may/be’no direct mapping between two related objects in the models after compdgrison.
Hawever, some indirect connections can be found with the help of a third model under proper
calculations or conversion. For example, a meter always records the ‘power consumption’
from the point of view of customer use. But the control center in the utility is concerned about
the ‘feeder remaining capacity’. So, by taking the parameters of ‘operational voltages’ and
‘accumulated service-on time’ into consideration, the data mapping can be built between
these two relevant objects in different models after calculations;

b) data format transformation from one description language style into another. For example,
EMS uses RDF language to represent the power system static model and measurement data
from SCADA, while OpenADR 2.0b uses the XSD (profile) to organize the demand response
service data. So the adapter should transform the relevant data from the XSD format into the
RDF format or vice versa depending on the use case.

3 SEPisan example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO or IEC of this product.
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Communication protocol mapping

Apart from data transformation, the communication protocol mapping is another core ability that
the adapter may have. The power system applies the IEC 61970-1 and IEC 61968-1 message
scheme or abstract data service to the exchange model data for inter- and intra-application
between the control center and other business systems, while the communication services
defined in the SGUI bridge standard (for example, the register service in OpenADR 2.0) and
facility standards are quite different.

For the adapters between the utility communication standards and the SGUI bridge standards,
when exchanging information:

a)
b)

c)

On

Witlh the EMS, the adapter needs to implement the service mappings to the comgp
inferface specification (CIS) in IEC 61970-1;

Wi
ex

Wi
th

th

SEervic
protoq

6.4

The p
opera

a)
b)

c)

6.5
a)

b)

c)

re

an
op

h the DMS, the adapter needs to implement the service mappings to the linforn
change model (IEM) in IEC 61968-1;

h the substation and field device, the adapter needs to implement the\service mapp
p abstract communication service interface (ACSI) in IEC TR 6185041

e other hand, when exchanging information with the customerd{acility systems, the

ols.

Monitoring and management

Focess of data generation, transformation and interaction has to be monitored to 4
lional safety. The SGUI may
cord activities including actors, applications, steps and events,

alyze the performance, quality and quantity and other indicators to reveal the
eration status,

handle the errors (critical mistake) or warnings (tolerable flaws), generate the report

re

b|-time alarm, execute error caorrections according to the pre-designed solutions t

stop the emergency.
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Other requirements
sponse to industry requirements and ease of use and maintenance as indicated in

uirements) for example the simple home user versus an industry park aggregated
e SGUI(should be adjustable to various use cases.

databijlity: The components of the SGUI should be kept up to date to follow the chg
quirements of business functions in utility and applications in customer facilities.

onent
hation

ing to

bridge

es may be mapped into the corresponding communication “interfaces in the facility

nsure

SGUI

s and
b help

mplicity: The profile,\yadapter and bridge should be as simple as possible to enable fast

b.2.

stomization:“\Users with different characteristics and scale can have different

user.

nging
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