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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SMART GRID USER INTERFACE -
Part 1: Interface overview and country perspectives

FOREWORD

2014

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
all |national electrotechnical committees (IEC National Committees). The object of IEC is toVp
intdrnational co-operation on all questions concerning standardization in the electrical and electrgnic fig
this] end and in addition to other activities, IEC publishes International Standards, Technical $pecifid
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to a
PuRlication(s)”). Their preparation is entrusted to technical committees; any IEC National Cemmittee int
in fhe subject dealt with may participate in this preparatory work. International, governmental an
governmental organizations liaising with the IEC also participate in this preparation~HC collaborates
withh the International Organization for Standardization (ISO) in accordance with.cenditions determi
agreement between the two organizations.

Thqg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
conjsensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to_ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible for. the way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their ‘mational and regional publications. Any divg
betyveen any IEC Publication and the corresponding national or regional publication shall be clearly indid
thellatter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con
assgessment services and, in some areas, acgéss to |IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [liability shall attach to IEC or its directors, employees, servants or agents including individual expe
members of its technical committees-and IEC National Committees for any personal injury, property dan
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feq
explenses arising out of the -publication, use of, or reliance upon, this IEC Publication or any oth
Publications.

isers should ensure that they have thé‘atest edition of this publication.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the \cofrect application of this publication.

Attegntion is drawh-to the possibility that some of the elements of this IEC Publication may be the su
patent rights. |IEC-shall not be held responsible for identifying any or all such patent rights.
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IEC TR 62939-1, which is a technical report, has been prepared by IEC project committee 118:
Smart grid user interface.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
118/40/DTR 118/42/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62939 series, published under the general titte Smart grid user
interface, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPOQRTANT - The 'colour inside' logo on the cover page of this_publication indicates
that [it contains colours which are considered to be “useful for the cqrrect

undefrstanding of its contents. Users should therefore print this document using a
colour printer.
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0 Introduction

0.1 High-level definition of Smart Grid user interface (SGUI)

The Smart Grid user interface (SGUI) is a logical, abstract cross-domain interface that
supports appropriately secure communications of information between an entity within the
customer domain (e.g., home or building energy management system, electrical load, energy
storage system or generation source) and an external service provider (e.g., utility,
aggregator, market or customer energy service provider). Devices and applications will
implement the SGUI between grid-side entities and customers for the purpose of facilitating
machine-to-machine communications. The SGUI needs to meet the needs of today’s grid

interaﬂfinne (e qa demand resnaonse arideaware cnerav manaacdement olectric vehicl (EV)
S * T IJJ 7

J
charg|ng equipment interactions) and those of the future (e.g., retail market transactions).

In prgctice, the SGUI will potentially be one interface between multiple aggregation points,
both inside and outside of the customer facility. Implementations will have yariations drising
from gomplex system inter-relationships: diverse customer business and_usage models with
differgnt types of equipment in different types of customer facilities controlled by a range of
energy management systems.

0.2 |PC 118 history

In 2010, China proposed three new work proposals for IEC\standards for Smart Griq user
interface. There was a long process (refer to Annex ACfor details of the history o¢f the
establishment of Project Committee 118) of SMB and Strategy Group 3 (SG3) discussions and
interagtion with different TCs who each were working-on/’some standards efforts related [to the
customer interface. Because many TCs have some connection to the SGUI, the Hroject
Comnpittee approach was chosen with the goal of goordinating between TCs to move fgrward
toward effective standards. China was appointed secretary of PC 118 and the two Chinese
work |proposals became two working groups within PC 118, each tasked to prodyce a
standard that would become deliverables ofithis temporary PC.

PC 118 members first met in_dAianjin, China, in February 2012. At that mgeting,
repregsentatives from different TCs*and NCs each presented standards work related {o the
SGUI| Also at this meeting PC 148 members agreed to prepare a technical report coveripg the
definition of the SGUI, the national requirements for SGUI communications (use cases), and
an anplysis of standards gaps between requirements and available standards. The end [result
would] be acknowledgement of available international standards, recommendations for
advarjcement of national standards and/or development of new standards to fill gaps.

PC 118 members fecognized that standards exist for interactions between the traditional grid
domaln and the“customer domain. There are international and national standards coyering
differgnt parts of the interface. IEC TC 57 had just established a new working group (WG 21,
Interfaces\and protocol profiles relevant to systems connected to the electrical grid) and|other
TCs ind WGs address meter interactions, industrial plant interactions, EV communicdtions,
market information models, etc. PC 118 adopted the approach of preparing this technical
report, welcoming member countries and other IEC TCs to participate.

One may ask where Smart Grid stakeholders derive value. The industry will be best served by
rapid progress which in turn is enabled by use of established technologies which meet Smart
Grid user interface functional and quality requirements. This technical report presents the
work of PC 118 members to gather and report the requirements for the customer interface,
available standards, and identified standards gaps. Some national standards are
recommended for advancement in IEC.

0.3 Relation of IEC PC 118 to other IEC technical committees

According to the PC 118 Strategic Business Plan (SBP) (SMB/4823/R, June 2012), the scope
of PC 118 is to look at information exchange between the customer and the power grid from
the user’s point of view. PC 118 draws on the input of other IEC TCs to have a coherent IEC
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perspective on the customer interface, developing a set of standards (or mapping to existing
standards) to ensure that IEC standards meet the needs of customer Smart Grid interactions.
In order to do this, PC 118 works with IEC TCs developing standards for the power grid and
within the customer domain.

IEC TC 57 is the manager of the IEC Common Information Model (CIM) and 61850 standards
that serve as the information models for power grid domain communications. TC 57/WG 21 is
specifically focused on the customer interface from the power grid point of view. IEC TC 13
developed the standards of the IEC 62056 Device Language Message Specification (DLMS)/
Companion Specification for Energy Metering (COSEM) suite [1] 1 for the purposes of
electricity metering.ZThe PC 118 SBP scope is, “Standardization in the field of information
exchapgefor-demand response—andinconnecting—demand-side—eaguipmen paleor—systems

standards for the users.” PC 118 will work with existing IEC, ISO standards and, exgmine
existing national standards in order to identify the collection of standards that togetherl meet
the ngeds of the Customer Smart Grid interface.

The HC 118 SBP specifically states, “Smart Grid user interface related standards prepaned by
other | technical committees of the IEC (including IEC/ISO JTC1) ‘shall be used where
applidable. PC 118 shall apply analytical approach and Use Cases developed by IEC TG 8 for
Smar{ Grid requirements. PC 118 shall use IEC CIM and IEC 61850, and will develop new
information models in view of demand side needs and characteristics. PC 118 shall consider
IEC T|IC 57, TC 13, TC 59, TC 69, TC 72, TC 100, IEC/ISO,JT€1 SC 25, TC 56, TC 65| etc.,
related architectures and standards. PC 118 should also consider Smart Grid user intg¢rface
related standards prepared by other organizations such as ISO and ITU.”

0.4 |Report overview

Clausg 2 introduces the customer (the Smart, Grid user) interface—an interface befween
separpte and historically independent demains. Subclause 2.3 presents a high-level
conc]ptual model for demand response interactions from loosely coupled market interaftions

down |to direct load control interactions:.'Subclause 2.4 organizes the functional requiremnents
that have been discussed in PC 118. The remainder of Clause 2 examines the [SGUI
architecture, actors, and quality requirements.

Clausg 3 begins with an overview of PC 118 member country perspectives on SGUI ahd an
overvlew of contributed use cases (details in Annex C). Subclause 3.4 presents an analysis of
use cpses organized aceording to the functional requirements in 2.4. Subclause 3.5 lopks at
the rejationship of SGULto advanced metering infrastructure (AMI) and electric vehicles.

Clausg 4 examines' existing standards relevant to the use case classes to identify standards
that meet the needs of the SGUI, or alternatively to identify gaps in IEC standards. This in
turn informs:CGlause 5 recommendations for IEC SGUI standards development work.

0.5 |Key recommendations and findings

PC 118 has identified some gaps in international standards for each of the use case classes
presented in 4.4. Several existing national standards are recommended for advancement in
IEC. Discussion of recommendations can be found in 4.5 and Clause 5.

1 Numbers in square brackets refer to the Bibliography.

2 The COSEM data model is also used by other Technical Committees responsible for non-electricity metering.


https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

-12 - IEC TR 62939-1:2014 © |IEC

SMART GRID USER INTERFACE -

Part 1: Interface overview and country perspectives

1 Scope

2014

This part of IEC 62939, which is a technical report, presents an international consensus
perspective on the vision for a Smart Grid user interface (SGUI) including: SGUI requirements
distilled from use cases for communications across the customer interface (the SGUI); an

analy

is of existing IEC and other international standards that relate to the SGUI; a

nd an

identi
for IE

The R
respo
report
suppdg

2 S

2.1

ication of standards gaps that need to be filled and might become potential work
C Project Committee 118.

PC 118 scope is, “Standardization in the field of information exchange for dg
hse and in connecting demand side equipment and/or systems into theySmart Grid
presents the information exchange and interface requirements leading to standa
rt effective integration of consumer systems and devices into the Gmart Grid.

mart Grid user interface overview

SGUI — Consensus perspective

The title and scope of IEC PC 118 refers to a “user.dnterface.” This term can have m

mean
(actor
resou
consi
syste
inform

This §
may

ngs and interpretations. In the context of the“work of PC 118 a “user” is some

items

mand
. This
rds to

Liitiple
entity

that consumes electricity supplied by the>electric grid, or some distributed gnergy

'ce, such as storage or local generation that might produce energy. A user ¢
ered as a home, a vehicle, a commercial building, an industrial plant, or
/device within a customer facility3 .~ A “user interface” is a means to exc
ation between the electric grid seryice provider and the user.

bmart Grid user interface (SGUY) is not designed to be a human-machine interfac
supply information to aid-‘such an interface. It does not presume any par

communication or control teghnology that might be deployed by the user within a faci

react
mech

pr respond to the information exchanged, and does not presume a single communi
hnism between actors on the grid and facility sides. It provides a basis for inforn

exchange between the energy service provider or other grid-side entity and the custome

entity
figure
SGUI
grid o

and nothing more. A high-level view of the SGUI is shown in Figure 1. In this g

“Grid operations” also includes markets and energy service providers (see also 2
functionalrequirements, 2.5 for SGUI architecture and 2.6 for example of actors
perations_and customer facility management and control).

an be
some
hange

e, but
icular
lity to
cation
hation
r-side
imple
.4 for
within

3 A “facility” is used in this report to refer to homes, buildings and industrial plants.
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Figure 1 — High-level view of the SGUI architecture as interface
(blue line) between different domains

BGU|l serves as an interface between two different domains that exist and gvolve
endently, and have developed over time with different information modelg and

communication protocols. The SGUI serves to connect these.domains: the “grid” domafin (all

those

“custd

since
doma

The information communicated across the interface may include: demand response si

price

entities directly involved in the operation of the raditional electric grid) an

n, or even an aggregation of systems.

d the

mer facility” domain. The SGUI “user” is a more abstract term for the customer facility,
the “user” can be the same as the customer fagility, or some system/device withjn the

hnals,

signals, load parameters (e.g., demand, forecast demand, storage availability), nparket

transgctions, energy usage (meter data),_ €mergency signals broadcast by system operators,

and o

her energy-related parameters suc¢h as power quality [2]. No single interface is required

to communicate all of these things. For example, a simple residential gateway may pgssibly

receife only price, or a meter may possibly report only energy usage information®.

The S
event
other
grid-s
com
to ta

have

GUI may on the one hand be a high-level interface passing data such as price and DR
signals or meter usage data to be interpreted by the customer facility, or it may ¢n the
hand be a low-level‘device interface which commands device operation based gn the
de operational.needs. In the first case, the interface is more abstract, with information

unicated to enable any user devices, systems, or sub-systems within home or byilding

actions. . Jnithe second case the interface is at the system or device level and may
expose specifie controls®. The kind of interface is determined by the specific requirements. In
order [to promote customer choice, scalability, flexibility and security, it is better in gengral to

higher-level interaction.

In practice, the SGUT will be one interface within a hierarchy consisting of potentially multiple
interfaces which may include aggregation, both inside and outside of the customer facility.
Implementations will have variations arising from complex system inter-relationships: diverse
customer business and usage models with different types of equipment in different types of
customer facilities controlled by a range of energy management systems.

protocol translation between a wide area network and a local area network.

The ISO/IEC 15045 series [3] specifies options for gateway features that extend beyond communications

5 |SO/IEC 15067-3 [4] specifies these levels of interaction including the “abstract” level where price or event data

are

sent to a local Energy Management Agent that interacts with local devices.
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2.2 Inter-domain interoperability
2.2.1 General

The Smart Grid is composed of multiple domains, each with systems that together coordinate
between all the actors of the electrical power system to provide reliable power to customers.
SGUI includes the standards that connect actors in the grid domain (service providers,
operations, markets) to customer systems (the Smart Grid “user”). Each domain has existing
information models with invested equipment using existing communication protocols. The
challenge is to bridge the different domains to accomplish SGUI functions (meeting SGUI use
case requirements). Subclause 2.2 reviews some key principles of cross-domain
interoperation. SGUI standards shall adhere to these principles.

InteroFeration across domains typically involves components that are managed by different
organjzations. Organizations maintain autonomy while collaborating and sharing| their
resoufces. These relationships are governed by a set of principles described in\the GrigWise
Interoperability Context-Setting Framework [5], which clearly establish rules_ fof interopefration
as shown below.

2.2.2 Agreement at the interface — a contract

As in| any business engagement, the associated parties establish the ground rules and
captufe them in a contract or an agreement. Each party exchanges goods and services |as an
indepgendent entity. The terms and conditions describe how’goods and services flow befween
partieg, the price, the scope, the schedule, and the guality of the deliverable. They also
describe the consequences for failure to perform. They rarely state how the good or seryice is
creatgd or obtained.

Similgrly, we presume that agreements between ‘components concentrate at the place Wwhere
the bpundaries of each component meet <vtheir interface. By establishing an int¢rface
agreement, each component preserves its integrity. It can change internally and react to
varioys pressures independent of other' components as long as it meets its int¢rface
agreements.

2.2.3 Boundary of authority,

In the electric system, resources are aggregated in a hierarchical fashion, for example| from
the dg¢mand side (custamer facility), to the distribution feeder, transmission substation and
netwdrk control. Each(emponent of such a system plays a role with appropriate authofity to
do its|job. Constraints) rules, or regulations may be specified to which interface agreements
shall conform. Hew such authority is bestowed is a regulatory, political, and business policy
decisijon.

The boundary of authority includes addressing rights of privacy and disclosure and rup-time
expedtations. To the greatest extent possible, any constraint or restriction should be reflected
|n th ;IItUIfG\;U GSICCIIIUIIt bUtVVCCII ;Iltclabtilly Ullt;tico U that hltcllla: dUb;O;UIIO fUI IIOW a

constraint or restriction is met remain within the boundary of authority of each interacting
party.

2.24 Decision making in very large networks

As systems grow, common approaches are to federate systems with similar scope. The Smart
Grid is a system of systems, where each system has its own models, rules, and
implementations. System federation addresses issues of customer, grid, bridging, and diverse
management approaches, and enables working together across individual organizations,
subsystems, and persons acting in their own best interests while setting up information
mechanisms to influence decisions that benefit all participants [6][7].
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The role of standards

ards are extremely important tools to improve interoperability. For a standards

specification to have impact, however, it needs to be available to its potential users.
Proprietary standards may only be available to a community that purchases a specific product.

Open

standards can encourage a competitive, multi-supplier environment. Allowing multiple

solution suppliers to compete encourages innovation in features and performance. Openness
implies that there is adequate information to ensure equal opportunities to produce compliant
components from independent suppliers. The European Information and Communications
Technology Industry Association offers the following criteria for openness [8]:

Control: The evolution of the specification is set in a transparent process open to all

2.3
2.3.1
Subcl
applig
other

behin
price

2.3.2
2.3.2.

interested contributors.

Completeness: The specification is complete (within its scope) d¢o ™ gnsure
interoperability.

Compliance: There is a substantial standard-compliant offering,” promoted by
proponents of the standard.

Cost: Fair, reasonable, and non-discriminatory access is provided to intellectual
property unavoidably used in implementation of the standard.

Smart Grid user applications
General

huse 2.3 covers possible applications involving thel Smart Grid user interface. One key
ation for SGUI is demand response (DR), as”defined below. Demand responsg (and
SGUI applications) may include customer-use of storage and generation resqurces
] the meter to reduce energy usage meastred at the meter. Customers may respond to
signals, DR event signals, or control signals, to provide flexibility [9] to the grid.

Demand response

( General

cons
incen
prices

2.3.2.

2.3.2.

Demqnd response refers to changes in electric usage by end-use customers from their qormal

mption patterns in response to changes in the price of electricity over time, |or to
ive payments designed to induce lower electricity use at times of high wholesale market
or when system reliability is jeopardized.

A Levels of' demand response interactions

2.1 General

The e
1ISO/I

hierar

ectric,industry and customers have implemented various methods of demand resgonse.
C15067-3 [4] divides these methods into direct and indirect load control that may
S OFee—si Ale ize—these—methoe Hrto—fe istinct

O O a1 o g11a al

chical levels of interactions as shown in Figure 2.
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Figure 2 — Levels of demand response interactions
gnals are passed from a DR service proyvider (left side of Figure 2) to a customg

ce), and there may be feedback. Thefour levels of DR interactions are shown
5 crossing the SGUI in Figure 2, and~are discussed below. The levels represe

ertical arrows on the right show the changes in the nature of the interaction acro
at different levels. Theslevel of DR interaction determines the kind of s

er control over response versus DR provider control, and the degree to which d
is deterministic. Each approach has its advantages and disadvantages as disc

The

belongs in the SGUI functional requirements. Direct load control (DLC) is defined below
discugsion oflevel 1. Its place in PC 118 is discussed in the use case analysis (3.4).

2.3.2p2 Control physical devices (level 1)

uestion was_raised in PC 118 as to the definition of direct load control and whe

r (DR
n the
ht the

nt kinds of signals (information and purpose) sent to different customer

. The
5s the
gnals
int of
evice
ussed

her it
in the

At the lowest layer of DR interaction, the energy service provider directly controls devices and
the power to the load. An example of this is the use of a radio frequency signal to trigger
relays on air conditioning units.

The term “direct load control” is often used to refer to a DR service provider (e.g., utility)
switching on or off customer systems, devices, or appliances. For example, signals from a
utility or a third-party service provider may directly control home air conditioners and hot
water heaters. DLC is widely used with residential customers and ISO/IEC 15067-3 defines
DLC in the residential context as “remote control of one or more appliances by a utility or
third-party service provider”.
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Advantages/disadvantages:

The energy service provider needs to understand how the load operates as well as the
device type in order to turn power on and off directly and how this affects safety,
reliability, environment, comfort, etc.

Low-level physical control is often the lowest cost in the absence of existing
automation equipment.

The customer has no risk or control for whether the load is actually controlled as
directed by the energy service provider.

2.3.2.2.3 Indirect monitoring and control (level 2)

At th
(ther

speciflic) signals to change the load.

At thi
action
send
requir
or eqy

Advar

2.3.2.

At theg

next level of DR interaction, the utility uses the customer's automation equipment
ostat, building management system, etc.) to send device-specific (or ,sub-system-

5 layer, there is control logic between the utility and the load. Theyutility requesgts an
to occur on a logical device or system. For example, an energy,service provider [might
a signal to a thermostat to increase/decrease temperature set ‘points. Higher plriority
ements in the control logic may override the signal from the Atility, e.g. safety ovefrides
ipment reliability considerations.

tages/disadvantages:

Energy Service Providers do not require full knowledge of the devices in the cusfomer
domain, because the automation system<ensures that appropriate facility and
equipment constraints are maintained.

The customer requires a minimum level-of automation capability depending upor what
devices are being controlled. This may-increase cost if new automation equipmient is
required, for reasons such as thelability to communicate with the Energy Service
Provider.

Energy Service Providers wishing to come in at this level may need to interface with
automation and control protocols used by existing systems.

Security and privacy ,concerns may require additional costs in order to addregs the
associated risks.

Changes in thelcustomer’s automation equipment can impact the Energy Service
Provider.

The customer is only responsible for doing what was requested and not for whether
what was/asked is sufficient to achieve the needed demand reduction.

R.4 Request demand modifications (level 3)

next level of DR interaction, the DR Service Provider specifies the desired resulfs and

the user decides how to achieve those results, e.g. "Reduce/Ilncrease your load by 10 kW."

At this level the user or the user’'s automation systems decide on the optimum course of
action, based on an analysis of the trade-offs, to achieve the desired results with the minimum
impact on the user.

Advantages/disadvantages:

The customer is fully responsible for achieving the agreed upon reduction in demand.

The Energy Service Provider is not impacted by customer-side equipment changes or
automation strategy changes.

The customer has a choice on what it will curtail in order to achieve the requested
results.
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e The Energy Service Provider does not require knowledge of the exact details of how
the user will respond internally, only the overall result.

2.3.2.2.5 Convey prices / transactions (level 4)

At the highest level of DR interaction, the DR service provider conveys a price or a price is
negotiated and the user decides what to do. At this level, the user or the user’s pre-
programmed automation systems decide on the optimum course of action to achieve the best
results consistent with the user’s business goals.

Advantages/disadvantages:

e [ The customer determines price risk and potential savings.

e | The customer has a choice on how, or whether, to respond to the price signals.

¢ | Advanced automation strategies may be required to take advantage of dynamic

while minimizing risk.

2.3.2.2.6 Interactive DR versus DLC

brices

Figure 3 may be helpful in understanding the distinction between jndirect or “interactive DR”

(level$ 2 to 4) and DLC (level 1) and the customer role. DLC is- equivalent to circumv

bnting

any Idcal customer control over a customer device; a DR service-provider directly contrgls the

powel to the customer device. On the other hand, interactivenDR includes some meas

ire of

customer control in varying degrees. Interactive DR may" also imply customer feeflback
(bidirgctional communications), which is required for certdin DR use cases.

DR service

” Customer
provider

“Interactive 4

convey price DR logic
DR” + convey shed and

* convey set point control action

DLC interrupts Control
power to direct load control physical

physical device . - devices

IEC

Figure 3 — Interactive demand response versus DLC

2.3.2.3 Characteristics of moving to higher levels of DR interaction

2.3.2.3.1 General

There are several characteristics that tend to emerge as demand response solutions move to
higher levels of demand response interaction. These are shown as vertical arrows on the right

side of Figure 2.
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2.3.2.3.2 Increasing customer choice (characteristic 1)

At lower levels of demand response interaction, the user may have no control over when the
DR service provider curtails their loads. This may cause problems with customer satisfaction
and willingness to participate in demand response programs. It can also affect equipment
reliability. At higher levels of demand response interaction, customers can decide how to
achieve the desired demand reduction or whether financial or other considerations override
the request from the Energy Service Provider. This can increase customer satisfaction and
willingness to participate in demand response programs.

2.3.2.3.3 Increasing user responsibility (characteristic 2)

At onLer levels of demand response interaction, the DR Service Provider is responsihile for
installation and maintenance of all equipment and connections used to control the response to
the demand response event. The DR Service Provider is also responsible forijal dgmand
reductions which are achieved or not achieved as a result of system problems. At higher
levels| of demand response interaction, responsibility for installation andCmaintenance of
facility equipment that is used to control the response to the demand response event shififts to
the cpstomer. The financial benefits and risks of participating in the, demand response
program also shift to the customer.

2.3.23.4 Increasing need for user automation (characteristic 3)

At lower levels of demand response interaction, the user'is not required to have any
automation equipment since the DR Service Providep, directly controls whether power is
allowgd to flow to the load. The need for automation increases as demand response shijifts to
higher levels of interaction. At the level just above direct load control, this may be as gimple
as a fthermostat. Higher levels of interaction may.,require a building management system,
energy management system, or even some type-”of enterprise level system that congiders
trade-offs between energy prices and other business considerations.

2.3.23.5 Increasing grid/user decoupling (characteristic 4)

Users| often have a significant investment in automation equipment for their facilities. They will
not aytomatically replace existinglautomation equipment to communicate with the Smar{ Grid.
Instedd, they will evolve their existing systems to include this functionality.

Facilifies do not need to‘have as complete of an understanding of the grid as grid dpmain
particlpants require. (The grid operator does not need to have as complete o¢f an
underptanding of all facilities as operators of these facilities require. The SGUI can servg as a
decoypling mechanism that allows these two domains to interoperate without beinjg too
closelly tied togéther.

A stable interface promotes decoupling and enables changes to occur on either side pf the
interfacé/ This minimizes the impact of these changes on the other side of the intefface.
Stabll t_y dUUO IIUt GUtUIIIGt;bG”y |G\.|u;|c [=} otat;u ;IItUIfGUG, but It dUCO IU\.IU;IU that uhanses tO

the interface shall be made in a way that does not break existing, deployed systems.

2.3.2.3.6 Decreasingly deterministic results (characteristic 5)

At lower levels of demand response interaction, the resulting demand reduction can be very
deterministic since the energy service provider is directly disconnecting the power to the load.
At the higher levels of demand response interaction, the resulting demand reduction is more
indeterminate unless aggregation of numerous demand response resources is included.
Aggregation converts a collection of indeterminate resources into a determinate resource for
the grid.
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2.3.3 Other SGUI applications

2014

SGUI applications include but are not limited to demand response. While demand response
and related functions discussed above relative to Figure 2 are key functions of the SGUI,
other use case functions have been identified, as seen in 2.4. These functions include:
information communication such as meter reading (energy usage information), equipment
energy efficiency management, power quality monitoring, and notices of imminent power

failure. Also, ancillary services are not traditionally considered demand response.

2.4 SGUI functional requirements

Subcl 2.4 pr nt mmary of the r irement n re rev
in 3.3] and based on discussions in PC 118 that have focused the SGUI perspective dg
a crog$s-domain interface as shown in Figure 1. There are some requirements express
use cpses reviewed that seem to be more like edge cases for the SGUI, and which n
may

ewed
wn to
ed in
ay or

ot be clearly captured in the following functional requirements classifications. These

edge [cases are not being completely dismissed, but may be of lower priorityy or may be re-

examined.

Functlonal requirements are derived from business use cases¢and define the system
functipns—what the system should do. Quality requirements (2.7)\address the performance
requirements including SGUI testing requirements based on thé use cases. The archit¢cture

(2.5) defines the structure of the system to meet the requirements.

Use dases can be summed up in terms of the followifig information exchanges (fung

tional

requinements list below). Not all users (e.g. resideniia) devices versus large facility gnergy

management systems) need to support all of these. functions since the programs an
capalilities of systems can vary greatly.

This fechnical report, guided by the submitted use cases, addresses the important pi

d the

esent

areas| of: demand response, price-based-interoperation, and direct load control. In addition,
monitpring, confirmation of delivery \ahd demand, and other reporting capabilitiep are

imporfant. In 3.4 we present a detailed analysis of the use cases; the following fung
requirements are in the same form and order as the use case classes of Clause 3.

Funct|onal requirements for the smart grid user interface include the following:

tional

1.| Interact with mafkets: This requirement implies the communication of market prices

transactions_between the grid and the user are used to buy or sell electricity
terms thaftcan be negotiated using the interface. Market transactions require a
that knows its forecast demand or generation in order to place bids and offers
market:

varying prices for electricity provided by the grid and consumed by the user, o

and product ,descriptions, and the ability to respond to price information. Market

under
client
into a

2.| Convey price and product description6: This includes fixed, scheduled, or rejl-time

r vice

versa. Prices may address a diverse range of electricity market products which will
continue to evolve. Price information shall include product description. In some cases
prices may be determined through a negotiation process that needs to be part of the

interface.

3. Convey ancillary services and operator signals: This includes voltage regulation and

real-time dispatch.

4. Convey demand response and distributed energy resource (DER) requests and
notifications: This involves asking the user to shape electricity demand on a temporary

basis and may be done through price changes or by invoking a previously agreed

upon

6 As described in the NIST Smart Grid Framework and Roadmap [10], price without product definition (to which

the price applies) is insufficient.
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response to a DR event signal’. Here we refer to an abstract interface where the
energy provider does not control the load and relies upon the user to respond in an
appropriate way (per contract) to the information provided. DR requests include those
for emergency DR.

5. Convey indications of impending power failure or grid instability: This does not include
communication of natural disaster or weather related events, but does include
notifications of impending power failure or grid instability that may result from natural
disasters, weather, or other events.

6. Convey directed interaction requests: This includes direct load control actions applying
to users who do not have the ability to respond to price signals or demand response
requests but have entered into an agreement to permit the energy supplier to directly
modify or shut off individual loads. Related areas include directed management of
energy storage resource; such requests may be expressed in terms of either’gower,
energy or charge state of the resource.

7.1 Convey historical or real-time energy usage (meter measurements):, This inyolves
providing a way for a user to supply aggregated, whole buildingsystems, of sub-
system energy usage information to the energy provider, which can~be used to| meet
DR program participation requirements and assist in measurenient and verification of
the participating user. The same software mechanisms cafi_convey forward power
usage projections, providing a way for a user to supply ferecast information {o the
energy provider that can be used to manage grid réspurces, and be useful for
evaluating and measuring energy efficiency and for facility commissioning and [green
building/LEED continuous commissioning. The eneérgy provider may also pfovide
validated energy usage data to the user. Demand is more specific and is included in
the next class.

8.] Convey monitoring information: Monitoring.is key to demand response and distributed
energy resource management and verification, as well as energy efficiency information
with respect to the Smart Grid user.cinformation that may be monitored ingludes
storage and generation availability;\status, present and forecasted demand and
capacity, and other forecast information to enable effective management of the grid.
Usage forecasts are addressed:infitem g). Measurement of energy usage at a transfer
boundary is important for monitoring and verification. Power quality may be monifored,
although perhaps by other interfaces. Compared to item g) above, monitoring suggests
more extensive data callection and interaction than simple usage (historical, présent,
and future projections):

In addition, some submitted use cases present functionality that provides remote flacility
management for systems internal to the customer/Smart Grid user, such as remote health
monitpring, which s€ems specific to facilities and their implementations, and subject to future
independent evolution.

DR and DER.events, as well as ancillary services and market interactions require suppjorting
serviges and information. This might include: registration, enrollment, communicating the
availability of resources, opt-in or opt-out responses to DR event signals, status of load
responrse—ahd-appropriate-baseline-data-

Ut oo osTTc—Uata

The following figure (Figure 4) shows the information flowing across the SGUI and some
actors on either side. The information is represented in the blue arrows. The architecture of
the SGUI will be discussed more in 2.5. Actors are discussed in more detail in 2.6.

7 This agrees with the more simple definition of DR given in IEC 60050-617-04-16 [11], “action resulting from
management of the electricity demand in response to supply conditions.”
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NOTE | Weather information is important for Smart Grid, but is not listed as an SGUI functional requiremen{/in 2.4.

Internal[ional standards (e.g. WXXM in WMO) cover thg& d weather services already provide weather data
Figure 4 — Information exchange thr h the SGUI between the grid (external seryice

providers) and use.$ in the Customer Facility domain

xO
2.5 |Architecture Ne-
\0

The goal of 2.5 is to und and how the SGUI fits into a Smart Grid architectufe, by
discugsing the goals of th architecture and a conceptual reference model.

The $GUI shall be @itable for interaction with many different kinds of users with varying
abilities and con ints. The control and automation technology used to respond to thg grid
com unicatio&a' vary with the type of user (residential, commercial, industrial). The Bmart

i ce shall work with all of them. It is important that changes in the dontrol
techn Iog' found in the user’s facility do not “break” the interface. These control
re for
bn the
details of how the user implements a response. The interface serves to abstract the details
behind the interface in order to promote scalability, extensibility, and flexibility. The proper
level of abstraction provided by the interface will vary based on the business and application
requirements.

Because of the possibility of aggregation of users, a single entity (e.g., an aggregator) may
look like a user to an energy service provider but at the same time look like an energy service
provider to one of the aggregated users. The architecture shall accommodate this type of
hierarchical structure.
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Grid
domains

Operations
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providers

Customer facility

domain

Transmission
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management Sub-systems
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loads
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generafion
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Figure 5 — High-level generic Smart Grid user interface architecture

5 shows a conceptual diagram of the different Smart Grid domains and the intera
ne customer facility domain. The customer facility domain is seen to interact directl

customer domain pass through an SGUI, whether that interface is used for communicati

an er
contrg
gatew
In paf
ease
premi
the m

The |

ticular, a smart meter may_be’ used to support a subset of SGUI functions in or

5es. An example architéecture for residential applications with direct interactions th
bter is provided in 3,2:4 based on French implementation.

SO/IEC 15045.13Y series of standards specifies a gateway as a logical demar

betwegen the publie.and private domains. The SGUI may be included in the gateway,
energy management agent, specified in ISO/IEC 15067-3 [4]), or at end-devices

EMS

emises(The choice depends on implementation design, complexity, and market f

ctions
ly with

e providers (and other grid-side domains) via the SGUI. All communications {o the

bns to

ergy management system (EMS),~0r to a specific piece of equipment (direc{ load
). The SGUI functions can be \hosted by a dedicated device such as a residential
ay or added as a functional component inside an existing device such as a smart meter.

Her to

Heployment of services without needing to deploy new hardware components inside the

rough

cation
in an
within
actors

omer

facility” side. The grid side is exposed to the energy service provider (or an aggregator), while
the facility side is exposed to customer systems. The SGUI represents a logical demarcation
point of ownership or an operations support boundary. A clear demarcation encourages
market developments of competitive devices, equipment and appliances that facilitate demand
response, energy efficiency and energy management.

An SGUI may be owned and operated by either an energy service provider or a customer. The
physical location is of minimal importance. The number and structure (hierarchy) of SGUIs will
vary as determined by service providers and customers.
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2.6 Actors
2.6.1 Overview

An actor is a device, computer system, software program, or the individual or organization
that participates in the Smart Grid. Actors may take on various roles. Actors have the
capability to make decisions and to exchange information with other actors. Organizations
may have actors in more than one domain. The grid service providers and customer facility
users illustrated in Figure 4 are representative examples but are by no means all of the actors
relevant to the Smart Grid user interface. Each actor may exist in several different varieties
and may actually contain other actors within them.

2.6.2 Customer domain characteristics

The dqustomer facility domain has varying degrees of complexity—the residential home is
relatiyely simple while large commercial and industrial facilities can be very complex.| Each
sub-dpmain (residential, commercial, industrial) has multiple actors and_applications, The
communication technologies and standards used by devices in the differen{ sub-domaing vary
significantly.

The diverse energy assets within the customer domain can be €haracterized by: elegtrical
capadity, operational characteristics, economic impact on customer, operational flexibifity of
custol:er, operational impact on the electric system, system.complexity of customer, level of
customer automation, customer sustainability needs, and energy assurance needs.

2.6.3 Grid-side, customer-side, and SGUI actors
2.6.3/ General
We diyvide actors into three categories:

e | grid-side

e | customer-side
e | SGUI (at the boundary between the grid and customer sides)
Some| actors are at the boundary, specifically, metering and gateway functions. The purpose

of 2.6/3.2 to 2.6.3.4 is to_show example assignments of actors; this is neither exhaustiye nor
prescfriptive.

Metrojogy and metering are listed as grid-side actors, but also as actors in the customer-side;
we in¢lude themin'both lists as well as the SGUI list, as metering flows between the grid- and
customer-side are an SGUI function.

2.6.3.R Grid-side actor examples

Grid-side actors include markets, utilities, systems and transmission operators, energy
services companies (ESCOs), energy management providers, aggregators, etc. The lists
below are not meant to be exhaustive.

Market domain actors include:

e Retailer/wholesaler—Wholesaler or retailer purchasing energy in the market and
selling it.

e Aggregator—Service provider aggregating small-scale participants (supplier, consumer,
load shedding/reduction) and performing transactions for them in the electricity market.

e Energy market clearinghouse—Market operator or system deciding the electricity
market price based on the bids of consumers and suppliers in the electricity market
and the collected information on the electricity system operation, and calculating the
charges for the services supplied by the market participants
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Operation domain actors include:

EMS—Comprehensive energy management system that monitors and control

s the

operation of the electricity system in real time, produces electricity in an economical

way, and supplies electricity in a stable manner.

DMS—Distribution management system that analyses the operation of the distribution

system and operates it efficiently.

MDMS—Meter data management system that stores and manages the energy use data

or events measured by AMI/AMR.

DRMS—Demand response management system that manages the amount of e

nergy

Servid

Gene

Trans

2.6.3.
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OMS—Outage management system that assists in the restoration of power”
customers.

o the

GIS—Geographic information system that captures, stores, manipulates, analyzes,

manages, and presents all types of geographical data including the customer loca

TCM—Trouble call management system that offers better .€ustomer servig
reducing interruption time.

e provider domain actors include:

tions.

e by

Retail energy provider—Energy service provider (retdiler) with its own customer

information system and billing system.

Home/building manager—Energy manager who,*manages and installs Smart
interacting equipment in homes or buildings.

Aggregator—Service provider aggregating small-scale participants (su
consumer, load shedding/reduction) and" performing transactions for them i
electricity market.

ation and DER domain actors include:

Generators—Generation equipment and distributed energy resource equipmen
participate in markets and\teceive dispatch signals from grid operators.

mission and distribution.domain actors include:

TSO—The transmission system operator manages transmission of electrical
from generatipn-plants over the electrical grid to regional or local electricity distri
operators.

DMS—The- distribution management system monitors and controls the distri
network_to improve reliability and quality of service by reducing outages and o
time,;and maintaining acceptable frequency and voltage.

Grid

bplier,
h the

may

bower
bution

bution
utage

3 User-side actor examples

User side actors might include devices, smart appliances, transactive parties, EMS, buildings,
microgrids, etc.

DER domain actor examples:

DER-EMS—Comprehensive energy management system that monitors and controls
the distributed energy resource equipment and distributed energy storage system to

produce and supply electricity in an economical, stable manner.
Distributed generation—Distributed energy resource equipment.
Energy storage systems—Distributed energy storage system.

Microgrids—A self-managed sub domain with resources and loads.

Transportation domain actor examples:
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Electric vehicle—Plug-in hybrid/electric vehicle that consumes, stores, and supplies
energy.

Electric vehicle supply equipment (EVSE)—Charging station for EV.

mer domain actor examples:

Gateway and metering functions are considered to exist between the grid and customer side; they are

listed here and separately in the SGUI actors.

2.6.3.4 SGUI actor examples

Residential gateway—Customer side device or application that functions as the
communication gateway between the customer devices and actors outside the
customer facility domain. A residential gateway may provide gateway functions for
energy management. If the gateway provides no other services, such as TV or Internet
access, it is equivalent to an energy management gateway. Some electric utilitigs use
the term energy services interface for an energy management gateway.(ISP/IEC
15067-3:2012, 3.1.11).

Meter—Smart meter in the consumer domain; measures the amount-ofielectricity used
and possibly generated and may play the role of a communication-gateway.

Customer subscriber equipment—Subscriber's equipment provided by the segrvice
provider and connected with the network; (e.g., terminal,“&et top box, and |cable
modem).

Appliances—Home appliances such as air conditionéfs, heaters, refrigerators, and
clothes washers.

Thermostat—Automatic temperature regulator.

Customer EMS—Energy management system/of home, building, plant, etc. thatf may
monitor and control the operation of electricity distribution, production, and storage
within a home or building possibly in real\time to achieve the goals of the occupants.
These goals may be based on costs~désires for specific device operation (hdating,
cooking, lighting, etc), or agreements with an energy service provider. Residential EMS
types and functions are specified in?ISO/IEC 15067-3.

Customer substation—Substation installed in the consumer's facility.

The §GUI in Figure 1 is between the grid-side and customer-side; in 2.6.3.4 we list actors
relevgnt to the SGUI. Logically, these are between the grid and customer, and are essential to

carryi

NOTE
Archite

2.7
271

Subcl

ng out functions related to the SGUI, and can be for example:

Energy Services Interface—Device or application that functions as the communigation
gatewaycbetween the customer-side actors and the grid-side actors. Some gateways
may extend beyond energy, e.g. for telecommunications, cable television, and the like.
Some—electric utilities use the term energy services interface for an egnergy
management gateway (ISO/IEC 15067-3:2012, 3.1.11).

MNMaotar St At
wroteT oTart 13

and supplied.

teityl used

Another vision of these actors considered as functional components is described in the French COSEI
cture provided in 3.2.4.

Quality requirements
General

ause 2.7 presents the quality requirement topics that shall be considered for any given

implementation of an SGUI, in order to meet use case requirements. Application quality
requirements include security, reliability, scalability, performance and maintainability. These

direct

ly impact system architecture and design.
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2.7.2 Security and privacy

Cyber security is critical due to the potential for adverse impact on both the customer and the
power system. Signals sent to or from large numbers of customers represent an attack
surface that has the potential to disrupt the bulk power system. Invalid signals from the grid-
side sent to the SGUI can interrupt and compromise commercial and industrial operations and
may result in harm to equipment and personnel. Invalid signals sent from customers to service
providers may cause misinformation and result in potentially harmful actions.

Security enables protected interaction and is fundamentally concerned with managing risk.
Security measures shall address application vulnerabilities and exposures, as evaluated by
domajp_experts at the time application requirements are developed Security in the
markgtplace requires transactional transparency to ensure auditable and trageable
transgctions.

Securfty measures should be tailored to the application. A single security regime dogs not
apply|everywhere. The security equipment and operational costs should be @appropriate fpr the
envirgnment, threat, and potential consequences. Some data, such as/published electric
rates,|may not need to be encrypted. Rather, customers need to be assured that the dafa are
autheptic, meaning the sender is the energy services provider. Sugh*-authentication is widely
used [n Internet commerce.

The dix areas of security that need to be addressed by¢applications are: authentigation,
authofization, confidentiality, integrity, non-repudiation and)auditing. Authentication refers to
validating the identity of a user or code. Authorization.réfers to validating the authority of a
user ¢r application to perform actions. Confidentialityyis/the ability to encrypt data in orfer to
prevent its access and integrity is the ability to detect data tampering. Non-repudiation [is the
ability] to ensure that messages are sent and received by those that claim to have sent and
receivied.

In order to maintain system-wide security® and integrity, the above security principles and
technjques shall be applied in such a_way that if the security of a single SGUI interacfion is
compfomised it does not affect the security of other SGUI interactions. Furthermore to gnsure
propef operations and accountability, the SGUI shall support means to audit and monitor
interagtions through the SGUL (This includes the ability to log transactions and exchange
statuqg information.

Consumer privacy shall*also be considered, with interface design permitting mjnimal
information transfer/ Privacy protection uses some security tools such as encryption and
autheptication, but\ establishing security does not ensure the privacy of customer|data.
Customers should-"be informed of and should be in agreement with plans for collgecting
persohally-identifiable data, uses of these data, the length of data retention,| data
anonymization, and data obliteration when the data are no longer needed [12].

Securitysis typically composed with an interoperation specification for a specific deploymlent; a
single security profile does not address all possible implementations. In addition, security
requirements and functionality generally evolve more quickly than interface specifications.
Different parties involved in interactions require different choices for security, privacy, and
reliability. Details of security requirements for particular interactions across the SGUI are too
specific for inclusion in this technical report.

2.7.3 Scalability and performance

The SGUI needs to be designed to scale in multiple dimensions. It shall scale across different
types of customers: residential, commercial, and industrial. It shall scale across a single
customer, since a facility may have one or more SGUIs and a customer may have one or
more facilities. It also shall scale across multiple customers, since a single service provider
may interface to hundreds of thousands of separate SGUIs. A single SGUI may also connect
to multiple grid-side service providers.
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The SGUI is a component in a large-scale, fast-responding energy system with wide
geographical distribution. Business and economic requirements from business cases are often
tied to the ability of service providers to reach large numbers of customers within rigid time
constraints. Scalability can be characterized in terms of the quantity of actors involved and
the performance required in terms of data throughput (i.e., messages per second) and data
delays or latency (i.e., milliseconds). These may vary from thousands of large customers to
millions of homes, and from hours-ahead DR signals to sub-second response times. The
architecture chosen will determine the ability to meet application performance requirements.
Technology that meets performance requirements in the context of relatively small numbers of
actors may not meet performance requirements when a large number of actors are involved.

2.7.4 —Maintainability

To enpure the continuing evolution of the customer centric applications on the Smart Grid, the
SGUI|design needs to ensure maintainability. It should be understood that the SGUI will
evolvg over time and methods should be included to ensure backwards compatibility and
ability] to evolve standards. The methods should also extend to identify, .cemmunicate and
diagnpse exceptions and errors at SGUI.

3 Clountry actions and perspective on Smart Grid user interface

3.1 General

Subclpuse 3.2 starts with member country perspectives on SGUI, followed (3.3) by a summary
of usg cases submitted by each country (with use caSes details provided in Annex C), and
then [3.4) an analysis of the use cases to derive common classes of use cases| (e.g.
communicating DR events, price signals, etc.). Subclause 3.5 calls out some specific issues
that rleed attention, including use cases of member countries that do not fit well with the
consegnsus SGUI perspective presented in Clause 2.

3.2 |Overview of country experiences
3.21 China perspective
3.21{ China’s research and practice in Smart Grid user domain

Chinal has made great efforts in promoting energy savings and emissions reduction |n the
whole] society, and has_valued it as a part of accelerating the transformation of their ecopomic
develppment mode, with' the vision to benefit the power grid enterprise, third parties sych as
servide providers,, and customers through the deployment of demand response, energy
efficigncy evaluation, renewable energy integration, and interactive services in the Bmart
Grid. A practical way to realize the vision is to make good use of business resources ¢n the
grid sjde, tofully explore the dispatchable loads on the user side, and to develop standards
and specifications on the Smart Grid user domain. Standardization on information exchange
between{grid and user interface will promote the information exchange and buginess
integrati oSt ide; iti i i i mode
for Smart Grid, lower the R&D cost and implementation cost for the service provider and the
manufacturer, enhance the safety and service of the grid enterprise, and satisfy the diversified
requirements of customers, such as energy conservation and efficiency improvement.

Since China launched the Strong and Smart Grid Construction program in 2009, the State
Grid Corporation of China (SGCC) has carried out significant research and practice in the
customer domain. By the end of 2011, SGCC finished construction of EV charge/switch
facilities covering 26 provinces, installed and applied 51,62 million smart meters, constructed
28 smart communities and buildings, provided energy management service for 35 000
households; finished the main station construction for the power consumption information
collecting system in all provincial electric power companies, realized information collection,
load management, auto-metering and billing service for 76,45 million households including
industrial and residential customers. SGCC also achieved certain accomplishments in
integration of roof solar and wind, pre-pay billing system, interactive service platform of smart


https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

IEC TR 62939-1:2014 © IEC 2014 - 29 -

power consumption, and other areas. In 2012, SGCC and Honeywell together launched a
project to study the demonstration and feasibility of DR in Smart Grid. The project deployed
auto—-DR systems and devices in the district administration office, commercial buildings, office
buildings and industrial users, which received significant effect in reducing peak load.

3.21.2 China’s efforts on system construction of Smart Grid standards

In March 2009, SGCC launched the research project on Smart Grid standards system. A
research team consisting of experts of various domains from China EPRI was assigned to this
project. Through a year’s effort, and considering comments and opinions from interested
parties, and after several revisions, the team came up with the SGCC Framework and
Roadmap far ernng and Smart Grid Standards r‘n\/pring 8 domains 26 technical areas and

92 stgndards series.

In order to boost China’s Smart Grid construction, the Bureau of Energy of-the Ngtional
Develppment and Reform Commission (NDRC) and Standardization Administration of China
(SAC] set up a working group on the national level to promote the standardization pf the
Smarf Grid. Currently, the group is working on the draft of Smart Grid~Fechnical Starldards
System of China with nationwide support of domain experts. In thé~customer domain of
Ching[s standards system, the following areas are given priority:

¢ | Advanced metering infrastructure

e [ Demand response

e | Customer energy management

¢ | Power energy efficiency

¢ | Electric vehicle charging

o | Electric storage

o | Distributed energy resource

¢ | Electric energy management service (interactive service platform)
3.213 Latest developments of.the Smart Grid standardization in China

Accorfding to the arrangement'of the National Development and Reform Commission (NDRC)
and the SAC, the following national standards are under development:
¢ | Effect monitoringyand comprehensive evaluation of demand response
¢ | General specification of electric power efficiency assessment

o | Metering_2and certification specification of power conservation through dgmand
resporise

o | Guidelines for energy efficiency evaluation in low-mid voltage distribution grids

e | Series standards of public service platform for user side management

e Series standards of electric energy efficiency monitoring system

e Technical standards of aggregating and acquisition device for energy efficiency
3.2.2 U.S. perspective

The United States (U.S.) has made significant advancements on developing a standards
infrastructure to enable a future Smart Grid. The U.S effort is led by the National Institute of
Standards and Technology (www.nist.gov/smartgrid). NIST is mandated by U.S. law (the
Energy Independence and Security Act of 2007) to assume primary responsibility for
coordinating the development of a standards framework to achieve interoperability of Smart
Grid devices and systems. The U.S. plan for Smart Grids is described in the NIST Framework
and Roadmap for Smart Grid Interoperability Standards Release 2.0:

http://www.nist.gov/smartgrid/upload/NIST Framework Release 2-0 corr.pdf.
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To carry out its mandate, NIST established a public-private partnership called the Smart Grid
Interoperability Panel (SGIP). The SGIP engages national and international stakeholders from
the entire Smart Grid community in a participatory process to identify applicable standards,
gaps in currently available standards, and priorities for new standardization activities for the

evolving Smart Grid. The SGIP has over 700 member organizations representing 22 in

terest

categories. Over 100 of the member organizations are from outside the U.S. The work of the

SGIP has already had significant impact resulting in several new or revised U.S
international standards.

. and

SGIP is focusing on standards in the following areas to encourage interoperability among the

components of smart grids:

o | Demand response and consumer energy efficiency
e | Wide area situational awareness

o | Electric storage

o | Electric transportation

e | Advanced metering infrastructure

¢ | Distribution grid management

e | Network communications

o | Cyber security

Specific standard gaps are identified and addressed in the SGIP process through the cr

pation

of prigrity action plans (PAPs). A PAP is both documeéntation of a specific need with tarngeted

delivgrables and a collection of experts from the SGIP community who work to produc
delivgrables. A PAP typically develops use cases.and other preliminary work that is offe
a standards development organization to accelerate their standards development prg
The RAP monitors the development of the)standard and evaluates how well the res
standgrd meets the identified industry need. Several PAPs and their associated stan
have scopes that are relevant to PC 118«

Figurg 6 shows a conceptual Smart” Grid architecture model based on the seven do

e the
red to
cess.
ulting
dards

mains

defingd in the NIST Framework: This architectural model was used to help identify existing
natiorlal and international standards that are critical to achieving a Smart Grid and to identify

gaps that need to be filled-in“order to achieve interoperability of products and system
believe that standards related to a “Smart Grid user interface” are most strongly asso

5. We
Ciated

with the interface poifits in Figure 6 where the solid black lines connect to the Cusftomer

domaljn (lower right).
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Figure 6 — NIST smart grid conceptual model (from NIST Framework 2.0)
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3.23 European perspective

The Smart Grid standardization framework in Europe is pushed by two mandates of the EU:
Smart Metering M441, and Smart Grid M490. The answer to these standardization mandates
is jointly worked by CEN, CENELEC and ETSI. The standardization in the field of the so
called “Home and Building Electronic System” (HBES) is handled by CENELEC (CLC) TC
205. For the Smart Grid related items CLC established a special working group — CLC TC 205
WG 18. IEC TC 57 WG 21 defines the data models and communication services delivered to
residences as well as commercial and industrial facilities. In ETSI, the M2M Technical
Committee has specified an M2M generic architecture and APIs to enable vertical applications
such as smart metering or smart grid use cases to access capabilities commonly needed
(security, access rights, device management, store and forward, etc.). These specifications

(ETSI|TS 102690 and TS 102921) were published at the end of 2013.

For tHe handling of Smart Grid and smart metering in Europe, a reference architectur
defingd (see Clause B.2). The management of loads, e.g. switching on or off, inna buildi
residgnce) can be controlled by the grid (in dependence of the electricity generation). F

B was
ng (or
pr the

execution of the management of loads in a building a home and building\€lectronic s

ystem

(HBE®) is necessary. The HBES interacts with the Smart Grid architectute via the addifion of
a utilify customer energy manager (CEM) interacting with the HBES~via’a Smart Grid gnergy

management gateway. To enable the Smart Grid functions in\ the building the
management gateway and the CEM play a key role. To assuré the interworking of d
from qifferent manufactures all units shall work on a standardized basis.

The fesulting standardization structure has these standards bodies with the foll
respopsibilities: TC 57 WG 21 for the grid side of the.SG user interface, TC 205 for th
conngction to the HBES and TC 59 WG 7 for customer devices like washing mac
refriggrators, and so on.

nergy
vices

pwing
e SG
hines,

In order to enable differentiation between various vendors of customer energy manage
behaViour will not be standardized, but thesframework and the data structures for the intg
will be standardized. If interoperability and the independence of the customer energy ma
are a|requirement, then a customer energy manager framework (CEMF) is needed. Th
of CENELEC TC 205 WG 18 is to describe this CEMF in a normative way. The result

WG will be the EN 50491-12 standard. As in reality there is not only one type of HBES
markat it is necessary to definea solution that enables to have a unique standardization
grid and at the CEM. The solution is one common framework with one neutral standa
interfgce for the connection (mapping) of any HBES.

The ipput of the framework is described in the IEC 62746 [13] series. The framework
described in ENS50491-12 [14]. The mapping to the HBES / BACS is described i
specifications ofithe different systems (e.g. EN 50090 series). In detail the architecture
gatewlay is as.follows (see Figure 7):

rs, its
erface
nager
b task
bf this
in the
in the
dized

vill be
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CEMS direct connection, in case there is the
CEM provides only the basic

E\ﬂeteringf Direct Contr%

________________________ @ |:| »
—————— 8 Dg‘f)ts.
Power g D 1 1
Managemen| { | [T o [—I A e
. -
DER DER

System
Interfac

! Framework / Srart Devicg

SGCP CEMF

| ) f

1
Building 7
IEC

Figure 7 — Architectural details of the EN.50491-12 CEM framework
More details (with schematics of architecture) aré'presented in Clause B.2.

3.24 France perspective

France has already a long history_sand experience, recognized worldwide, in dgmand
respopse, either through:

o | Tariffs (supplier or utility);'time of use, dynamic tariffs (critical peak pricing, fided or
variable, such as day/night tariffs or so-called “TEMPOQO” tariff).

¢ | Incentive DR programs: direct load control and interruptible load (curtailpnent),
proposed by utilities to cover internal needs, and potentially emergency programs|.

France has launched”Smart Grid initiatives at least in two major areas: the “Linky” |smart
meterjng program;.and the “Smart Grid trials” program.

As a| guideline framework to these initiatives (see details below), the Smart |Grids
standgrdization working group within the French Committee for the Strategic Orientatjon of
Eco-Industries (COSEI) has especially formalized three high-level functional architegtures,
suitable for those programs (see Figure 8). Having been validated by the French Ministry of
Industry (DGCIS), this work reflects a consensus among the stakeholders (French equipment
manufacturers of the power sector, telecommunications operators and Electricité de France
(EDF) Group) that are members of the Smart Grids standardization working group within the
French Committee for the Strategic Orientation of Eco-Industries (COSEI). These three high-
level functional architectures are located downstream of the electricity meter (smart home in
the Smart Grid context). The scope focuses on electricity-related residential services and
includes neither security nor health care services nor electric vehicles.

The architectures enable the management of electric flexibility within a smart home
environment as well as the related customization and information services. The electric
flexibility of a smart home is its ability to increase or decrease its electricity consumption in
response to signals intended to change its load curve.
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Smart metering-centred architecture

System using exclusively data coming from a smart metering

gateway

.......

Smart metering-based extended architecture

System using data coming from a smart metering gateway and
fr¢m an energy management gateway. Responses to data coming
frgm the smart metering gateway are enhanced depending on

external parameters (weather, flexibility requests...)

‘A‘“"\-— Functional components

——.ﬂ _______ : ——»m cgy Customer energy
- H management

! DEM Device energy managemgent

__._._._._._m EMG Energy management

gateway

e

SM  Smart metering

SMG Smart metering gateway
Genetic architecture Ul User interface

Flows of information

Flexibility requests /
frgm an energy management gateway. This system =% Priceincentives /

Data

System using data coming from a smart metering gateway and

cdmmunicates in a bidirectional way with the outside world.

Management /

-—>
//ﬁ Data
/— t -'i \_-

_— i Flexibility requests /
.._—.ﬂ.-----------L--J:---r:'—:m ==+  Price incentives /
T Data
Flexibility requests /

P
: i __ﬂ Price incentives /
i —  Metering data /

Voltage quality data /
Technical data

Internal

IEC
Figure 8 — Example COSEI architecture diagrams
In order to design these architectures, actor roles were identified, from which functional

components of the smart home system were derived and the corresponding flows of
exchanged information have been described through a use cases approach. These are shown
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in Figure 8. Indeed, a subset of the use cases that have been submitted to the IEC TC 8
WG 6 (called “Generic Smart Grid requirements”) is the following:

Manage the electric flexibility of a smart home depending on price incentives received

through the smart meter.

Manage the electric flexibility of a smart home depending on flexibility requests

received through the smart meter or a WAN-HAN interface.

Manage exceptions to automatic responses related to price incentives or flexibility

requests.
Customize automatic responses related to price incentives or flexibility requests.

The fy

Table

Process information likely to impact the smart home behavior (mobile peak. j
notifications, weather forecast, consumption estimates, etc.).

nctional components are defined as:

Smart metering (SM) — Combination of the following meter-related functions fro
Smart Metering reference architecture:

beriod

m the

— Metrology functions including conventional meter display (register or index) that are

under legal metrological control. When under metrologi¢al control, these fun
shall meet the essential requirements of the MID (Measuring Instruments Dir
— 2004/22/CE);

— One or more additional functions not covered by the MID. These may also
use of the display.

Internal smart metering gateway (Internal SMG) — Meter communication fun
between the smart meter and the smart home.

External smart metering gateway (External SMG) — Meter communication fun
between the area of grid and the smar{ meter.

Energy management gateway (EMG) — Borderline between the WAN and the HAN.

Device energy management (BEM) — Function adapting the operations of a
electrical device depending‘.on the incoming orders, resident customization
potential exceptions that may be manually done locally.

ctions
ective

make

ctions

ctions

given
and

Customer energy mahagement (CEM) — Function enabling the definition of energy

management strategies of one or several related DEM depending on metering
price incentives, flexibility requests, additional information coming from other chs
such as the Internet, resident customization and potential resident dispensations
function includes a processing ability notably in order to take resident customi
and electrjcal data enhancement into account.

User .interface (Ul) — User interface for the resident or the client. The Ul ¢
connected to the smart home HAN or to the WAN.

data,
nnels
. This
ration

hn be

Npresents the correspondence between some examples of hardware components that

can be found in a smart home environment and their potential integrated functional
components. It is not intended to be exhaustive.
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Table 1 — Correspondence between hardware components in smart homes
and their potential integrated functional components

Functional components

Internal | External

SMG SMG CEM DEM

(Internal | (External | (Energy |(Customer | (Device
smart smart energy | energy |.
metering | metering |gateway)| mgmt) | mgmt)

gateway) | gateway)

SM
(Smart
metering)

Sinart meier

Smart meter radio transmitter
toward the smart home

Interface between the HAN and
the low-voltage grid

WAN-HAN interface

Smart Home controller

Appliances (connected home
devices, that can receive orders;
e.g., air conditioners, heaters,...)

Smart appliances (connected
home devices with embedded
“intelligent” capabilities: clothes
washer, heat pump, refrigerator) Q@

AN
b

Examples of hardware components

. 0|

The apove generic architecture entirely reflects a consensus among the French stakehglders.
In thig architecture, as the system uses data coming from two sources, electric flexibilily can
be mgnaged in a more complete*way, covering more business cases.

Thosg reference architectures are suitable for the following programs:
a) “Linky” smart metering program

In conformancewith the European directive, EDF has launched the Linky program in orfer to
replage by 2020 the current metering system by an advanced metering infrastructure,
potentiallyincluding 35 million meters.

As a fiTststep, a triat comprising the deptoyment of 300000 Meters was done i 20127in the
areas of Lyon and Tours. After one year, the feedback and learnings are successful. The
French government has validated the launch of the first step of the generalization. EDF Group
launched in July 2013 a tender for the provision of 3 million of Linky smart meters that are to
be deployed in 2015 and 2016.

This deployment of the Linky smart metering system will pave the way for the Smart Grids in
France. In addition, the details for DR through smart meter infrastructure, including
architecture diagrams, are presented in Clause B.3.

b) Smart grid trials program

The French Environment and Energy Management Agency, ADEME, has launched an
important Smart Grid program through several calls for tenders for Smart Grid trials projects,
co-founded by the partners of the projects and by the ADEME.
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These trials projects are focused on some or all of the five main Smart Grid targets:

e integration of renewable energy, at the grid level and/or at the end customer location;

e integration of energy storage (thermal, battery, other) at the grid level and/or at the
end customer location;

e demand response (generator/storage/load — tariff & direct control);
e network management and control;

e energy services (information to customers, control of equipment to optimize the
response, etc.).

In addlition, the integration of electrical vehicles was also considered in a new trialproject
launched in 2013.

Thesq targets are closely bound to each other, and the demand response_or“demand side
management may be considered as central and embedded in almost all theprojects.

As an|example, the three following projects can be seen as the most remarkable projects:

e | Smart Electric Lyon, in the area of Lyon, is targeting smart grid compliant equipmlent in
the home that is able to adapt to the demand response-signals sent through the|Linky
smart metering infrastructure, with trials in 25 000 households.

¢ | Nice Grid, in the area of Nice, is targeting grid stability with a high level of integfration
of renewables (photovoltaic systems), energy stotage, on the grid or in the homes, and
demand response at the customer level. Nice_Grid is one of the six demonstrations of
the European GRID4EU project, the LargesScale Demonstration of Advanced Bmart
Grid Solutions with wide Replication and Sgalability Potential for Europe.

e | Millener: in the context of isolated "electric grids, with non-existent or [small
interconnections such as insular systems, the project, dedicated in the residential
sector, aims at better integrating massive penetration of dispersed solar home sygtems
through demand response and-individual battery storage. It also tests energy gaving
solutions (information to customer).

3.2.5 Korea perspective

In order to establish Smart Grid infrastructure, Korea introduced the “Intelligent Powe Grid
Develppment and Djstribution Promotion Act” in 2011. On the basis of this| Act,
standgrdization activities have been implemented mainly by the Korean Agengy for
Technjology and Standards (KATS), and the Korea Smart Grid Association (KSGA), whi¢h are
the ggvernmental ‘and private organizations, respectively.

KATS| has-designed the strategic policy of Smart Grid standardization, and the framewoirk and
roadmap,of'the Smart Grid interoperability, etc. Further, a coordinator appointed by KAT|S has
the rgole.to coordinate various related sectors and to support standard-related R&[D and
business. KSGA is involved in the standardization activities through the Smart Grid
Standardization Forum, consisting of about 500 experts.

The framework and roadmap (see Table 2), the basis of Korean Smart Grid standardization,
specify 9 domains (generation, transmission, distribution, marketing, operation, service
provider, distributed resource, consumer, transportation), as well as selecting 50 developing
items and 27 prioritized items out of 6 application services (AMI, DR, EV, wide area
situational awareness (WASA), distributed energy resource/energy storage DER/ES,
distribution grid management (DGM)). Further, a detailed standardization plan is scheduled to
be added and the framework to be updated, reflecting the outcome of operating the test-bed
and the implementation of the business plan.


https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

IECT

R 62939-1:2014 © IEC 2014 - 37 -

With regard to the smart grid user interface, Korea is conducting various tests, including the
Jeju Smart Grid test bed, intelligent DR, etc., the results of which are taken into account in
designing the framework and application services.

Table 2 — Korean framework domains and relation to SGUI

Top 3 domains 9 domains Application services Relation to SGUI
Generation
Smart T
_ Transmission 1. High level
power grid . 1. Advanced metering infrastructure '
Distribution 2. High level
2. DCIIIdlld TesSpurlisct
Market 3. High level
Smart arke 3. Electric vehicles 9
; 4. Low.Jevel
service Operation 4. Wide area system monitoring and
Vi . . situation awareness
Service provider
5. Distributed energy resource /energy 57 High level
Distributed energy storage
Smart resource
6. Distribution grid management
Customer 9 g 6. Middle level
prosumner
Transportation
NOTE Pilot programs related to SGUI conducted in the Jeju Smart Gfid test-bed include tests to optimize the
power [consumption of residence and commercial buildings, and to run the business model of selling| power
generajed and stored by the consumer to the power company..Additionally, tests cover controlling electrical
appliances by applying the Smart Energy Profile (SEP) transferred by the Energy Service Provider
NOTE 2 An intelligent DR program is operated in trial with\a view to maintaining the reliability of the| power
system|applied with OpenADR 1.0 in the structure of DRAS*demand response automation server)/client.
3.2.6 Japan perspective
In four demonstration tests from 2010:{e72014 (Table 3), utilities employed smart meters to
test the effectiveness of seasonal and“time-specific rates. In addition to TOU and CPP [rates,
which| factor in price elasticity, they-also tested rebates, including PTR (peak time rebates)
and CBP (critical bottom pricing): The Kitakyushu demonstration test features, redl-time
pricing—a system where electricity prices change based on increases or decreases in
demand each day. The test.began in April 2012.
Table’ 3 — Four regional demonstration tests in Japan
Region Overview
Yokohgma City Tokyo Electric Power et al. plan to begin testing demand response in the spring of
2013, with the ultimate goal of expanding targeted households to 4 000 homes. It
plans to use data from the test in its evaluations of dynamic pricing and other
flexible pricing options for its service area.
Toyota City Toyota and Chubu Eleciric Power have been tesiing demand response since
December 2011.
Keihanna District Beginning in the summer of 2012, Kansai Electric Power et al. will be testing

demand response in 900 households.

Kitakyushu City

households and 50 factories and other industrial establishments. The findings
this test will be provided to Kyushu Electric Power.

In April 2012, the City of Kitakyushu, Nippon Steel et al. plan to test a “real time
pricing” system, which changes electricity prices on any given day in response to
supply and demand. This test, the first such attempt in the world, will involve 230

from

3.2.7

India perspective

In August 2013, the Ministry of Power, Government of India, released the “Smart Grid Vision
and Roadmap for India”. The road map covers the 12th, 13th and 14th 5-year plan periods
from 2012 to 2027, and outlines a series of time-framed, target-driven measures, across



https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

- 38 - IEC TR 62939-1:2014 © IEC 2014

different areas for development of the Smart Grid model for India. This document was created
by the participation and collaboration of member organizations of the India Smart Grid Forum
and the India Smart Grid Task Force.

In line with the roadmap, a set of 14 pilot projects have been initiated in India. The functional
areas that will be demonstrated in these projects are listed as follows, with the number
indicating the number of pilot projects in which that function is addressed.

a) Advance metering infrastructure, residential — 9

b) Advance metering infrastructure industrial — 13

c) Peak load management (PLM) — 10

d) Dé

e) O

f) Power quality (PQ) - 4
g) Distributed generation (DG) — 2

mand response (DR) — 10
itage management (OM) — 7

h) Micro grids (MG) — 1
It can|be noted that in most of the pilot projects advanced meterinig infrastructure, peak load
management, and demand response play an important role. TheSe areas also come undgr the
Smarf Grid user interface between the grid side operators and the customer side operators.
Hence, standardization of the Smart Grid user interface is of«particular interest for India.
NOTE | Link to India Smart Grid Vision and Roadmap:
http://indiasmartgrid.org/en/Lists/News/Attachments/154/India Smart’Grid Forum Booklet.pdf
3.3 |Use cases from PC 118 member countries
3.3.1 General
Subclpuse 3.3 presents an introductionto the use cases contributed by member countries.
MemBber countries were asked to provide use cases each country believed relevant {o the
SGUI| More details on these use cases may be found in Annex C.
3.3.2 China use cases
Table 4 — China use case classification and use case summary
Use case Name of use case category Short description

CNO1 Generic Common and basic UC

CNO02 Demand response (DR) DR related UC

CNO3 Energy efficiency (EE) Evaluation of EE related UC

ENO04 Distributed energy resource (DER) DER management related UC

CNO5 Electric vehicle charging (EVC) EV charging related UC

CNO6 Load management(LM) LM related UC
Detailed descriptions for the Chinese use cases (Table 4) are given in Clause C.2.
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3.3.3

Korea use cases

Table 5 — Korea use case category table summary

No. Title

Visualization for interaction through existing users’ screens

Managing devices through/by ESI (energy service interface)

Distributed energy generation and injection

Customers reduce their usage in response to pricing or voluntary load reduction events

Demand response signal generation for controlling home appliances

Energy storage clustering

Customers’ EMS controls EV’s electric charge and discharge

orean use case (Table 5) details are presented in Clause C.3.

Japan use cases

Table 6 — Japan use case category table summary

Numbér

Title

JPO1

Control Battery via home energy management system (HEMS)

JP02

Control distributed energy resources (DER) via home gnergy management system (HEMS)

JPO3

Control energy consumption with smart appliances by building energy management system (BEM

S)

JPO4

Control energy consumption with smart appliances by community energy management system

JPO5

Control energy consumption with smart appliances by energy provider

JPO6

Control energy consumption via home ehergy management system (HEMS) with smart appliancgs

JPO7

Peak shift contribution by battery aggregation (virtual energy storage)

JPO8

Control of smart home appliances based on price information by time slot

JPO9

Control of smart home appliances in response to power saving request from electric power supgli

er

JP10

Control of smart home(appliance before power cut

JP11

Control of smart home appliances in case of natural disaster

Japan

3.3.5

Table
the cd

use case (Table 6) details are presented in Clause C.4.

France use cases

7 shows a synthesis of use cases (relevant to PC 118) provided by French expeft
ntext of the M490 mandate of the European Commission (Standards Mandate for

Grids, Sustainable Process Workgroup):

Table 7 — France use case category table summary

s, in
mart

Title Reference Comment

FRO1

ECS load UC_ECS This use case describes a load control system linking
control together an on/off peak tariff, the metering system
and the electric water heating tank of the customer.

This system is currently an existing load shifting and
energy storage solution (for specific markets /
geographical area). In particular, in France,
addressing several millions of hot water tanks, it
brings a major contribution to the balance of the
French electric system.
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FRO2 Dynamic pricing | UC_TEMPO This use case describes a load control system using
of electricity a dynamic pricing of electricity in order to help the
and energy electric system in the days of very high peak
management demand.

This system currently exists in France: the tariff is
named “Tempo”, and several hundreds of thousands
customers have adopted it and, either manually or
with the help of an energy manager device connected
to the meter, they modulate the use of their electric
heating according to the periods of the tariff.

FRO3 Managing a UC_PC_14 The customer benefits from reduced tariffs in
superseding exchange for handing over control to the supplier
tariff schedule during periods of peak demand. In case the customer

does not transfer command the tariffs are higher.

FRO4 | Handle a tariff UC_PC_16 The customer optimizes costs for energy\usage
event through through granting / revoking permissjon_to operate
managed ) equipment in accordance with the dariff regime or
equipmen tariff events.

FRO5 Handle a tariff UC_PC_17 The customer optimizes costs for energy by
event by local managing the utilization (run, stop, reduced) of
intelligence electrical appliances based on tariff regime and tariff

events.

Details of these use cases are presented in Clause C.5.,

3.3.6 India use cases
Table 8 — India use case category table summary

INO1 Energy efficiency Including 5 sub-cases
INO2 Demand response for peak load/reduction Including 2 sub-cases
INO3 Home energy management Including 6 sub-cases
INO4 Building energy management Including 11 sub-cases
INO5 Local markets to enable consumer-prosumer open access

transactions
INO6 Deliver output reports of demand side equipment in standardized

data formats to users

Details of India-use cases (Table 8) are given in Clause C.6.

3.3.7 U.S. use cases

The following United States use cases (Table 9) are derived from information developed in the
SGIP and elsewhere for high-importance interactions across the SGUI. There are many more
detailed use cases including those from the Energy Information Standards Alliance (EIS
Alliance) that are not summarized here.
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Table 9 — U.S. use case category table summary

US01 | Convey price and product Price and product definition was a cross-cutting priority in the US smart grid
definition project.

US02 | Enable markets Markets at the wholesale level are widely used globally. More local markets
(transactive energy) and interactions to determine price by open market operations have gained

importance since 2000.

US03 | Convey demand response Demand response is one way of demanding the supply; the use of DER is
and distributed energy another. These are functionally the same, differing primarily in what
resource requests and equipment might be used to carry out the requests. The so-called “fast
information DR/DER” is one kind of ancillary service.

US04 | Monitor response to Monitoring may take place via measurement or end node response data.
DR/DER requests

US05 | Convey ancillary services This includes monitoring of response to service requests. Ancillary‘sefvices
requests include regulation, ready reserve, and other functions, many of,which may

be requested (and responded to) via so-called “fast DR” which,ih fact pften
uses DERSs such as storage and generation. This use case focuses on the
service, not the means for carrying out the service.

US06 | Deliver historical, present, Price and market results may flow either direction across the SGUI.
and future demand, usage, | Historical information is an important input to enérgy’efficiency and
and price commissioning analyses. Current information/ffom the end node or vigd the

top node (using meters installed for accumulation) helps manage facilfties
and end nodes using already paid-for equipment. Future demand may|be
projected or contracted. Future price may.likewise be projected or
contracted.

US07 | Monitor and convey power | This affects both the supplier and consumer. Power quality around thg world
quality measures largely the same attfibutes of power, but establishes regionfl,

national, or global criteria fox acceptability. Power quality is important|to
consumers, and consumefbehavior (e.g. power factor) may affect supplier
power quality.

uUS08 | Deliver requests for This is the dual of US04, independent of specific DR/DER events, and|also
monitoring and status overlaps with US06<The focus of this use case is on the delivery rather than
information the information fegquested.

3.4 |Use case analysis

3.41 General

The use case analysis has been done in two parts. First, in Clause 2 above, the higt-level

functipnal requirements;)yquality requirements, architecture and actors have been pres¢nted.

Subclpuse 3.4 presénis an analysis that shows how the use cases fit into the different use

case ¢lasses of 2.3.

Some| exceptional use cases have been called out in 3.5 for potential further consideration

and d|scussjon.

3.4.2 Service and control'interactions

There are generally two ends to the SGUI interaction scale, from top to bottom as shown in
Figure 2 in 2.3. The DR interaction scale in 2.3 progresses from a direct control level at the
bottom to a service-based interaction at the top. In this use case analysis, the lowest layer of
Figure 2 is being called “control”, the second layer of Figure 2 is being called “device class
service request”, and the top two layers together are being called “service request”. The
service request interactions have decoupled service requests and optional responses; the role
of requester and responder may change from interaction to interaction. Services generally
communicate a higher-level request of what is to be done, rather than detailed instructions on
how to accomplish a desired result. The control interaction is most similar to control of
specific devices (such as with building automation), requiring device-level information
(capabilities, control protocol). However, if simply shutting off power to a simple device (i.e.,
DLC), then no knowledge of the device itself is required. Some use cases in the control
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category are DLC shutting off power, and some seem more like energy management control
signals at the device level.

3.4.3 Use case taxonomy

Use cases have been classified based on interaction and information needs. We define a two-
dimensional taxonomy: the first dimension is the use case classes, and the second dimension
is the scale from “control” to “service request”’. The first dimension "use case classes” are
shown in Table 10 and align with 2.4 functional requirements.

Table 10 — SGUI functional use case classes (UCC) and descriptions

ucc Use case class (UCC) Description (also see 2.4 for more details)
no.
1 Market interactions Market transactions and interactions.
2 Convey price information Price information.
3 Convey ancillary services (AS) | AS including faster response change in use (e,g.) phase control;
signals sometimes these functions are implemented;using so-called “fasf DR”
which is a service provided by curtailmept and increase.
4 Convey DR and DER signals Demand response or distributed energysresource events.
5 Convey indications of Notification of impending power failure or grid instability that may result
impending power failure or from natural disasters, weather\or/0ther events.

grid instability

6 Convey directed interaction Use cases suggest directyinteraction with a device through servige or
requests (includes DLC) control-centric means$ tovaddress specific device response or belavior.

7 Convey energy usage data Historical, present,"and projected information. For example, proj¢cted
(meter data) demand, historical’usage, and response to a curtailment event.

8 Convey monitoring information | Monitoring and verification of the state of energy management and use,

e.g., with respect to response to a curtailment, generation, or stqrage
draw\request.

The gecond dimension is the)classification of whether the use case uses a direct dontrol
(devide-centric) approach, or a service request approach. This classification take$ into
account the degree of visibility and management of internal state in the facility system/dgvice.
This dimension runs-from left to right in the columns, and is labelled “interaction style|” The
classgs are:

¢ | Control~potentially extensive information from the internal structure and programming
of thexfacility system/device is available to the grid-side actor; requests may consider
and specify internal information. This approach is used for facility automation system
odtsourcing. Direct load control (where power to a device is shut off) is also inclu1ied.

e Device class service request: Certain communication may be communicated to and
from known and specific subsystems or devices that may be attached to a facility. The
use cases include electric vehicles, storage, appliances, and alternate supply sources
such as wind or photovoltaic panels.

e Service request: only the limited information in the service interface is available to the
grid-side service partner; requests are delivered to the boundary.

3.4.4 Analysis and classification of use cases

Some use cases from 3.3 describe the remote control and management of devices, as in
cloud-based or energy management aggregation or outsourcing services. Those have been
classified as control. For those cases, it may be possible to use a more indirect approach to
accomplish the same use case and thereby receive the benefits of moving up the DR
interaction stack (as explained in 2.3). However, this also may not be possible, as with simple
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devices with no local intelligence to receive and act on service requests. Then direct load
control (2.3.2.2) is appropriate and needed to enable DR.

The 43 use cases in Clause 3 are listed as entries in Figure 9. Some classifications are
uncertain or ambiguous, indicated with a question mark in the listing in the table; for the
summary statistics these were counted as %2 unit. Some use cases fit in more than one cell,

and are counted more than once.

Market transactions

Price

usoz2

KROS,
FRO1, FRO2, FRO4, USO1

US02, INO4, INOS

KRO1, KRO2, KRO3, KRO4,
FRO2, FRO3, FRO4, FROS,
CNO1, CNOZ, CNO4, CNO5, INO2, INO

Uso1,
3,

Ancillary services

o

R/DER event
CNO6

wer failure/
rid instability

G O

Use case class

rected interaction

o

CNO6, INO1?

Infformation passed:
history/present/future

nformation passed: CNO6

onitoring

3

Interaction style Control

The (distribution of use cases in Figure 9 is reduced to the number of use cases in
category for the simplified presentation in Figure 10. It is difficult to classify some use ¢
the above classifications do not address the relative importance assigned by PC

Also,
the vgrious use cases.

KRO6, KRO7, FRO1, USO5

KROS, KROB, KRO7,
FRO3,
FRO4, US03, USD5, USDS, INO2

FRO1, FRO3, FRO4, USO1, USO3,
Us05

Us06, INO4

KRO6, KRO7, US03, USP4,
US05, USO7, USO8, INOL,4Nu3,
INO4, INDS

Device class seryvicerequest

Figure 9 — Summary classification of submitted use cases
with three interaction styles

INO4, INOS
FROS, US05, CNO2, CNO4, CNE5

KROZ2, KRO3, KRO4, 1PO2 P (M
FRO3, FRO4, FRO5, FRQG, US03, US03
USO8, CNO2, CNOLNDS, CNO6, ING

FRO34 RG4, USD1, USO3, USO5, INOT

KRO1, US06, CNO1, IND4, INOG

KRO1,
US03, US04, US05, USD7, USO
CNO1, INO1, INOZ, INO3, INO4, INOS

Service request

i

. IND5

IEC

each
ases.
18 to

Market transactions 4
Price 11 22 33
Ancillaryservices 5 10
DR/DER event 3 16 18 37 >
=
Po.wejr failu_rv_a/ 2 3 E"
Grid instability Y
) &
G 5,5 6 18,5
interaction
Information
H/P/F 2 7
Monitoring 1 12 19 32
Column totals 9,5 55 80 144,5
Control De.\flce class Service request
service request JEC

Figure 10 — Cross-tabulations of use cases by category with three interaction styles
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Based on the cross tabulations in Figure 10, we may observe that for the use cases:

e 26 % are classified as market interaction or price communication,

e 33 % together encompass ancillary services (7 %) and DR/DER (25 %),

e 13 % are classified as directed interaction,

e 27 % address monitoring and energy information of some nature; this total includes
those for “control” and “device class service request” interactions.

3.4.5 Summary of use case analysis

The ecific
SGUI|functional requirements. The simple analysis presented above shows how the different
use cases were classified within the different functional use case classes. The-UC|class
descriptions are presented in more detail in 4.4, along with relevant standards.

3.5 |Special considerations
3.5.1 General

Subclpuse 3.5 reviews several topics that have been identified“as* requiring some special
attentjon. The scope of SGUI may or may not address these areas in detail and thesp and
potentially other areas are open for consideration for future work«

3.5.2 Meter interactions

Autonmpated metering infrastructure (AMI, or smart metering) is a networking technology that
may e used to accomplish some or all of the use\case functions as described in 2.4. |Utility
communications with utility meters over a _utility network connection qualify as [SGUI
communications. Automated meter reading (AMR) requires meter data management profocols
and meter data access. There are several existing national and international standargds for
communications with meters.

The IEC 62056 DLMS/COSEM suite’ [1] supports use cases for contract and billing (and
otherg) as follows (for use case classes (UCC) refer to Table 10):
e | Obtain meter readings~en demand: UCC no.8.
¢ | Obtain scheduledsmeter reading: UCC no.8.

e | Set and maintain contractual parameters in the meter. The contractual parameters
consider thecredit mode or the debit mode (pre-payment) operation of the meter] UCC
no. 2.

o | Execute’supply control: UCC no. 4.

e | Execute load control: UCC no. 4.

To understand the complete set of the DLMS/COSEM suite refer to IEC 62056-1-0 [1] for
further information.

The meter may contain the SGUI and serve as a gateway to a home/facility. However, the
function of the meter as a metrology device and the data management protocols used by the
energy service provider to talk to the meter are separate from the SGUI.

Energy revenue metering services include the following (the purpose of this report is not to
fully dig into these related services, but by acknowledging these services are part of SGUI, to
identify the area of inter-action/interoperation/optimisation between the requirements listed
above, and revenue metering related functions listed below). These services may have to
comply with local/regional regulation related to metrology as well as data privacy and security:

e support data retrieval for billing and other metrological or fiscally relevant purposes
concerning energy usage and, where available, energy generation;
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3.5.3

Com
Read
there
IEC 6
would
desirg
under
stand

Charg

enable remote collection of additional data regarding the operation of the meter and
the network, including power quality, outage information, technical and non-technical
losses;

get configuration data to energy end-users, including contractual parameters, tariff
schedules, pricing and operational information, time synchronization, firmware
updating etc.;

support advanced tariff and payment options;

remote enabling / disabling of supply, including flexible load limitation where and when
system conditions require.

—FEleetrie-vehicles—and-other-storage

unications/interactions with EVs are handled in other IEC (and SAE) cstandards.
rs are referred specifically to the IEC SG3 roadmap section on e-mobility. Sgcond,
is active work in TC 57 addressing mobility: 57/1254A/DC: IEC TR\ 61850}90-8:
1850 object models for electric mobility. We agreed in PC 118 discussions thpt we
consider EV in the context of stationary batteries but not address_mobility. It is njpt the
of PC 118 to compete with other EV standards activity, although the goal|is to
stand the role of EVs as distinct from other storage, and then to consider pofential
brds gaps for SGUI.

e status is covered under UCC no. 8 in 2.4. Direct interaction to charge or discharge is

included in UCC no. 6. Financial communications (tariffs apd-transactions) may be addrgessed

in UC

4 S

4.1

The p
releve
SGUI
and fi

4.2

Subcl
that

C no. 1 and UCC no. 2.

mart grid user interface standards

General

urpose of Clause 4 is to review existing standards (both completed and in development)
nt to SGUI requirements, analyze how these standards can fit together to meegt the
needs, identify use case classes and relevant standards to meet the SGUI requirements,
hally, identify any standards\gaps for development.

Overview of existing standards

huse 4.2 includes ‘existing published standards and standards currently in development
ave some relevance to the SGUI. These include information model standards and

communication protocol standards relevant to communications across the SGUI, relevant to

actor

on the gfid-side (touching the SGUI) or relevant to actors on the facility side (toyching

the SGUI). The purpose of 4.2 is to review work already done or in progress (i.e.| draft
standgrds)-in order to compare and contrast the available standards to the identified |SGUI

requi

whichlare_ summarized in 4 5

ments (Clause 3). The analysis in 4.3 helps to identify standards gaps for the BGUI,

Existing standards have been organized into three tables. These tables correspond to the

three

parts shown in Figure 1. A more detailed version of that figure is in Figure 11.
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Table 11

Grid
domains

Operations

Service
Providers

neration

Customer facilij;y

domain

Transmission

& Distribution Energy
Management

System

Sub-systerns

DER:
generation
and storage

Table 12

Table 13

IEC

Figure 11 — Classification of standards in the following tables based on SGUI (Table 11),
grid-side domains (Table 12) and fagility-side domain (Table 13)

Thesq three tables list standards that are at léast potentially relevant to the SGUI standards
analysis; a brief summary for each standard:is in Annex D. The standards are listed |n the
categpry most appropriate to the predominant subject matter or scope. The three tables follow
the Fjgure 1 pattern with two domains“and the SGUI as the interface between thg two
domalns. The three tables are:

e | Table 11: Standards releyant to SGUI (the interface between the customer facility-side
and grid-side domaing).;"SGUI standards are relevant also to both the grid-sidg and
facility-side.

e | Table 12: Standatd relevant to the grid-side of the SGUI.

e | Table 13: Standards relevant to the customer facility-side of the SGUI.

Table 11 — Standards relevant to the SGUI

Sfandards. category A Standard
(sub-domain) Short description staqls

:EC 62746 DUI;UO. Sybtclllb ;IItUIfabU bUtVVUUII bubtUIIIUI Cliciyy
management system and the power management system. The
IEC 62746 series defines system interfaces, communication Draft IEC
protocols and profiles between power management systems based | standard
on TC 57 standards and Home/Building/Industrial Energy
management systems.

IEC PAS 62746-10-1 ed1.0 Open Automated Demand Response
System interface between | (OpenADR 2.0b Profile Specification). Demand response (DR) and

customer energy distributed energy resources (DER) communications and security,
management and power as well as price distribution for wholesale and retail markets. The
management OpenADR 2.0 public specification includes the following clauses:

1. Feature set profiles

2. Services and data model extensions IEC PAS

3. Transport protocols

4. Transport-specific security, and profile security

5. Conformance statements
In addition, the package also has 2.0b Schema. OpenADR 2.0 is a
profile and extension of OASIS Energy Interop 1.0. OpenADR
2.0 to the extent possible supports the use cases presented in this
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Standards cat.egory Short description Standard

(sub-domain) status
report. Any additional future use cases will be reviewed by PC
118.
IEC/TS 62872: Industrial process measurement, control and
automation — System interface between Industrial Facilities and CD
the Smart Grid, in development in IEC TC 65.
OASIS Energy Interoperation 1.0: Demand response (DR) and OASIS
distributed energy resources (DER) communications as well as standard
price communication and market transactions.
OASIS Energy Market Information Exchange (EMIX): OASIS
Information model for price and product description for the Smart standard
Grid and used by OpenADR.
OASIS WS-Calendar: Information model for energy schedule OASIS
communication for the Smart Grid and used by OpenADR. standand
NAESB Energy Services Provider Interface (ESPI) standard and | U.S.
“Green Button” application. The Green Button defines energy. Nationgl
usage (meter) information. standaid
SEP 2.0 (IEEE P2030.5): Communications of pricing, DR-signals, IEEE
messaging, and energy usage to in-home devices. standaid
AS/NZS 4755 Framework for DR capabilities and ‘'supporting IEC ANW
technologies for electrical products. DR standard for 59-604
appliances, being considered in IEC TC 59.

Table 12 — Standards relevant to the grid-side of the SGUI
Standards category o Standard
(sub-domain) Short description status

AM

standards

IEC 62056: Data exchangé’between the Meter Data Management
system (or Head End System, HES) MDM, and the revenue meter.

. International.standard versions of the DLMS/COSEM
specification’

e  Tariff structures and load control practices vary across countries.
The data models of IEC 62056-6-2 are universal enough to cover
the different tariffing and load control use cases established in
different markets. Market specific configurations are achieved by
market specific companion specifications based on the
IEC 62056-6-2 standards (comp. IEC 62056-1-0).

IEC'61968-9: The standard specifies data exchange between the
ERP system and the MDM or HES for revenue metering.

The mapping between the data models of IEC 62056 (COSEM) and
IEC 61968 (CIM) is being defined in IEC/TS 62056-6-9

IEC 61968 series: Application integration at electric utilities —
System interfaces for distribution management

Part 1: Interface architecture and general recommendations
Part 2: Glossary

Part 3: Interface for network operations

Part 4: Interfaces for records and asset management

Power distribution
management system

Power distribution

Part 8: Interface standard for customer support (work in
progress)

Part 9: Interfaces for meter reading and control

. Part 11: Common information model (CIM) extensions for
distribution

e  Part 13: CIM RDF Model exchange format for distribution

management system

(cont)

IEC 61970 series: Energy management system (note: NOT
building EMS) application program interface (EMS-API)

Part 1: Guidelines and general requirements

Part 301: Common information model (CIM) base

Part 401: Component interface specification (CIS) framework
Part 402: Common services

Part 403: Generic data access

Part 404: High speed data access (HSDA)

Part 405: Generic eventing and subscription (GES)

Part 407: Time series data access (TSDA)

Part 453: CIM based graphics exchange
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Standards cat.egory Short description Standard
(sub-domain) status

e  Part 501: Common Information Model Resource Description
Framework (CIM RDF) schema

IEC 61588: Precision clock synchronization protocol for networked
measurement and control systems

IEC 61850 series: Communication networks and systems for
power utility automation

Part 1: Introduction and overview

Part 3: General requirements

Part 4: System and project management

Part 5: Communication requirements for functions and device

models

e  Part 6: Configuration description language for communication in
electrical substations related to IEDs

. Part 7: Basic communication structure for substation and feeder
equipment

e  Part 8X: Specific Communication Service Mapping (SCSM)

. Part 9Y: Specific communication service mapping (SCSM)

e  Part 10: Conformance testing
IEC 62351 series: Cyber-security standards—

. Part 1: Communication network and system segurity —
Introduction to security issues

. Part 3: Communication network and system\security — Profiles

including TCP/IP

Part 4: Profiles including MMS

Part 5: Security for IEC 60870-5 and'\derivatives

Part 6: Security for IEC 61850

Part 7: Network and system,management (NSM) data object

models

®  Part 8: Role-based access control (work in progress)

IEC 62488-1: Power line communication systems for power utility
applications — Part 1: Planning of analogue and digital power line

IEC 61400-25: Windurbines — Part 25: Communications for
monitoring and control of wind power plants.

IEEE 1547: Standard for Interconnecting Distributed Generation
and Micro-gfid

Distrlbuted generation IEC 61850-7-420: Communication networks and systems for power
and fnicro grid utility"automation — Part 7-420: Basic communication structure —
Distributed energy resources logical nodes

QpenADR 2.0b Profile Specification Demand response (DR) and IEC PAS
distributed energy resources (DER) communications.

IEC 62325 — Framework for energy market communications. Ed.1.0:]S,

IEC 62325 series defines protocols for deregulated energy market Ed.2.0:CD

communications to enable applications or systems access to public

data and exchange information, with semantics based on IEC CIM.
Wholesale-markets OASIS Energy Interoperation 1.0: Demand response (DR) and OASIS

distribotedemnergy Tesources (DER)commumnications as wettas stamdard

price communication and market transactions.

OASIS Energy Market Information Exchange (EMIX): OASIS

Information model for price and product description for the Smart standard

Grid and used by OpenADR.



https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

IEC TR 62939-1:2014 © IEC 2014 - 49 -

Table 13 — Standards relevant to the facility-side of the SGUI

Standards category

(sub-domain)

Short description

Standard
status

ISO/WD 17800 Facility Smart Grid information model: An
information model to represent Smart Grid related energy
information within a facility, and specifically the information that
may need to be communicated to/from electric grid service
providers across the SGUI (working draft; currently under
development in ASHRAE/NEMA SPC 201P).

WD

ISO 16484-5 BACnet (ANSI/ASHRAE 135-2012): A data
communication protocol for building automation and control
networks

Build
comn

ng equipment
hunications

ISO/IEC 14543 series communications architecture: Information
technology -- Home electronic system (HES) architecture.

. ISO/IEC TR 14543-4: Home and building automation in a
mixed-use building
e |ISO/IEC 14543-2-1: Introduction and device modularity

ISO/IEC 14543-3 series communications protocol (based\.on
KNX):
. ISO/IEC 14543-[3-1, 3-2], Communication layers:
Application layer [3-1], network and data link\Mayer [3-2]
. ISO/IEC 14543-3-3, User process for network based
control of HES Class 1
e ISO/IEC 14543-3-4, System management — Management
procedures for network based control of HES Class 1
e |SOJ/IEC 14543-[3-5, 3-6, 3-7] , Media and media
dependent layers for Powef line [3-5], twisted pair [3-6],
Radio frequency [3-7]

ISO/IEC 14543-5X series: Network configuration protocol (based
on IGRS) Information techndlogy — Home electronic system (HES)
architecture -- Part 5-1: Intelligent grouping and resource sharing
for Class 2 and Class 3

e ISO/IEC 14543-[5-1, 5-21, 5-22, 5-3, 5-4, 5-5, 5-6], Core
protocol [5>1], Application profile — AV profile [5-21] and
File profite [5-22], Basic application [5-3], Device
validation [5-4], Device type [5-5], Service type [5-6]

ISO/IEC 14908 series communications protocol (based on
LonTalk): }T -- Control network protocol
. ISO/IEC 14908-[1, 2, 3, 4]: Protocol stack [1], Twisted
pair communication [2], Power line channel specification
[3], IP communication [4]

ISO/IEC 14543-4 series communications protocol (based on
ECHONET):

. ISO/IEC 14543-[4-1, 4-2]: Communication layers:
Application layer [4-1] and Transport, network and data link
layer [4-2] for network enhanced control devices of HES Class 1
IEC 62394: Service diagnostic interface for consumer electronics
products and networks — Implementation for ECHONET

HEC 62480 vultimediarome etwork—=Network-imterfacesfor
network adapter

ISO/IEC 24767 series secure communications: Information
technology -- Home network security

. ISO/IEC 24767-[1, 2:Security requirements [1], Internal
security services: Secure Comm Protocol Middleware
(SCPM) [2]

ISO/IEC 14762: Information technology -- Functional safety
requirements for HBES

ISO/IEC 29145 series, wireless communications using a mesh
network: Information technology —Wireless beacon-enabled energy
efficient mesh network (WIiBEEM) for wireless home network
services.

e ISO/IEC 29145-[1, 2, 3]: PHY layer [1], MAC Layer [2],
NWK Layer [3]

IEC 61158-6 (ModBus): Modbus is a serial communications
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Standards category
(sub-domain)

Short description

Standard
status

protocol commonly used for connecting industrial electronic
devices

CENELEC EN 50491-12 Smart Grid interface and framework for
Customer Energy Management CENELEC TC 205 WG 18.
Specifies the data model to be used above the Application Layer,
describes the general architecture and the main elements of the
premises energy management system.

ISO/IEC 15067-3: Information technology -- Home electronic
system (HES) application model -- Part 3: Model of a DR energy

management system for HES. Smart Grid application standard for
DR _DER and local starage

Homé¢ energy
mandgement and gateway

ISO/IEC 15045 series: Gateway to link home network and external
network including Smart Grid communications. Information
technology -- Home electronic system (HES) gateway

. ISO/IEC 15045-[1, 2] residential gateway model for HES
[1], Modularity and protocol [2]

ISO/IEC 18012 series (to be published), Product interoperability to
provide seamless operation of home system products including
energy management complying with a diversity of communication
protocols. IT-HES, Guidelines for product interoperability

. ISO/IEC 18012-[1, 2] Introduction [1], Taxohomy and
application interoperability model [2]

ISO/IEC 30100 series home network resource’ management.
Information technology — Interconnection ef\information technology
equipment — Home Electronic System_« Home Network Resource
Management

. ISO/IEC 30100-[1, 2, 3]: Reqlirements [1], Architecture
[2], Management applications [3]

Smart Energy Profile 2.0 (SEP2): Customer premises
communications of pricinggdemand response signals, messaging,
and energy usage to infhome devices.

ANSI/CEA-2045: Modular Communication Interface: Details
mechanical, electrical, and logical characteristics of a residential
appliance socket-interface that allows communication devices to
be separatedfrom end devices.

EV sfandards

SAE J2836 (use cases), J2847 (requirements), and J2931
(protocol)to address: Utility programs, DC Charging, Reverse
power flow, Diagnostics, Customer to PEV and HAN, and wireless
power flow.

4.3 |[Standards gap context

4.3.1 General

Subclpuse-4:3 presents the procedure used for determining standards gaps and standards
availible te/fill those gaps. In addition, it presents the classification system.

4.3.2 Standards gap analysis procedure

The standards analysis procedure is as follows:

Start with standards identified in 4.2.

2. Take the use case classes from 3.4 and examine available standards as to whether and
how they meet the use case class requirements. We identify relevant and potentially
relevant standards for each use case class (see 4.4).

3. From this analysis flows a summary of gaps and proposed plan for standards development
(summarized in 4.5 and Clause 5).

To aid in the identification of standards gaps, the layers given in the Smart Grid architecture
model (Figure 12) are used, recognizing that the communications across the SGUI are driven
by business objectives with some specific function (use case). The use cases relevant to
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SGUI are as given in Clause 3. The most important layers to analyse for standards gaps are

the communication layer, the information layer, and the function layer.

Business Objectives ?
Palit. / Regulat.. Framework

Business Layar <43

Function Layer

Intaroperability hiormation Layer
Layers
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NOTE | Reference: SGCG/M490/B_Smart Grid R@rt. Extract from first set of standards (draft),

(extracf) Oct 16 2012. .\@

Figure 12,-\@mart Grid architecture model
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In the|tables that follow, the fe}&&ing identification categories are used:
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e Blank: means not applicable or not relevant.
4.3.3 Use case classification system
The following two tables classify the use cases in this technical report in two ways:

a) By use case class (3.4). This is used in Table 14.
b) By functional system. This is used in Table 15.

Classification by functional system indicates which system(s) in an implementation of today

might contain or be related to actors in the use case.

The numbering convention throughout this technical report is two letters for country code and

two digits for number.
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Table 14 — Use case classes and relevant use cases

Use Use case class name Use case identifier
case
class
1 Market transactions INO4 INO5 US01 US02 US06 JP08
2 Price CNO1 CNO2 CN04 CNO5 KR01 KR02 KR03 KR04 KR05

JPO1 JP02 JPO3 JP0O4 JP0O5 JPO6 JPO8 FRO1 FRO2
FRO3 FR04 FR05 US01 INO2 INO3 INO4 INO5 USO1

3 Ancillary services CNO2 CNO3 CN04 CNO05 KR06 KRO7 JP02 JPO7 KRO3
FRO1 FR05 US05 US08 INO3

% DRIDERTVvent CNOZ CNOZA CNOS CROBKROZKROS KROZKROSKRO6
JPO1 JP02 JPO3 JP0O4 JP0O5 JPO6 JPO9 FRO3 FRO4
FRO5 INO1 INO2 US03 US08

5 Power failure/ grid JP10 JP11
instability
6 Directed interaction CNO06 JP05 JP0O7 FRO1 FRO3 FR04 IN05 US01 US03
7 Historical, present, future CNO1 KRO1 IN0O4 INO6 US06
projection information
passed
8 Monitoring information CNO01 KRO1 KR06 KRO7 JPOA~JP0O2 JPO3 JPO5 JPO8
passed JP09 JP10 JP11 INO1 INO2 INO3 INO4 INO5 US03 US04

US05 US07 US08

Table 15 — Functional systems and relevant use cases

System Use case no.
AMI CNO06 KR04 INO1 INO5 US01 US04 US06 US07 USO8
Distribution management system CNO1 CNG2 CN04 CNO5 CNO06 IN06 KR02 US01 US05 US07
usos
EMS (customer) CNO1"CNO02 CN06 KR01 KR02 KR04 KR05 JP01 JP02 JPO3

JP04 JP0OS5 JPO6 JPO8 JP09 JP10 JP11 FRO1 FR02 FRO3
FRO04 FROS5 INO1 INO2 INO3 INO4 INO5 INO6 US01 US02 US03
US04 US05 US06 US07 US08

DER management system CNO04 IN0O6 KR03 KR06 JP01 JP02 JP0O7 US03 US04

EV management system CNO05 IN0O6 KRO7

DR system CNO02 CN06 KR04 KR05 JP05 JP09 FR0O1 FR02 FR03 FR04
FRO5 INO2 INO6 US01 US02 US03 US04 US05

Transaction system KR04 JP08 FR03 FR04 FRO5 INO5 IN0O6 UNO1 UNO2 USO1
US02 Uso6

4.4 Usé case classes and relevant standards

4.41 General
Clause 4.4 presents details of the use case classes (UCC) as given in Table 14 above. Each

UCC has a title, description, sources, discussion, and conclusion. Following the conclusions
is a table listing relevant standards that apply to use case requirements for each UCC.

4.4.2 UCC 1—Interact with markets

Class 1: Use case class title: Interact with markets

Use case class description:

This requirement implies the communication of market prices and the ability to respond to
price information. Market transactions between the grid and the user are used to buy or
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sell electricity under terms that can be negotiated using the interface. Market transactions
require a client that knows its forecast demand or generation in order to bid into a market.

Pr

ice-takers or price-accepting interactions are described in Class 2.

Use case class 1 sources:

IN

04 US01 US02 US06 JPO08.

Discussion:

Relevant standards for use case class 1 are presented in Table 168. Details of market
design are out of scope. IEC 62325 focuses on information models and structures for

wi
Conc

N¢
an
pr
pr
co

1 Il 1 - - ) | el (N L1 . Q4 -
oresalie MTarkets nr e COU ana te- Onied oStates.
L/sions:

available international standards support CIF. Some national standards. suppo
d may be used as reference for future international standards draftWhile IEC
bvides an information model for market communications, with applications via diff
btocols in different wholesale energy markets, OpenADR 2.0 -provides for
mmunications to the retail customer. The OpenADR information model extend

S

ple model in IEC 62325 in order to meet the specific DR”“needs for communic

with customers. Energy Interoperation supports full transaCtive energy—that is, n
operations. While IEC 62325 addresses the function of the/market, Energy Interope
ly addresses the information that is communicated in order to support nparket

o]
trg
In
S
fra

nsactions: tenders, quotes and transactions with “specified delivery terms. H

nart Grid use cases. The information model extends IEC 62325, incorporating cor
m existing financial market protocols to meefithe needs of facility domain systems,

t CIF
52325
ferent
price
s the
ations
harket
ration

nergy

eroperation is specifically designed to meet the,*needs of customer interactiops for

cepts

8 More details for the standards listed in Table 16 and following tables can be found in Annex D.
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UCC 2—Convey price information

Class 2: Use case class title: Convey price information

Use case class description:

This requirement includes conveying fixed, scheduled, or real-time varying prices for
electricity provided by the grid and consumed by the user, or vice versa. Prices cover
other electricity market products and price information, and shall include product
description. In some cases prices may be determined through a negotiation process that
needs to be part of the interface (e.g. selection of a price rather than negotiation).

Use cpse class 2 sources:
CNO1 CNO2 CN04 CN05 KR01 KR02 KR03 KR04 KR05 JP01 JP02 JP03 JPQ4] JP0O5
JH08 FR0O1 FR02 FR03 FR04 FR05 US01 INO2 INO3 IN0O4 USO01

Discugsion:
Re¢levant standards for use case class 2 are presented in Table-17. Conveying
information is a key function for the SGUI.

Conclusions:
Infernational standards address CIF in various incomplete ways, but only involving

in

ormation in descriptions of other applications. IEC62746 is specifically designed

JPOG6

price

price
as an

extension of CIM for meeting DR requirements, altbough the information model is ot as
righ as expressed in OpenADRSY. In addition, QpenADR is an established protocol f

and price communication, while IEC 62746 is.under development. OpenADR 2.0, H
Inferoperation and SEP 2.0 all support CIF-OpenADR is a profile of Energy Interope

s
re
re
m
in

itable for meeting all the DR needs of{commercial and industrial customers. SE

sidential systems and devices. Both of these standards have information model
p well (extend) the CIM. These-three standards may be used as the basis for f
ernational standards.

br DR

nergy
ration

P is a

sidential-focused DR standard designed to meet the needs of utilities interacting with

5 that
urther

9 SGIP PAP19 Wholesale Demand Response work products, available at http://collaborate.nist.gov/twiki-
sggrid/bin/view/SmartGrid/PAP19WholesaleDR, and specifically the CIM-to-OpenADR mapping.
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UCC 3—Ancillary services

Class 3: Use case class title: Ancillary services

Use case class description:

2014

Convey ancillary services, operator signals, and responses. This includes things such as
fast load response or voltage regulation. It may also involve providing standby generation
capacity that can be made available to grid operators upon request. The latencies and
features of generation capabilities need to be characterized so grid operators can
determine if it is appropriate to dispatch it. Also potentially convey customer storage and

9
gr
ex

Use ¢
CH
Discu

Reé
re
de
oV

Conc

N¢

d resources, as this information is comparable to standard ancillary services inforn
changes.

pse class 3 sources:

N02 CN03 CN04 CN05 KR06 KR0O7 JP02 JP0O7 KR0O3 FRO1 FR05 US05-US08 INO3
5sion:

levant standards for use case class 3 are presented insTable 18. Ancillary se
huirements overlap in part with requirements for monjtoring (use case class 8)
mand response may include open or closed loop™Tregulation, with similaf
erlapping reporting/monitoring requirements. See use\.case class 4.

|isions:

available international standards support-GIF. Some international standards ad

nt of
hation

rvices
Fast
and

dress

infegration of DER regulation (IEC 61400-25-1, IEC TR 61850-90-7, IEEE 1547.3) and the

m

pdel and communications for virtual *power plants (IEC TR 61850-90-15).

standards represent the extension of existing grid standards for the integration of pri

la

ge DER. For storage that may provide ancillary services, international standards

on
st

tus and forecast for user sidé.

Sgme national standards .have detailed provisions for CIF related to ancillary s
cogmmunication. OpenADR jis used now for AS (“fast-DR”), including regulation, rg
anld synchronized reserve. OpenADR is a profile of Energy Interoperation. SEP }
sufpports some AS:irequests. These standards should be considered for

st

ndardization.

These

marily
touch

Cl only with respect to DER and-energy storage, but lack information models for gnergy

Brvice
serve
also
IEC
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4.4.5 UCC 4—DR & DER requests and supporting services

Class 4: Use case class title: Demand response and distributed energy resources
requests, and supporting services

Use case class description:

This involves asking the user to shape electricity demand on a temporary basis and may
be done through price changes or by invoking a previously agreed upon response to a DR
event signal. Here we refer to an abstract interface where the energy provider does not
control the load and relies upon the user to respond in an appropriate way (per contract)
to i i i . ; ; —ch load
control is in class 6. Supporting services include opt-in and opt-out and particip
regource registration/enrollment. Status of response is in Class 8 monitoring_“"Note that
fagt demand response strongly resembles and can address ancillary sefvices
refluirements (class 3).

Use chse class 4 sources:

CIN02 CNO4 CNO5 CN06 KR02 KR03 KR04 KR05 KR06 JP01 JPO2 JP03 JP04 JPO6(JPO8
JHO09 FRO3 FR04 FR0O5 INO1 IN02 US03 US05 USO08.

Discupsion:

Re¢levant standards for use case class 4 are presented in Table 19. Price “events” nmay be
d to facilitate DR, so there are overlaps with class 2 convey price information. [Some
standards address both specific DR/DER events and’price communication.

Conclusions:

available international standards support CIF. National standards are available for
conveying DR and DER requests in CIRk.

IEC 61850-7-420 and IEC TR 61850-90-7, IEEE 1547.3 and IEC 61400-25-1 each provide
information models and some_coemmunication specifications for DER communicdtions.
THese are designed for direct~control of these DER resources by grid-side sgrvice
prpviders such as utilities;.and generation aggregators. ISO/IEC 15067-1 and ISD/IEC
15067-2 describe a residéential DR gateway model. ISO/IEC 15067-3 introduces an gnergy
management model for the same. ISO/IEC 18012-1 and ISO/IEC 18012-2 provige an
inferoperability modél~of DR application/communication protocols. These do not pfovide
thé needed DR protocols for retail customer interactions. IEC 62746 is under development
fof DR communications. OpenADR 2.0, Energy Interoperation and SEP 2.0 all suppoyt CIF.
OpenADR is~a profile of Energy Interoperation suitable for meeting all the DR negds of
commerciakand industrial customers. SEP is a residential-focused DR standard degigned
to[ meet.the needs of utilities interacting with residential systems and devices. Bpth of
thése (standards have information models that map well (extend) the CIM. These|three
standards may be used as the basis for further international standards.
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UCC 5—Impending power failure or instability

Class 5: Use case class title: Impending power failure or instability

Use case class description:

Relevant standards for use case class 5 are presented in Table 20. Convey indications of
impending power failure or instability. Use case class 5 communicates impending power
failure or instability which may be due to foreseen disruptions including those resulting
from natural disaster or weather events for which notification is possible.

Use cpse-efass5-sources:
JH10 JP11

Discupsion:
THere are no standards for specifically communicating power failureyor grid instgbility.
Stpndards exist which define power quality and outage information,|and a DR stajndard

could potentially be used to transmit a “power quality” event. A-DR standard coul
add a “power failure” event.

In
of

addition, there are currently existing standards for alertihngs emergency fire and
icials of impending weather and natural disasters. Emergency event and res

information are delivered through widely used standards such as the OASIS Co

Al

THese standards might be used to convey relevant information to the grid and use

an

additional benefit that by using these standards electrical events that may cause
isgues can be communicated to safety authorities.

Conc

jisions:

EXisting alerting protocols may be_suitable but are not specific to energy; energy-r

re

bctions may be better considered under use case class 4 (demand response).

standards can convey signals that may be interpreted as a trigger for emergency acti

also

safety
bonse
mmon

brting Protocol (CAP) [16] and OASIS Emergency Data Exchange Language (EDXLU) [17].

I side

d effectively address use case class 5 requirements. Use of these standards has the

safety

elated
Some
on.
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UCC 6—Directed interaction and direct load control

Class 6: Use case class title: Directed interaction and direct load control

Use case class description:

With pre-agreement of the customer with financial compensation, the provider of energy is
allowed direct management of specific devices and their load on the electrical grid.
Techniques may include interruptible load management, power consumption management,

an

Use

d load shifting.

Cl

NOTE
aggreg

Discu

R4
fu

Di
cu

or
di

ggneric information model for facility Smart Grid)interactions is being developed

AS
in
co
11

Conc

TH
h4
re

pr

N06 JPOS JPO7 FRO1 FRO3 FR04 US0O1 US03

bhte can cross the SGUI, but there is no indication of direct management across the SGUH,

Ksion:

ther discussion of description, definition, and details of directly. managed loads.

stomer classes and end equipment). However, specific'khowledge of a customer
device requires description, definition, and significant details about the clas

bHRAE/NEMA 201P Facility Smart Grid Information Model standard effort. This sta

commend drafting interpational standards based upon existing national standard
pvide CIF.

ve provision for DLC, andt-many standards address the communications layef.

Use case INO1 was not included: Energy efficiency monitoring information includihg -summafy and

levant standards for use case class 6 are presented in Table,21. Please refer to 2.3 for

rect load control signals may be directed to specific €nd” points (tailored to specific

class
5 and

ectly managed loads, which in turn limits scalability and management effectivengss. A

n the
ndard

turn allows for development of detailed device profiles that might be useful in direqt load

ntrol applications. Definition of customer @nd device classes is likely out of scope for PC
8.

L/sions:

e listed standards and specifications partially support CIF. Some national standards

We
5 that
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4.4.8 UCC 7—Historical, present and future projection information

Class 7: Use case class title: Historical, present, future projection information passed

Use case class description:

Convey historical or real-time energy usage (such as meter measurements). This involves
providing a way for a user to supply aggregated, whole building, systems, or sub-system
energy usage information to the energy provider, which can be used to meet DR program
participation requirements and assist in measurement and verification of the participating
user. The same software mechanisms can convey forward power usage and demand

prpvider that can be used to manage grid resources, and be useful for evaluating and
measuring energy efficiency and for facility commissioning and green building/LEED
continuous commissioning. The energy provider may also provide validated energy tisage
ddta to the user. Demand is more specific and is included in use case class 8 monitofing.

Use case class 7 sources:
CNO01 KRO1 IN0O4 US06
Discuksion:

Relevant standards for use case class 7 are presented in Table 22. Aspects of histprical,
present, and projected information overlap with otherlareas; we have factored olit the
information aspects for simplicity of analysis.

Prpjected availability may be used by DR, DER<ancillary services, and more. Projected
prlces may be used for market interaction and price responsiveness, applying
understanding of the semantics of price. Historical and present information may come from
many sources, including third party or distribution/transmission utility-owned metefrs, or
frgm aggregated historical information.

THe United States Green Button standard (NAESB REQ.21) is relevant for meter rgading
information.

Conclusions:

THere are no international standards that directly address this class of use gases.
Metering information ‘models do not address the content, rather the form, and do not
in¢lude projection.cRartially relevant standards address subsets of needed information.
Sgme available national standards support CIF and support historical, present, and future
prpjections. These national standards should be adopted and used as a basis for further
infernational_standards.
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4.4.9

UCC 8—Monitoring and energy efficiency analysis

Class 8: Use case class title: Enable monitoring and energy efficiency analysis

Use case class description:

Convey monitoring information. Monitoring is key to DR and DER management and
verification, as well as energy efficiency information with respect to the Smart Grid user.
Information that may be monitored includes customer storage and generation availability,
status, present and forecasted demand and capacity, and other forecast information to

fo

p

C
m

Use chse class 8 sources:

C

INP4 US03 US04 US05 US07 USO8
Discupsion:

Ré¢levant standards for use case class 8 are presénted in Table 23. Monitoring sug

gr
a

gegneral and largely aggregated facility information. Detailed sensor nets and moni

st
fo

Conc

THere are no available international standards which support CIF. With respect to
gdneral monitoring, OASIS:Energy Interoperation defines an extensible and self-dg
frgmework to address relévant monitoring and information exchanges for ancillary se
DR, DER, and much epergy efficiency monitoring.

Degtailed monitoring such as that provided by sensor networks is not in scope for the
such information(may be and is used by the actors on both sides of the SGUI.

monitoring and verification; the details of how those measurements are made\af
supject of many widely deployed standards. Monitoring of meters (for outage, résumption

wer quality and turn-on/turn-off information) is out of scope.

mpared to use case class 7, historical, present, future projectioh Inform
nitoring suggests more extensive and specific data collection and interaction.

01 KR0O1 KR06 KRO7 JP0O1 JP02 JP0O3 JP0O5 JP0O8 JP09.JP10 JP11 INO1 INO2

bat breadth and fine detail. For the SGUI, manitoring is relevant to both the progr
DR event—how much is present demand, possibly with respect to a baseline—g

uctures are not in scope for PC 118. Fer'example, only part of what might be mon
a detailed energy efficiency analysis\is‘relevant to the SGUI.

l/sions:

ation,

INO3

gests
pss of
nd to

toring

itored

more
fining
rvices,

SGUI;
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4.5 Smart Grid user interface standards gap analysis conclusions

The SGUI is cross-domain, connecting the traditional grid domain to the facility domain with
its many established protocols and separate information models. The SGUI is a bridge for
moving information common to both sides, mapping one information model to another, to
satisfy the relatively new use cases of many Smart Grid applications. There are many TCs
and standards organizations involved in standards pertinent to the end points and the actors
that communicate across the SGUI. Of those the greatest number is on the facility-side;
several including IEC TC 57 address the grid side. Coordination is thus necessary with TC 57
and other identified TCs and organizations as described in this technical report.

Exam[ning the USe case standards analyses I 4.4, one 1inds that some Use| case
requinements are not well served by international standards, while some existing, ngtional
standgrds serve many use case class requirements. There are multiple criteria for-determining
which| standards should be advanced in IEC: meeting SGUI use case ,requirements;
adherence (or distance) to the existing IEC framework (alignment with IEC 61850 and |CIM);
addrepsing the pressing needs of the Smart Grid; established standards-(in use widely);
meeting quality requirements (2.7); and perhaps others.

IEC cpurrently has a suite of standards in TC 57 that apply well t@ the traditional powdgr grid
domayjn. This is true of CIM (IEC 61970, IEC 61968 and IEC 62325) and IEC 61850. Thgq work
of T( 57 on IEC 62746 is a valuable effort to address demand response, but it might be
strengthened by adopting some work already done and in. use in OpenADR. The ISD/IEC
150671-3, ISO/IEC 18012 and ISO/IEC 15045 standards (provide abstract models fqr DR
interaftions along with a gateway architecture, but do nefprovide the needed protocols for DR
and other SGUI requirements. A number of standards/in the IEC 61850 family are sgen to
defing information models and communications for DER communications along with [some
other |available standards. However, these use a\direct control approach to interactiong with
the d¢vices. ECHONET (suite of IEC standards) is an existing standards set that meefs the
needq for direct load control in some residential applications.

OpenfADR 2.0, OASIS Energy Interoperation, and SEP 2.0 (now also IEEE P2030.%) are
candiflate standards that should be~considered for IEC standardization to address eXisting
and fliture needs. These standards” are broadly applicable to most of the SGUI use| case
classgs (4.4). They provide an.approach to customer interaction that places more control in
the hpnd of the customer,(thus enabling greater demand response while enablind new
technplogies for Smart Grid in the customer domain. OpenADR is a profile on Energy
Interoperation and in usé:today, with support of a vendor community. The SEP 2.0 information
mode| profiles and extends the CIM with a goal to enable utilities to interact more easily with
residgntial devices,in“the customer domain. OASIS Energy Interoperation bridges from the
CIM and IEC 61850 to the multitude of standards, specifications, and software in the customer
domajn. This ridging creates a joint information model [18] that enables mutually bengficial
managementof energy.

In reqgard“to cybersecurity, this report addresses a rational approach for SGUI standafds in
2.7.2. Security is typically composed with an interoperation specification for a specific
deployment; a single security profile does not address all possible implementations. In
addition, security requirements and functionality generally evolve more quickly than interface
specifications. Different parties involved in interactions require different choices for security,
privacy, and reliability. At the same time, we note that IEC 62351 provides a set of security
guidelines for IEC power system communications. They are specific to those protocols,
although the principles apply more broadly to other electronic communications. Nonetheless,
they are limited in scope. We recommend reference to IEC 62351 as appropriate. We also
recommend reference to the work of NIST/SGIP (e.g., NISTIR 7628 [12]) for relevant Smart
Grid security measures.
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5 Recommendations for IEC SGUI standards development

5.1 General

The SGUI TR embodies two years’ hard work of PC 118 members, bringing together the
perspectives, applications, functional requirements, quality requirements, architectures and
other aspects of SGUI. Working Groups 1 and 2 have reached consensus on the nature of the
SGUI, and many use cases for its application. That understanding serves as a foundation for
future IEC standards development.

We have shown in this TR a clear need for normative SGUI standards, with recommended
actions—presentedbefow. We atso propose to draft—a technicat—specification toctarify the
architectural understandings we reached during the TR work, which understandings \pfovide
the guiding principles for standards development and use.

As th¢ SGUI bridges between diverse applications and standards on both the grid and user
sides| it should also address the continuing evolution of all of these standardg and
applidations. It is critically important for SGUI standards to bridge betwégn key standands on
the grid side including IEC 61850 and CIM, and key standards on the.user side.

It is the intent of PC 118 to work cooperatively with other IEC TCs, and IEC SG3. Following
are spme specific recommendations that have followed base€d ,on the analysis presented in
Clausgs 2 to 4 above. The use case analysis for market interactions (4.4.2), price information
(4.4.3), ancillary services (4.4.4), DR and DER (4.4.5),,.and DM and DLC (4.4.6) all share a
common recommendation to develop international standards based on available ngtional
standards. These standards are OpenADR 2.0, GASIS Energy Interoperation and Bmart
Energy Profile 2. Furthermore, these standards:address all three layers of the anjalysis
(communication, information, and functional)\*These standards are therefore bfoadly
applidable to the needs of the SGUI and worthy<of consideration as IEC standards.

As pyblished national standards they.provide a mature starting point as the basis fgr IEC
standards.

5.2 |OpenADR 2.0

PC 118 has approved the cireulation of OpenADR 2.0b as an IEC PAS. This was completed
and the PAS was confirmed by member country vote. The intent is that during the perjod of
the PAS the CIM will(be* extended to meet DR needs, that the OpenADR standard will be
advarijced by PC 118 )with an adapter, and that finally there will also be a CIM-basgd DR
standard to meet.utility requirements.

The Work to-eomplete, as agreed on by PC 118 in conjunction with TC 57, and the
organjzation“of that work are as follows. There are three tasks:

a) ClIM extensions(task T1) — these extensions—to the existing CIM model willinclude
\ 7 b4

elements currently only in the OpenADR model.

b) Adapter (task T2) — in parallel with task T1, to map the existing OpenADR data model
to the CIM extensions for DR.

c) “OpenADR CIM-based” (task T3) — a separate IEC DR standard that is based more
strictly on the CIM-extensions that are to be more aligned with utility back-end CIM-
based systems.

Task 1 (CIM extension) is a joint effort between PC 118 and TC 57. The details of cooperation
on that work are in ongoing discussion. A joint task force with TC 57 WG 21 has been
established to determine the work plan and schedule for moving the OpenADR tasks forward.

Task 2 (OpenADR adapter) is led by the OpenADR Alliance, working with PC 118 and TC 57
experts.
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Task 3 (Full CIM-based OpenADR standard) will follow development of the CIM-extension and
adapter. A work plan is in progress.

5.3 OASIS Energy Interoperation

IEC PC 118 has agreed to register the Energy Interoperation document provided by OASIS as
a committee draft for developing as an IEC standard under the scope of Working Group 1.

5.4 Smart Energy SEP 2.0

o
Q
o)
—
=0
@
-
=

IEC PC 118 has proposed that IEEE work ith IEC PC 118 to jointly develop a dual
E, 2 Q

| toandard baocoad ~n ICCE ON2N
OgO arrdara oaoT OO = Z00U

10 More information on SEP2.0 is provided in D.1.24.
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Annex A
(informative)

IEC establishment and history of PC 118

Since the first meeting of PC 118 held in Tianjin, 2012, the role and mission of PC 118 have
been refined and reminded as the working strategy of the committee. PC 118 is a temporary
Project Committee (PC), managing two cross cutting projects under two approved NWIPs that
originally motivated the creation of PC 118. Choosing the Project Committee as the vehicle to
handls AO S—re e—\ve ature—of P 8- s o—tw Ps

propoged, many TCs claimed to be covering these areas (TC 57, TC 13, TC 8, TC 69,)1|C 59,
TC 100, TC 72, etc.). But the SMB could not establish a consensus of the NC in assigning the
work fo one existing group, or to create a TC (the initial SG3 proposal was not approvgd), or
to setjup a JWG of TC 57-TC 13-TC 8. This is where the idea to set up PC 118 emerged

SMB [and SG3 were discussing options for 18 months, and this was)discussed at|three
consegcutive SMB meetings. The instruction and decision process can betfaced as follows:

e | Decisions on 3 CN NPs (remand to SG3) resulting from the SMB meeting hgeld in
Geneva, 2011-02-16 (February 2011).

o | 4496e SG3 report to SMB after the meeting hHeld on 2011-02-22 in Gdgneva,
Switzerland (SMB/4496/R, dated 29 April, 2011).

e | Comments received on the report of SMB SG3; _Smart Grid, after the meeting he¢ld on
2011-02-22 (SMB/4496A/R, dated 31 May, 2011).

e | SMB SG3 CN comments added to SMB/4496/R (SMB/4496/R, dated 3 June 2011).

e | 4541e Vote to form PC 118: Submission of two Chinese NC NPs for smart grid user
interface — Project Committee (SMB/4541/NCP, dated 24 June 2011).

¢ | SG3 explanation on the SMB decision to create PC 118 (internal SG3 email, sybject:
SMB decision on the Project Committees, dated 15 Sept, 2011)

PC 118 is a project (actually a.pair of related projects), and not a group per se. This wa$ very
innovative as PCs exist within" ISO, but there were none at IEC. PC 118 is supposed to ¢ffer a
cross| cutting collaborative platform for experts belonging to relevant TCs (and |other
collaborating organizations) to develop the two cross cutting projects. The Project Compmittee
will exist until significant)deliverables are published for each NWIP/WG. Acceptable sign|ficant
delivgrables can _be ) International Standards or Technical Specifications requiring 2/3
consensus. Technical Reports are mainly for information, and PAS will be considergd as
intermediate stéps.

NOTE | It is(nated that TS can be a faster solution to meet the urgent need of the industry, as it only requifes one
voting ptage, for 3 months, compared to the IS which requires two voting stages, 3 months for CDV and 2 months
for FDIB.

At the first meeting of PC 118, a consensus reference drawing/chart (Figure A.1) was
designed in order to explain and display a clear and crisp mission breakout for PC 118. This
reference chart shows the respective positions of key groups: TC 57/WG 21 (abstract
interface from the grid side), PC 118/WG 1 (interface from the customer side — residential and
building), PC 118/WG 2 (demand response cross cutting the electric system), TC 65 (industry),
etc.

This reference chart is shown at each WG or plenary PC 118 meeting.
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gure A.1 — Consensus reference Q&}vmg for PC 118 work relative to other TG

8 has as its goal to addresﬁ1 standards that serve to connect consumers
Grid. Three separate ecos s have been developing solutions independently ¢
er: home automation, te@immumcatlon and entertainment. But now with the
stream of energy, ea@ f the three has begun to develop standards. Besides
Iy players are also considering to address some of the existing three areas. And th
¢ vehicles com y, which needs those converged solutions, is also starti
bp their own. industry needs and expects as soon as possible the emerger
converged § ion, compatible with the IEC suite of standards.

ding to &ecision made by SMB, for the sake of speed and optimization of the

IEC

S

o the
bf one
fourth
this,
n the
ng to
ce of

hlobal

ise r rces, it is far preferable to attempt to leverage preexisting or ongoing efforts,

tl% arting from scratch to develop a new standard:

SMB Decision 137/10 — SG 3 Smart Grid, document SMB/4175/R (2010-02-10)

SG3 DECISION 2: Fast-track new standards to close the gaps

Before starting any work on new standards for Smart Grid (NWIPs), TCs are required to
perform a survey of what exists or is under development in other SDO’s and then make
decisions to adopt / harmonize or develop that standard. The “candidate standard” from the
other SDO can come from anywhere, providing that enough consensus has been embedded in
it to increase the chances that it will pass the NC vote.

Additionally, the individual TCs shall inventory the other SDO standards in their area of
expertise to further identify major Smart Grid related standards, and report it in their Strategic
Business Plan within 60 days and thereafter on a yearly basis. Moreover TC/SCs should
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consider decisions to adopt / harmonize that standard, and make the maximum use of the

Publicly Available Specification (PAS) process.

SG3 Decision 2 Responsibility: All relevant TCs/SCs in charge of standards identified in the

IEC Smart Grid Framework (current version on-line).

Outside IEC there are already many existing industrial solutions for these topics developed by
different parties. As a strategy to meet the urgent needs of the industry, it is ideal to position
the industry requirements and the existing near-standards products, and dig into the existing
work to see whether it meets the industry expectations, and if so, to use an existing product
as foundation for international standards instead of developing from scratch, and make them

fit intd

call tq
meeti

the TEC standards Tamity.

So th
regarcl;9

idea was to look at all the existing solutions, and attempt to characterize
ing different essential aspects, according to Table A.1. This is why IEC issued an

the industrial players having developed some solutions for participation to the T
ng and presentation. This is the “bottom-up” approach.

able A.1 — Chart used for capturing existing solutions during PC 118 meetings

Master inventory of user inteffaces solutions

FPC 201
ISO TC205

Dasis
Energy Interop
Open ADR

ECHONET

ASNZS4T53

Q/GDWZ620

Zighee
SEP

ISO/IEC
2907/2908

1SO/IEC
15067-3

Uses Cases

Requirements

Architecture

Data models

Objects

Protocols

TIANJIN FEB 2012

those
open
ianjin

Concurrently, an analysis is completed by a “top-down” approach for the two Working Groups
in order to identify the needs and the expectations from the industry to be covered, as
represented in Figure A.2.
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Afternoon WG1 and WG2 meetings

WG1 WG2
Indusiry expectations amnd Industry expectations and
derived requirements derfved requirsments
Possible Standards Possible Standards
selutions solutfons
Werkplan te deliver [EC Werkplan to deliver IEC
Standards Standards

| Plenary summary

TIANJIN FEB 2012

4

IEC

Figure A.2 — Top-down approach to identify industry expectations

And HC 118 issued an open call to any organization to propese what they have developed for
considleration as a starting point for some IEC international standard development. Buf very
few propositions have been received, and of course\IEC can work only from proposals
receifed from organizations granting a free licence” to develop derivative deliverables.

Propgsitions that have been received officially are: OpenADR (OpenADR Alliance),
Energy Profile (Zigbee Alliance, then IEEE), and"Energy Interoperation (OASIS).

Smart

Each |Working Group has been asked tqo\propose an action plan answering the follpwing
checktlist (see Figure A.3) discussed at the Rosslyn meeting (March 2013).

to CIM/61850 ?

I Questiéns for each of the two
mmd NWIR« Task Team »/WG

® Are some existing « industrial technical
Specification » already adressing the needs ?

® What is missing, or should be modified to
address the identified needs ?

® What is missing or should be modified to align

B What is the proposed work plan to move from

the i[dentified « industrial technical

specification » : who does what , when ? PAS?

MoUs? Timeline ? Options ?

ROSSLYN MAR 2013

Figure A.3 — Questions to be addressed by PC 118 working groups leading to work plan

During the Bangalore WG 1 and WG 2 meetings, the following action plans have been

formulated, reviewed and advanced.

PC 118 started by developing this SGUI TR to characterize the market needs (this work
lasting about two years), by showing the standardization need from the user and market
perspectives. In the demand response area, PC 118 has made an open call to the industry for
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submission of close-to-standard solutions and published the OpenADR PAS as a signal to the
industry. Energy Interoperation has been taken into WG1 as a work item.

The next step is to develop the IEC value added deliverables from these industry solutions.

The third step for PC 118 is to publish the TS which has been already launched in WG 1, and
recommended to be processed in coordination for consistency with the development of
industry proposals such as SEP 2.0, El, etc.

The sum total of the PC 118 work plan, aimed at accelerating SGUI standards convergence,
is presented in Figure A.4, as presented and discussed in the Bangalore PC 118 meeting.

Accelerating Standards Convergence

Industry
Expectations ‘

@ Technical Report

ﬁ IEC IS/TS IBC ISITS

Existing

specification
« offered » for IEC| OpenABR | SEP2? EI? KNX ? Echonet ?.....
added value

WG 2 WG

|

BANGALORE MAR 2014
IEC

Figure A.4 — Conceptual work plan for PC 118
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Annex B
(informative)

SGUI perspective — More details

B.1 General

Annex B lists more detailed contributions from member countries (and the EU).

B.2 | European standardization for Smart Grid realization in buildings

European framework: The standardization is pushed by two mandates of the " EU for Smart
Meterjng M441 and for Smart Grid M490. The standardization in the field-of the so falled
‘home and building electronic system” (HBES) is handled by Cenelec (CLE)Y TC 205. Fpr the
Smarf Grid related items CLC established a special working group — CLCITC 205 WG 18. IEC
TC 571 WG 21 defines the protocol delivered to buildings.

For the handling of Smart Grid and smart metering in Europe'\thie reference architectlire in
Figure B.1 was defined.

MID requirements
Simple
Metrology | | Display external consumer Home automation functions
display
]
|
Meter communication functions HA communication functions
M ) Local Network
- Access Point (LNAP)
‘ : Neigbourhood Network

Access Point (NNAP)

G|

AMI Head End System

IEC

Figure B.1 — Reference architecture for smart metering communications [19]

The management of loads, e.g. switching on or off, in a building (or residential) can be
controlled by the grid (in dependence of the electricity generation). For the execution of the
management of loads in the building a “home and building electronic system” (HBES) is
necessary.

This leads to the following expansion of the architecture, Figure B.2.
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Figure B.2 — Expanded smart metering reference architecture

IEC

able the Smart Grid functions in the building the Energy Management Gateway and the

Customer Energy Manager (CEM) play_a,key role, Figure B.3. To assure the interworkjng of

devicé¢s from different manufacturers all units shall work on standardized basis.

As result there are the following responsibilities: TC 57 WG 21 for the grid side of the SG
interfdce, CENELEC TC 205 for the SG connection to the HBES and TC 59 WG
customer devices like washing’machines, refrigerators, etc.

user

7 for

In order to enable a,differentiation between various vendors, the Customer Energy Manager

itself,
struct

then

this means its behavior, will not be standardized, but rather the framework and th
ires.

If interoperability and the independence of the Customer Energy Manager is a requir1ment,

TC 205\WG 18 is to describe this CEMF in a normative way. The result of this WG will
EN 50491-12.

data

n Customer Energy Manager Framework (CEMF) is needed. The task of CENELEC
e the
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European functional architecture in detail / Standardization view
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Figure B.3 — European functional architecture

As in|reality there is not only one type of (HBES in the market it is necessary to define a
solutipn that enables to have a unique standardization in the grid and at the CEM, Figurg B.4.

e [
nJI % K R
T €3 Lo Al
2
E ca
SG Interface = and and .|
g HBES
SG Interface =
| SG Interface Bui|ding
® Inreali ere will be one standardiZzed communication structure 1or

the grid, but various HBESs in the market.

e As result a complete own SG Interface structure for each kind of
HBES would be necessary.

IEC

Figure B.4 — Reality of multiple HBES in market

The solution is one common framework with one neutral standardized interface for the
connection (mapping) of any HBES, Figure B.5.
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amework will be described in EN 50491-12 [14].,The mapping to the HBES/BA

DR through smart meter infrastructure (France)

cases may be considered:
smart meter + customer without-an (Internet) e-Box (standalone AMM); this i
hardware example of the functional smart metering centered architecture;

smart meter + customer with an e-Box; this is one hardware example of the fung
generic architecture.

Stand-alone gateway

s B.6 and B.7_propose hardware perspectives of functional architectures detai
and in particulacof the devices hosting SGUI functions.

B.1 presents infrastructure comparisons on services and roles for the above
S.

2014

BES

CS is

5 one

tional

ed in

three



https://iecnorm.com/api/?name=3d3493491e1917274eade907935ac21a

IEC TR 62939-1:2014 © IEC 2014 - 85—

DR through smart meter infrastructure

@ Smart meter + customer without e-box (post-AMM situation in France)

Supplier-tariff controlled relay output] Customer
(currently : historic tariff) J
N : . Water-heater
|
Meter .
] Energy- ES= Loads ,\b‘

E N
| manager rﬁ ()
L |

Q’
.%

Supplier calendar
+ dynamic tariffs
(currently : ripple control)

Supplier tariffs
Load profiles
Registers
(currently:
fixed historic tariffs

w. exceedence alert \ ¢
TIC = customer digital & next-day tariff) 6\ : :
output bus (HN 44-S-81) {< eDF
5 28th May 2009 Demand Response Technology Roadmap - (c) EDF R&EQ@ R®D
\\ IEQ
Figure B.6 — DR through smart meter in@structure, without (Internet) e-Box
N

iR, ®$

DR through\grhart meter infrastructure (2)

® Smart meter + In@‘bcét e-box (post-AMM situation in France)

Customer

E-box or tariff-
| Water-heater | driven relay output

8

= N ﬁ Loa(?s

E-Box l
TIC N } %
— =] —
T B !
||| it
— ADSL .
Supplier tariffs router —
Load profiles rh—‘—— — |
Registers y
[Automatic & real-time]ﬁ .
DR events :
TIC = customer digital Suppli Targetted DR leve;nts ] : :
output bus (HN 44-5-81) upplier (customer alerts) eDF
6 28th May 2009 Demand Response Technology Roadmap - (c) EDF R&D 2009 RO®D
IEC

Figure B.7 — DR through smart meter infrastructure, with (Internet) e-Box
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Table B.1 — DR infrastructure comparison — Services and roles
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DR infrastructure

comparison — Services Roles
Services and roles
Stand-alone AMM Dynamic tariffs programmed by AMM system DSO-centric system
operation

Support of legacy EMS

Supplier TOU-tariff controls water-heater

Supplier uses DSO portal to
program dynamic DR events

AMM + Internet
eBox

Customized load-control (relay outputs or smart-
home protocol for white-ware)

Supplier can inform customers on DR events

Supplier manages dynamic

DR events

DSO __may continue

Customer can customize e-box configuration
Supplier TOU tariff or e-box controls water-heater
Support for multi-metering (gas,water,heat)

Curtailable load-capacity may be known to
supplier

to

support direct load gontrol

through meter

Supplier freedom tp

use

DSO portahto,'send any DR
or energy ,efficiency |action

required
Fits market
aggregators

with

Standialone
gatewhpy

Only limited by installation and operational costs

Due to costs, residential customers may have
limited access to efficient DR services

Commercial offers ¢arried
by suppliers of aggredators
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CcA

Annex C
(informative)

Use cases

General

Use case notation has been normalized to use the two-letter country abbreviation and a two-
digit ; ; oo .
subm

Cc.2

C.21

The ¢

doma
grid slide of the system, the user's system and devices, some(use cases are common
have

This

histor

C.2.2

tted by delegates to PC 118 for inclusion in this technical report.

China use cases

CNO01 - Use case of generic use cases

ns, which are beneficial to collect SGUI UCs and distinguish\them from others. F

0 be supported by all systems and devices.

CNO1 generic category includes collection of basic customer data, real-time dat
c data, energy price, synchronic time signal, registration and login/out.

CNO02 - Use case of demand response

Demand response is one of the most imporfant interactive resources under the framew|
the S

action

mart Grid. With the direction of the.government, national Smart Grid strategy ar
plans have been developed with@he goal to integrate Smart Grid technology ar

into §mart Grid. At the same time, retated policies and regulations are being develope

reaso

optim
customer facility. The end goaklis to use economic, technological and administrative m¢g

to cor

powe

The d

Ti
at

hable incentive mechanisms.introduced to reduce investment risks, guide
zed power consumption method and improve power consumption efficiency i

trol the rapidly growing-electric power system load and adjust the load curve of e
system to obtain optimum economic benefits.

emand response/use case contains time-of-price and multi-step electricity price:

me-of-use\price: The power service company provides a time-of-use tariff mainly
industrialland commercial users, especially for high energy consumption users.

can rearrange production shifts according to the tariff in order to save on energy

TH

a

epower service company can encourage users to change power COﬂSUI’T‘IptiOﬂ me

es as

ategory of generic use cases consists of common and geperic’ UCs from cusftomer

pr the
, and

7 and

ork of
d DR
d DR
d and
sers’
n the
thods
ectric

aimed
Users
costs.
thods

d-achieve the results of peak loadshaving-

Multi-step electricity price: The power service company sets average power consumed by
the users into several steps, where the price per kWh per step increases with the
increasing average power consumed by the users. Using multi-step electricity price with
residential users can improve energy efficiency. This approach can be used with different
pricing for different market segments in order to improve power consumption efficiency.

The category of DR UC includes the creation, updating, deleting of DR projects and peak
demand, identification of DR contract, etc.

c.2.3

CNO3 - Use case of energy efficiency

The evaluation of energy efficiency (EE) serves to monitor the status of the use of energy and
to assess the status of EE enterprises, and to send proposals of technical improvement for:
real-time collection of energy consumption data, general analysis of energy consumption data,
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and energy consumption equipment control, operation and management of energy
consumption equipment and system and user archive management.

EE CNO3 includes requests for EE assessment, the creation, updating, deleting of EE
projects; the collection of EE data for customers’ equipment.

C.24 CNO04 - Use case of distributed energy resource

Distributed energy resource is a use case for interaction with a customer generation resource.
DER has the functions of: “plug and play”, remote control, bi-directional metering, and billing.
The customer DER is connected to the grid and realizes plug-and-play power, long-distance
mOnitJlilly alluI bUIItIUi, tVVU'Vde meadsurc dlld \,aibuiatiun. Tilib Iiay IUU UIUIIC ill COUP lat|0n
with distributed energy storage devices in order to optimize control of power flow_info the
system depending on: changes of grid flow and regional load balance; limiting the_disturbance
to power distribution grid made by intermittent power generation at maximum, and proyiding
information status on the operation of micro-grids.

CNO4| of DER includes the creation, updating, deleting of DER projects;)the registration and
login/put of user, and the monitoring of DER information.

C.2.5 CNO5 - Use case of electric vehicle charging

Electrjc vehicle (EV) charging and discharging is an important*business for utilities to manage
peak |oad by publishing price and conveying DR events.,The EV UC here focuses on hgw EV
(as a ppecial load) can interact with DR, EE and others=~This use case considers large vehicle
charge and discharge stations, optimization of charge’and discharge control strategies for
time management and quick charge and discharge,.replacement of whole groups of batferies,
two-wjay communications, tariffs and other functions. At the same time, this use| case
considlers additional functions including batterytest and battery maintenance, satisfying self-
help ¢harge and discharge demands of the<users, etc. As for smaller size auto charge and
dischmrge stations, it can realize plug=and-play convenient charging and discharging
anywhere anytime.

CNO5| of EV includes the registration and login/out, the updating, deleting of EV userp, the
requept for integration of the EVj.and the conveying of the price to the EV.

C.2.6 CNO06 — Use case of load management

Load management (EM)“technology is one of most important means of DSM. The goverhment
and power servicencompany incentive policy aims to cut load in peak period by proyiding
users|with economic compensation. The grid operation works with the user to develop & load
management (plan according to its own power consumption load status in order to pgrform
powel consumption management in peak and valley periods, to cut load in peak peripd, or
transfer it\into the valley. Meanwhile, by taking part in power market transactions according to
its own“load management ability, benefit accrues to the power utility at its maximum levef. The
aim of LM is to improve the shape of the load curve on the grid.

CNO6 of LM includes remote control, local control, collect of curtailed load and conveying of
the curtail command.

C.3 Korea use cases

o KRO01 - Visualization for interaction through existing user’s screens

— Displays used by customers/managers to access information and control about the
grid; real-time prices, energy and appliances monitor, energy management system,
remote monitoring, home grid alarm and so on. Mobiles/smart phones, (IP) TV, internet
video phone, (Tablet) PC, wall-pad, etc. can be used for this purpose.

e KRO02 - Managing devices through/by ESI (energy service interface)
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Inside the user’s premises, PEV (plug-in Electric Vehicle), PV (photo voltaic system),
home appliance, and household equipment participate in a home network and in local
management that a GW (gateway) governs. The energy service interface (ESI) is
allowed to handle charging and power management for home appliance including PEV.
Street light control, instant read, pricing signal could be considered sub-items under
the management of ESI as well.

This provides various managing capabilities for using electric energy such as monitor,
control and operation of various devices which are used in home environments by
considering two different types of devices: smart home devices with electric metering,
and communicating capabilities and legacy home devices without such capabilities.

KRO03 — Distributed energy generation and injection

KRO05 — Demand response signal generation for controlling home appliances

KR06 — Energy storage clustering

Distributed energy resources (DER), i.e small-scale power generation sources|ldcated
close to where electricity is used, provide an alternative to or an enhancement pf the
traditional electric power grid. DER allows the managing of electrical power
generating/injection system to be used within the end user premise environmen{ such
as home, building.

KR04 — Customers reduce their usage in response to pricing) or voluntary| load

duction events

This includes the actual mechanism to distribute price sighals and voluntary load
reduction events to customers (direct electronic delivery, to the customer meter, djsplay
device within the home/business, automated telephone calls, e-mail, pager,
commercial broadcast radio, newspapers, etc.). It jnicludes the mechanism by which
the AMI will display current pricing and voluntary-load reduction event information
within the customer’s home/business. The AMIKwill initiate automatic load reductjon at
the customer’s site by communicating event and pricing information to cusftomer
equipment and the customer equipment will take action based on the custgmer’s
predefined setting. The customers wilk“be able to program their load control
specifications and refuse utility load~reduction requests with a device within| their
home/business. The customer will also be able to manually curtail load based|upon
informational messages communigated to them through the AMI.

This is a use case for.demand response signal generation for controlling |[home
appliances. The electricity service provider's operating system makes several DR
(demand response) signals that are generated by the multiplication of individual CBL
(customer baseline loads) representing the customer's electricity usage patterns and
dynamic pricingfrom power exchanges. DR signals in the operating systemn are
transmitted to-the 3™ party service provider’s operating system or the gateway jn the
customer houses. DR signals pass to the consumer electronics and appliances. Power
consumption of appliances varies depending on DR signal.

This juse case is to control ESS (energy storage system) clusters that are made|up of
individual ESSs distributed in specific areas: home, commercial, industrial, etc. In one

, g each
ESS individually for storing electric power originated from renewable power sources.
An operating center detects input/output of energy at each ESS and can make
distribution of electric energy by comparing the energy level that each ESS has.
Through the pattern analysis and prediction of power consumption, the ESS operation
mode can be determined. It consists of 3 management parts: ESS, energy supply, and
load management part.

i) The ESS management part takes obtains battery SoC (state of charge) information
and calculates the energy storage capacity by integrating the assessed information.
It also manages energy storage quantity information of each ESS and controls
charging/discharging of each ESS.

ii) The energy supply management part judges the energy level of each ESS based on
the energy storage information and determines the operation modes — whether it is
charged or discharged - linked with the ESS management part. It also distributes
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energy among ESSs in the cluster considering the excess/short supply of energy
level.

The load management part obtains real-time energy consumption amount and
computes the predicted value of the energy consumption by analyzing the pattern
of the load energy consumption level. It also controls energy consumption of each
load based on the energy storage capacity of the ESS. By introducing a higher
level control centre that controls each cluster-unit TCC, electric power transmission
and trade can be possible.

KRO7 — Customer EMS’s control of EVs electric charge and discharge

Based on information including a dynamic pricing message and/or a DR message from

4l P Y 4lo 4 [l W, NNVl W N NWFYN + <l £ la I HIPAH : <l daos l
Uurc ul.llll.y, UTS CUOSLUITITT LIVIO \AI_IVIU \I.IIC Sl dlivuo TUT TIUTTTIT, uununly, mruauotriar, etC))
is able to control the charge/discharge of the EV’s ES. xEMS has to consider, thg EV’s
state such as the storage state, operating schedule to optimize energy usage by the
EV and the building energy consuming component.
C.4 | Japan use cases
C.41 General
Japar] DR use cases are presented in Table C.1 below.
Table C.1 — Summary of Japanese_ lise cases
Numbg Title
JPO1 Control Battery via home energy management system (HEMS)
JP02 Control distributed energy resources (DER) viatheme energy management system (HEMS)
JP0O3 Control energy consumption with smart appliances by building energy management system (BEMS)
JP04 Control energy consumption with smartiappliances by community energy management system
JP0O5 Control energy consumption with smart appliances by energy provider
JP06 Control energy consumption viashome energy management system (HEMS) with smart appliancgs
JPO7 Peak shift contribution by battery aggregation (virtual energy storage)
JP08 Control of smart home'appliances based on price information by time slot
JP09 Control of smart hame appliances in response to power saving request from electric power supglier
JP10 Control of smart home appliance before power cut
JP11 Control oftsmart home appliances in case of natural disaster
C.4.2 JPO3-= Control battery via home energy management system (HEMS)

!

jectives of function:
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react to real time peak power signals;

balance the load between consumption and local production;

optimize the consumption to use cheaper, greener and/or safer energy (depending on
personal preferences);

maintain power quality.

Scenario

batteries can be operated by direct requests (or through HEMS) from Consumers or
HEMS users to adjust their charge and discharge. (without the energy management
system);

batteries might autonomously function to adjust their charge and discharge
(equipped with the energy management system);
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— HEMS may control the smart appliances and battery in order not to exceed a maximum
threshold for household power consumption and charge/discharge.

C.43 JP02 - Control distributed energy resources (DER) via home energy
management system (HEMS)
o Objectives of function
— avoid the risk of black out;
— react to real time peak power signals;
— balance the load between consumption and local production;

— _optimize the consumption to use cheaper, greener and/or safer energy (depending on
personal preferences);

— | maintain power quality.
e Sdgenario

— | DER can be controlled by direct requests (or through HEMS) from consumers or HEMS
users to adjust power generation (without the energy management,system);

— | DER autonomously functions to adjust its generation (equipped with the e€nergy
management system);

— | HEMS may also control smart appliances in order not to(exceed a maximum thrgshold
for household power consumption and generation.
c.4.4 JP03 - Control energy consumption with smart-appliances by building en¢rgy
management system (BEMS)
e Objectives of function

— | avoid the risk of black out;

— | react to real time peak power signals;

— | balance the load between consumption and local production;

— | optimize the consumption to use ‘cheaper, greener and/or safer energy (depending on
personal preferences);

— | maintain power quality.
e Sdenarios

— | smart appliances.¢an be operated by direct requests from BEMS to adjust power
consumption (without the energy management system);

— | smart appliantces might autonomously function to adjust their consumption
(equipped, with the energy management system).

Cc.4.5 JR04= Control energy consumption with smart appliances by community EMS

. Otrjectives of function

— react to real time peak power signals;
— balance the load between consumption and local production;
— optimize the consumption to use cheaper, greener and/or safer energy (depending on
personal preferences);
— maintain power quality.
e Scenarios

— smart appliances can be operated by direct requests (or through BEMS) from the
community energy management system to adjust power consumption
(without the energy management system);

— smart appliances might autonomously function to adjust their consumption
(equipped with the energy management system).
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JP05 — Control energy consumption with smart appliances by energy provider

avoid the risk of black out;
react to real time peak power signals;
balance the load between consumption and local production;

optimize the consumption to use cheaper, greener and/or safer energy (depending on
personal preferences);

maintain power quality.

Objectives of function

Objectives.of function

smart appliances can be operated by direct requests from external users jto*fadjust
power consumption (without the energy management system);

smart appliances might autonomously function to adjust their’\ consumption
(equipped with the energy management system).

JP06 — Control energy consumption via home energy management system
(HEMS) with smart appliances

avoid the risk of black out;
react to real time peak power signals;
balance the load between consumption and loeal production;

optimize the consumption to use cheaper, greener and/or safer energy (depending on
personal preferences);

maintain power quality.
enarios

smart appliances can be operated by direct requests (or through HEMS)| from
consumers or HEMS userS) to adjust power consumption (without the energy
management system);

smart appliances might autonomously function to adjust their consumption
(equipped with the energy management system);

HEMS may control*the smart appliances in order not to exceed a maximum thrgshold
for household'power consumption.

JP07 —Peak shift contribution by battery aggregation (virtual energy storgge)

online power control;

peak shift contribution.

Scenarios

C.4.9

default plans setting for peak shift contribution;

displaying potential for default plans of peak shift contribution (case 1, case2);
making plan for peak shift contribution;

execution notification of the plan for peak shift contribution;

control of the stationary battery;

monitoring of peak shift contribution.

JP08 — Control of smart home appliances based on price information by time
slot

Objectives of function
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— to plan the operation time table:

i) the peak power consumption does not exceed the maximum by determining the
combination of what smart home appliances are working in the same time slot, and

ii) smart home appliances that work continuously for a longer time and/or may work
spanning a couple of time slots, such as water heating, battery charging, are
assigned to work in the time slot whose price is relatively inexpensive.

Scenarios
- HEMS
i) receives the latest price information for the next 24 hours from the electric power

supplier
a) ex. at Day N, AM6 -> Day N+1, AM6 to Day N+2, AMS,

ii) is triggered to start planning the time table of the smart home appliances-opefration
from Day N+1 AM6 to Day N+2, AM6,

iii) interprets the given price information into time duration, start time, end time and
price of each time slot, and compares them to see which timerslot is longest and/or
most inexpensive,

iv) plans which smart home appliances will work, and/or willknet work,

— | the integral power consumption is unchanged but the maximum peak power changes
according to the participating appliances at the time slott

C.4.19 JPO09 - Control of smart home appliances_inresponse to power saving request

from electric power supplier

Objectives of function:

— | to generate the operating plan of the smart home appliances for power saving.
Sdenarios:

- | HEMS

i) receives the power saving-request from the electric power supplier,

ii) is triggered to start planning,

iii) plans what appliahees are working, and/or not working, from when to whep and
with what detailed operating conditions,

iv) starts contralling the smart home appliances according to the plan,
v) discardsithe plan or quits planning if:
a) theconsumer does not accept the plan,

b)y~the HEMS is not able to conclude the plan that meets the power daving
conditions and the detailed operating conditions given by the consunper in
advance. ﬂl!

C.4.11 JP10 - Control of smart home appliance before power cut

Objectives of function:

— to generate the operating plan of smart home appliances connected to the HEMS
network for the period before the power cut occurs.

Scenarios
- HEMS
i) receives the power cut information from the electric power supplier,
i) is triggered to generate the operating plan of the smart home appliances,

iii) controls the smart home appliances according to the operating plan if it is
acceptable for the consumer.

Behavior of the smart home appliances in case of power cut:
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they continue working with different conditions and turn off before power cut,
they start working according to Consumer’s preset and turn off before power cut,

2014

they work as long as possible during the grace period before the power cut and turn off

with the normal shut down process,
they stop at the time when the preset conditions are satisfied.

C.4.12 JP11 - Control of smart home appliances in case of natural disaster

e Objectives of function

to generate the operating plan of the smart home appliances in response to the alert

from the electric supplier that instability of power supply and/or power cut is po

ssible

e S(

due to a natural disaster.
enarios
part of power grid is affected due to natural disaster.

electric power supplier initiate special accommodation of power cand/or inter
power cut .

in the case the customer receives an alert from the electric’ power supplie
consumer can prepare against such a situation by:

i) filling the tank with heated water,

ii) charging the battery, etc.

the HEMS receives the alert of a natural disaster from the electric power supplier
the HEMS is triggered to start controlling the smart home appliances by

iii) prioritizing appliances to work to store energy,

iv) saving energy,

The consumer differentiates those preset conditions from the normal period,
when a natural disaster is no longer expected to be an obstacle:

v) the electric power supplier.informs the HEMS of the alert cancellation

vi) the HEMS cancels the.spécial conditions and resumes to normal control statu

tional

r, the

U7

C.5 | France use cases
C.5.1 General
Table C.2 — Summary of French use cases
# Title
FRO1 :ECfo load control for electrical water heating tank coupled with on/off peak
ari
FRO2 Dynamic pricing of electricity and energy management

FRO3 Managing a superseding tariff schedule

FRO4 Handle a tariff event through managed equipment

FRO5 Handle a tariff event by local intelligence

The complete and general versions of the use cases mentioned (in a summarized form) below
are available at:

http://www.cen.eu/cen/Sectors/Sectors/UtilitiesAndEnergy/SmartGrids/Pages/default.aspx

C.5.2

Name

FRO1 - Load control for electrical water heating tank coupled with on/off peak

tariff

of author(s) or committee:
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EDF R&D

Scope and objectives of function:

This use case describes a Load Control System linking together an on/off peak tariff, the
metering system and the electric water heating tank of the customer. This system is currently
an existing load shifting and energy storage solution (for specific markets / geographical
area). In particular, in France, addressing several millions of Hot water tanks, it brings a major
contribution to the balance of the French electric system.

The o

bjective of this use case is:

e fo

e fo

Short

A loa
meter|
event

Comp

customers:
to have the hot water they need at any time

to optimize the cost of this service by switching on the electric water heating tan
when the price is low, at low peak hours.

the producer/supplier/network operators:

network.

description:

I control event derives from the change between{on-peak and off-peak periodg

data, directly interpret it and react accordingly.

ete description:

K only

to reduce the gap between night and day consumption,<both for generatiop and

. The

has an information port to which an appliancesiss\eonnected. This appliance can get the

When| a daily pricing load control signal @occurs, the electrical water heating tank main qupply
is swit/ched ON or switched OFF, so that the electric water tank is only allowed to corlsume
energly during a specific timeslot of (the day (mainly at night) when prices are low. However,
the cqnsumers can always derogate if they wish.
The dlectrical water heating tank can be considered as an energy storage appliance which
help electricity utilities .fon keep the global load curve as flat as possible by shifting the
electr|city water tank consumption to night usage only.
Actor|names:

o | electricity supplier

e | Distribution system operator (DSQO) / meter operator (MO)

o L Smartmeter{Sh)

e Consumer

e Appliance control module

e Electric hot water tank
C.5.3 FRO02 - Dynamic pricing of electricity and energy management
Name author(s) or committee:
EDF R&D

Scope and objectives of function:
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This use case describes a load control system using a dynamic pricing of electricity in order to
help the electric system in the days of very high peak demand. This system currently exists in
France: the tariff is named “Tempo”, and several hundreds of thousands customers
adopted it and, either manually or with the help of an energy manager device connected to the
meter, they modulate the use of their electric heating according to the periods of the tariff.

Short

description:

have

For a small number of peak days in the year, a special peak day tariff may apply, which is
particularly high, overriding the regular daily and weekly price variations, and encouraging the
customer to lower his consumptlon durmg these peak perlods the customer is informed the

Comp

A dyn

(night),

As an
(300),
3 colg

off-pegk, for the cheapest, to red on-peak for the most expensive.

Custo
peak
advarn

The (¢
inforni
downl
also 1
heat
inforni
done
them.

Actor

er, directly by the appllances if they are smart enough to get the metermg datg
ptering data port, or with an energy management device, connected to the metering data
port, and which controls the equipment.

ete description:

amic tariff may include both a regular price variation, such as_on-peak (day)/off
and a more dynamic component, for example under the form, of the “colour” of thg
example, the Tempo tariff includes 3 colours: blue, for mest of the days of the
white, for medium peak days (43), and red for high peakdays (22). As for each of
urs there are still on-peak and off-peak rates, it makes.6 different rates, going fron

mers—preferably those who have a load as ele¢trical heating that they can moder
days (for example if they have an alternative non electric heating system
tageously subscribe to this tariff.

olour of the day is always givensthe day before. The customer can receiv
ation by any mean he wishes (including SMS and email). This information is
oaded and displayed on the metér or on any display connected to the meter. The
hakes this information available on the meter data port. An appliance, for exam
bump, connected to this. port may directly adapt its working mode according t
ation and according tosthe preferences programmed by the user. The same may b
by an energy manager that would typically be connected to electric heaters and ¢
The customer may.always derogate to the pre-programmed mode.

names:

Electrigity. supplier

Distribution system operator (DSO) / meter operator (MO)

y the
from

-peak
b day.
year
these
N blue

ate in
)—can

b this
also
meter
ple a
b this
e also
ontrol

Smart meter (SM)

Cc.54

Consumer
Energy manager
Electric heating

Smart appliance

FRO3 - Managing a superseding tariff schedule (peak demand) UC_PC_14

Name author(s) or committee:

EDF R&D

Scope and objectives of function:
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The customer benefits from reduced tariffs in exchange for handing over control to the
supplier during periods of peak demand. In case the customer does not transfer command the
tariffs are higher.

Short description:

The supplier detects that it needs to react to a peak demand. For this purpose it determines
the characteristics of the peak demand period and the demand response groups concerned. It
then sends a message indicating peak demand to the customers concerned.

Complete description:

The
the ¢
respohse groups concerned. It then sends a message indicating peak demand t
customers concerned.

Within) the ’fixed’ tariffs regime the notion of peak demand provides the'opportunity to
period of some hours in which the tariff regime is overruled. This-period is signal
advarjce to the customer. In these cases the ’fixed' tariff in_the metering equipm
replaged for the period concerned with the specific tariffs for peak’demand which depen
the dgy of the week.

Assumptions:

sl.rpplier detects that it needs to react to a peak demand. For this purpose it deter

Specific contract

Pgak demand signal

Ldcal system:

THe supplier:

aracteristics of the peak demand period (date, time, duration, etc.) and‘the de

The customer subscribes to a specific type of contract in which he agrees wi
mechanism for peak demand and the associated tariffs.

The tariff regime associated with the,contract is loaded in the metering equipmen
the customer subscribes to the contract. The tariff regime is updated periodically.

The peak demand signal jstissued to the metering equipment at J-1.

contract for peak demand.

intervene.sHowever the system can provide capabilities to display the peak de
signal and-is able to apply the customer’s preconfigured peak demand settings.

mines
mand
o the

set a
ed in
Nt is
ds on

h the

I after

The customer is not(charged for the demand signal if he has subscribed to the

In order to assure the service for peak demand in this UC, the local system dog¢s not

mand

The |n|t|at|ng actor for the peak demand in the UC is the suppl|er but there is a n¢

eqmpment conS|sts of drstrrbuted energy resources) The mteractlons between actors
will not differ from the current use case.

Actor names:

Customer

Local system

Intelligent electrical appliances
Metering equipment
Distribution system operator
Supplier
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FR04 Handle a tariff event through managed equipment UC_PC_16

author(s) or committee:

EDF R&D

Scope and objectives of function:

The customer optimizes costs for energy usage through granting/revoking permission to
operate equipment in accordance with the tariff regime or tariff events

Short

description:

The npanaged equipment responds to signals (based on the parameters set by the cust

assoc
Comp
Descr

In cas
case
accor
work,

iated with tariff events.
ete description:
iption:

e of a tariff event (for instance in case of a shift between peak and off-peak hours
pf peak demand), the managed equipment including thé production equipment, res
ling to the parameters set by the customer. This means the equipment can contir
stop working, interrupt operation etc.

Remalrks:

If the
and s

Assur]

The customer has the opportunity to overrule the automated operation
In case of a peak demand signal the‘customer can receive a preconfigured alarm

tariff event is caused by peak demand, UC_PC_16 is preceded by UC_PC_14
gnal advice for peak demand*to’J-1).

nptions:

HAN equippment

— The HAN €quipment (both consumption and production) is managed. This mg
reacts to.tariff signals issued by the local system.

The localksystem:

In order to provide the services mentioned in this UC, the local system shall at
include:

pomer)

or in
bonds
ue to

issue

ans it

least

= The fllnnfinnnlify toissue a command to the mnnngnd nqnipmnnf as aresulto

tariff

Actor

events.

— The functionality to display the peak demand signal if requested.

— A user interface that provides functionality to set and modify parameters

associated with tariff events.
names:

Consumer/user

Distributed energy resource
Managed electrical appliances
Local system

Metering system
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FRO5 — Handling a tariff event by local intelligence UC_PC_17

author(s) or committee:

EDF R&D

Scope and objectives of function:

The customer optimizes costs for energy by managing the utilization (run, stop, reduction) of
electrical appliances based on tariff regime and tariff events.

Short

description:

Hand:|inng of a tariff event by local intelligence. The local intelligence is embedded |in thg

syste
assod

Comp
Descr

In cag
case
set by

and may include production equipment. The situation where the tariff eve
iated with peak demand is handled by the customer and is not covered.ir’ this UC.

ete description:
iption:
e of a tariff event (for instance in case of a shift betwéen peak and off-peak hours

the customer.

The customer can overrule the local intelligence.
The customer may receive an alarm in case this was configured (peak demand).

cenarios are presented below:

SC1: Handle a tariff event through intelligence embedded in the local system.

SC2: Handle a tariff eventithrough intelligent appliances or intelligent prod
equipment.

Both scenarios are mutually exclusive (refer to the assumption on HAN equip|
although mixed configurations are possible.

local
ent s

orin

pf peak demand), the local system manages the lo¢aldemand based on the parameters

Liction

ment)

In cape the tariff event is associated with peak demand, UC_PC 17 is preceded by

UC_P

Assur]

C_14 (issue a peak demand signal to J-1).

nptions:

HANequipment

=" The HAN pquipmpnf (hnfh r‘nnqumptinn and lnmdur"rinn) is cansidered

o be

managed by the local system. The equipment only responds to commands
stop, reduction) issued by the local system.

(run,

— The HAN equipment (both consumption and production) is considered to be

intelligent as no intelligence is available beyond the local system
— In practice mixed configurations will be available.

Demand management signals

— Production equipment is managed by signals (produce, stop producing, reduced

production).
— Consuming equipment is managed by signals (run, stop, reduced).
Equipment management

— Scenario 1: The equipment is orchestrated to ensure a smooth exit of the
demand period.

peak
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— Scenario 2: It is assumed that each intelligent equipment (both consumption and
production) do not take into account the demand management strategies

established by the other equipments.

Local system:

In order to provide the functionality mentioned in the UC, the local system shall at least

be composed of:
in case the intelligence is embedded in the local system (SC1)
— functionality to compute the demand management strategy

— functionality to manage demand by issuing commands to both equipment for

nroduction-and caoansiimntion
proatctoR—aha ASHHRPHOR

— functionality to display the peak demand signal and / or the demand manags
strategy is necessary

— a user interface that provides functionality to set and modify parameters fo
management

in situations where intelligence is embedded in equipmentnfor production
consumption, meaning that the local system does notD‘intervene or
repeats/displays the signal for a tariff event (SC2)

— functionality to display the peak demand signal when necessary
names:

Consumer or user
Supplier

Managed equipment
Smart appliances
Local system

Metering equipment
For the sake of simplicity, the electrical HAN is composed of a single component; the presence
hal equipment does not alter the interactions.

India use cases

INO1 — Energy efficiency
Energy efficiency through demand response
Active(energy efficiency using smart/ intelligent controls and equipment
— (can be independent of DR- Focus on standalone sensors and controls
~Videntifying loads and work out strategies to shift their usage to non-peak time

ement

r load

and
only

of any

— advanced systems to manage energy, e.g software based systems, plc’s advanced

controllers,
Energy monitoring, measurement
— identification of critical and non-critical loads at site for EE
— energy normalization
— can meters capture temperature along with other electrical parameters?
Demand side management
— TOU based load limits

— identify the major energy consumer segments (e.g agriculture, buildings, etc.) and

suggest strategies for DSM
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C.6.2

C.6.3

C.6.4

— manage generation shortages through selective load control thereby converting a
blackout scenario into a brownout

Equipment efficiency
— pump efficiency, chiller efficiency, etc.

— superior EE appliances; major consumer segments; recommendations based on
similar equipments and appliances available world-wide

INO2 — Demand response for peak load reduction

Managing devices through/by ESI (energy service interface)

— Inside the home user’'s device network (p g applianr‘pq home

invertors)/commercial users (e.g HVAC, pumps, elevators etc), the energyiservice
interface (ESI) is permitted to manage power consumption for appliances] tariff
information can be used by the ESI to effectively manage the loads.

— Different DR strategies could be worked out for different categories-of customers.
Load reduction through price

— Consumer will participate in voluntary load reduction events'based on the gricing
information received during the particular DR event. In re§ponse the consumer has
to convey to the utility/aggregator/program manager about its participation |n the
DR event.

— Demand response signal generation for partial or¢full” control of the commercial and
industrial loads such as controlling the HVAC set points or dimming the lights in
order to reduce power consumption by energy consuming systems. Herge the
utility/aggregator/program manager is able/to control the loads at consumer
premises directly based on their requirements.

INO3 — Home energy management

Overall near real time energy monitoring

— Contractual versus actual consumption to indicate violation for taking corrective
action.

Appliances wise consumption’monitoring and control

— Appliance shall shew~energy consumption on periodic basis for better monitoring
and control to encourage energy conservation and better cost control.

— This will also.perform energy benchmarking.

Optimization of €nergy usages

— Use of'sensor for automatic lighting loads, temperature control, etc.
— Usé of sensors for home entertainment systems control.

Stand-by smart appliances

=~V The control mechanism to switch off the appliances whenever they are in standby

mode for more than the pre-set duration.
Inverters — Battery charging through solar PV/wind

— A very large number of homes have battery and inverter systems which supply
power in the event of outages (which may be very frequent). A lot of energy is
consumed to charge these batteries which can be provided by small renewable
sources such as rooftop solar PVs/micro wind. These renewable sources may also
be used to supply to loads and the grid, if possible.

Operation of different appliances during off-peak hours based on the price signals
received from the utility

— To interpret the price signals to identify ideal time slots for load usage.

INO4 — Building energy management

Monitor energy use
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— Monitoring energy consumption at each load point in the building.
Generate energy locally

— This use case promotes local energy generation at building level by renewable
sources such as PV panels and micro-wind turbines.

Provide emergency electricity

— This use case represents the ability of the building energy management system to
provide a minimum amount of electricity in case of power outages for safety
purposes, for example providing emergency supply for lighting and provide graceful
elevator shutdown.

nnnnnnnnnnnnnnnnnn

(]
OtOTC—CHCT gy TOoCaTy

— This use case represents the ability to store electricity and hot water locally|using
equipment like batteries, fuel cell, hot water tanks, etc.

Optimize energy use

— This use case represents the ability of the building energy management system to
have a beneficial effect on the energy consumption patterns ©f the building, [either
with respect to conserving energy or optimizing costs or delivering benefits fo the
external grid/micro-grid by helping shape the energy load:

Increase awareness of energy consumption

— The BEMS provides regularly updated historic, ,real-time and/or forecast energy
usage data of the office building via displays/information screens/web browsgrs to
the end-users with the goal to motivate the occupants to use energy conservatively.

Support online community

— The basic idea behind this use case is.that energy conservation and a greenagr life-
style can also be encouraged by facijlitating the formation of an online community of
like-minded people who can usethe online platform to share ideas, experignces,
know-how, or even participate in\competitions.

Benchmarking for energy efficiency

— This use case representsthe ability to regularly check the energy benchmarkling to
validate energy efficiency and energy conservation in comparison| with
recommended requirements.

Optimize the data center air conditioning

— The air conditioning systems (with their heat pump for winter) consume clgse to
50 % of the total data centre consumption. A real-time monitoring of temper;rtures
(which_wary with the load of servers) allows significant savings in e€nergy
consymption by control of air conditioning.

Monjter-instantaneous power quality to validate power service level agreement

— \A utility offers a service level agreement (SLA) on power quality to a customef. The
customer receives power quality information in real-time. The customer can|track

and project performance against the SLA over various periods of time
Balance power purchases between different utilities

— The building energy manager selects the cheapest or most reliable supplier and the
amount to be purchased using “open access” regulations.

INO5 — Local markets to enable consumer-prosumer open access transactions

Electricity open-access consumers are special type of consumers who can buy/sell
power across the system through different contracts without having any regional
boundaries. This use case promotes consumers-prosumers partnership and enables to
carry-out open access transactions through SGUI. These transactions are bilateral in
nature and the information flow between the users can be represented as consumer1
(prosumer1) > SGUI > Grid > SGUI - consumer2 (prosumer2).
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C.6.6

INO6 — Deliver output reports of demand side equipment in standardized data
formats to users

This is a use case for delivering output reports of demand side equipment in
standardized data format to the users. It includes information such as equipment
consumption over a certain period, demand response event records, demand response
transactions, electric vehicle management records, etc. User requests for such reports
shall be processed through SGUI. This use case has the potential to provide third-
party access and promote innovative third-party services operating on the output
reports of demand side equipment.
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