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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3-7: GridWise transactive energy systems research,

development and deployment roadmap

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechni
Commission) form the specialized system for worldwide standardization. National bodies that are members
ISO or IEC participate in the development of International Standards through technical committees establish
by the respective organization to deal with particular fields of technical activity. 4SO and IEC techni
committees collaborate in fields of mutual interest. Other international organizationsy, governmental and ng
governmental, in liaison with ISO and IEC, also take part in the work.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible,
international consensus of opinion on the relevant subjects since each technical committee has representati
from all interested IEC and ISO National bodies.

IEC and ISO documents have the form of recommendations for international use and are accepted by IEC a
ISO National bodies in that sense. While all reasonable efforts are made to ensure that the technical content
IEC and ISO documents is accurate, IEC and ISO cannot be held\responsible for the way in which they 4
used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO.National bodies undertake to apply IEC and I
documents transparently to the maximum extent possible/in their national and regional publications. A
divergence between any IEC and ISO document and the‘Corresponding national or regional publication shall
clearly indicated in the latter.

IEC and ISO do not provide any attestation of conformity. Independent certification bodies provide conform
assessment services and, in some areas, acces§’to IEC and ISO marks of conformity. IEC and ISO are 1
responsible for any services carried out by independent certification bodies.

All users should ensure that they have theslatest edition of this document.

No liability shall attach to IEC and IS®: or their directors, employees, servants or agents including individ
experts and members of its techni¢al committees and IEC and ISO National bodies for any personal inju
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (includi
legal fees) and expenses arising,out of the publication, use of, or reliance upon, this ISO/IEC document or a
other IEC and ISO documentsy

Attention is drawn to the: Normative references cited in this document. Use of the referenced publications
indispensable for the.correct application of this document.

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

e main task of IEC and ISO technical committees is to prepare International Standard
wever,(a)technical committee may propose the publication of a Technical Report when
s collected data of a different kind from that which is normally published as an Internation

Standard, for example "state of the art".
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ISO/IEC TR 15067-3-7, which is a Technical Report, has been prepared by subcommittee 25:
Interconnection of information technology equipment, of ISO/IEC joint technical committee 1:
Information technology.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
JTC1-SC25/2900/DTR JTC1-SC25/2966/RVDTR

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 document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the ISO/IEC 15067 series, published under the general title Information
technology — Home electronic system (HES) application model, can be found on the IEC and
ISO websites.

In this document, the following print type is used:

e Bolded italics represent condensed encapsulations of the transactive energy (TE) principles
descrihed in ISO/IEC TR 150687-3-8:2020 6 4

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicate
that it contains colours which are considered to be useful for, the correcE
ynderstanding of its contents. Users should therefore print this document using
golour printer.
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INTRODUCTION

It has been said that if Thomas Edison could see the electricity industry today, he would
recognize it as being much the same as 100 years ago, but that may not be the case for much
longer. The century-old paradigm of large-scale generation and distribution is starting to change
as renewable resources make more of an impact. New distributed devices, both consumer and
utility-owned, affect the grid directly and also interact with each other. Preparations are already
underway to integrate these new resources and technologies by considering operational and
policy changes based on measured and effectlve choices. For example, the industry is
un
aCJUStS to varylng demand, to a "supply foIIowmg parad|gm where responsive demand absorbs
vdriable generation such as solar and wind. During the transition to a more distributed system,
the industry cannot afford to design purely for either extreme. A key to success is) t0 uge
technologies that support flexible coordination of both centralized and distributed elements. Onfe
sych approach is provided by transactive energy (TE) systems.

Trnansactive energy systems are systems of economic and control mechanisms that allow the
dynamic balance of supply and demand across the entire electrical infrastructure using value as
a key operational parameter. This definition is from ISO/IEC 15067-3-8:2020, 3.28 [1]1.

This broad definition allows us to recognize the existing use of Aransactive techniques in bylk
erlergy markets and to consider how to enable new techniques for possible use in distributipn
systems, at the interface between transmission and distribution,/and perhaps even more broadly.

The need for transactive energy systems is being driven by economic, technological, and
cUstomer preference opportunities that were just /b€ginning to exist five years ago. Better
pgrformance and declining costs for many renewable/energy sources and storage technologi¢s
nqw being deployed suggest use of distributed energy resources will continue growing.
Distribution systems were not designed for large-scale deployment of distributed energy
resources with potential power flows in multiple directions. Ad hoc arrangements have worked $o
faf, but as the combined effects of chafges that are often outside of regulatory and utility
ollservation and control become significant, a more robust response to maintaining and
erthancing safety, reliability, and tesilience of distribution energy systems and markets |is
reguired.

ISO/IEC TR 15067-3-7 is .adapted from the GridWise®2 Architecture Council document,
Tnansactive Energy Systems Research, Development and Deployment Roadmap [2], whi¢h
provides a broad perspéctive of how transactive energy systems and their use will evolve over
time. It has been edited to align with the format of IEC documents.

1 Numbers in square brackets refer to the Bibliography.

2 GridWise is a registered trademark of Gridwise, Inc. This information is given for the convenience of users of
this document and does not constitute an endorsement by IEC or ISO.
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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -
Part 3-7: GridWise transactive energy systems research,
development and deployment roadmap
1| Scope

This part of ISO/IEC 15067, which is a Technical Report, explains the organization and
ructure of the transactive energy systems research, development, and deployment roadmal[l).
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There are no normative references in this document.
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N Terms and definitions

Normative references

Terms, definitions, and abbreviated terms

eration of the power System, such that the marginal price of energy to serve the ng
crement of load, exclusive of losses, at different locations on the transmission system
equal

1.2

ber-physical system
hart system that includes engineered interacting networks of physical and computation
mponents

1.3

r the purposes of this document, the following ternis and definitions apply.
O and IEC maintain terminological databases ‘for use in standardization at the following
dresses:
IEC Electropedia: available at http://www.electropedia.org/
ISO Online browsing platform: available at http://www.iso.org/obp
1.1
bngestion
aracteristic of the transmission system produced by a constraint on the optimum econom

ic
Xt
S

deterministic
<model> always producing the same output when given a particular input (no randomness)

3.
di

1.4
stribution system operator

DSO
entity responsible for planning and operational functions associated with a distribution system
that is modernized for high levels of distributed energy resources (DERs) and handles the
interface to the bulk system transmission system operator (TSO) at a locational marginal price

(L

MP) node or transmission-distribution substation

Note 1 to entry: A range of other DSO models are under consideration in the industry.
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3.1.5
prosumer
person or entity who both consumes and produces

3.1.6

stochastic optimization

minimization or maximization of a function in the presence of randomness in the optimization
process

3.2— Abbreviated terms

NQTE This list also includes some terms not used in this document, but which relate to other terms and_so/coyld
be] useful for the user.

ADMS advanced distribution management system
AMI advanced metering infrastructure

BEM(S) building energy management (system)

CVYR conservation voltage reduction

DE distributed energy resource

DERMS distributed energy resource management system
DMS distribution management system

DPE U.S. Department of Energy

DR demand response

DO distribution system operator

FERC U.S. Federal Energy Regulatory Conimission
GWAC GridWise® Architecture Council

Iqu investor-owned utility

LMP locational marginal price

MPM meter data management\(system)

PEC public service commission

PUC public utility commission

P photovoltaic

RTO regional fransmission operator

T&D transmission and distribution

TE(S) transactive energy (system)

T$O ttansmission system operator

VYO volt-var optimization

X2G anything to grid

4 Overview of the roadmap

4.1 General

The GridWise® Architecture Council (GWAC) transactive energy roadmap outlines a vision and
path forward to achieve deployment of transactive energy systems at scale as an operational
element of the electric power system to facilitate the integration of DERs and dynamic end uses,
such as connected buildings. It also considers the application of transactive energy systems
(TESs) for the coordination and control of end uses — for example, in managing energy in
buildings and campuses.
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The roadmap considers drivers of change, triggers for transactive energy system deployment,
and required infrastructure for deployment at scale. Gaps in technology and infrastructure that
could require investment are identified.

The roadmap captures potential changes over time (stages) and organizes them by business
and technical tracks. Within each track, it also groups potential changes into "swim lanes" that
identify what we hope to see, what it takes for this to occur, what we see as a result, and what
these features do to add value.

4, Stages

The roadmap is based on considering what is required to support increasing levels of |[DER
pgnetration in electricity distribution systems. The roadmap considers the overall vision)in’ thr¢e
stages, depicted in Figure 1, primarily characterized by the level of market development around
DER penetration. These stage definitions help the user determine what stage a given, distributipn
system is in, based on how its characteristics align with these definitions. Note that there afe
implications for the relationship between the distribution utilities and the bulk ower system, and
given the regional nature of the bulk power system, all distribution utilities,within a given region
will not usually find themselves at the same stage.

T A
(0]
@ Stage 3:
I Customer Distributed, markets
o adoption .
) Multi-party
y high transactions
. adoption and market
Stage 2: operations
DER integration 3 P
QO
Moderate to @h DER integration
level o and optimization;
Stage 1: a@ion Dist. platform development
Grid modernization 0O,
Low
DER adoption Smart grid investments Distribution
Aging infrastructure refresh system
ﬁ\\v
>
Time

IEC

SQURCE: LBNL+1003797 [3].

Figure 1 — Distribution system evolution

—| Stage 1

In/stage 1, DER penetration is limited. DER value is administratively set (such as in ngt-
metering tarifis). DER has minimal but perceivable effects on distribution system operations.
In the following clauses, this stage is characterized as "persistently demonstrated".

— Stage 2

Levels of DER penetration grow as device prices continue to drop. Net-metering tariffs begin
to be replaced with market interactions that establish the value of the DER assets.
Aggregated DER or large DER assets interact with bulk power markets based on a limited
number of value streams. Effects of DER penetration on distribution system operations are
manageable. In the following clauses, this stage is characterized as "broadly applied".
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— Stage 3

DER penetration grows, affecting distribution system operations and requiring new means for
asset owners to realize return on investment. Combinations (stacks) of value streams are
realized through DER participation in local, distribution-level markets. The stacked value
streams have spatial and temporal variability that reflects operational needs in the
distribution and bulk power systems. In the following clauses, this stage is characterized as
"at scale".

4.3 Roadmap tracks

4.8.1 General

The roadmap tracks generally follow the ISO/IEC TR 15067-3-8 [1] breakdown of considéerations
fof TE systems into the four tracks outlined in 4.3.2 to 4.3.5.

4.3.2 Regulatory and policy

This track describes the actions needed by regulators and other policy makers to enable TE
syistems as envisioned in each of the three stages. The objective of the actions in this track is [to
egtablish an environment that enables transacting parties to understand rules of engagement
arnd compensation in addition to performance requirements (and penalties for non-performance).
The actions also focus on achieving a consistency of approach across jurisdictions, as much as
pqgssible, to promote interoperability. The actions described could be carried out by different
pqlicy-making bodies depending on the individual jurisdictions‘and types of utilities.

~

Many of the actions described in this track support development and implementation actions
dgscribed in the "business models and value realization" track (4.3.3), and to a limited exter
the actions included in the "system design and @architecture" (4.3.4) and "physical and cybpr
technologies and infrastructure" (4.3.5) tracks.

—

43.3 Business models and value realization

This track focuses on the various stakeholders, their roles in TE, and how their business moddgls
nged to evolve for them to provideand realize value in each of the three stages. While the
"rggulatory and policy" track describes the actions policy makers need to take to establish tIe
ngeded TE environment, this. track focuses on the actions to assess and implement need¢d
bysiness model changes by various categories of stakeholders, recognizing that businesgs
mpdel changes include valug propositions on both supply and demand sides.

48.4 System design and architecture

This track focuses~on system design and architecture actions necessary to support each stagg,
sfecifically dealing with information interoperability to support TE valuation, and operation and
cdntrol aspects to understand and manage the effects on the electricity grid. This track depends
or] the business model to describe the content and timing of required information exchan{e

bdtween TE parties. This is where each stakeholder needs to develop or understand thgir
eAisting architecture and their planned architecture, then develop a set of transitional states fo
geTthem there and transition between stages.

4.3.5 Physical and cyber technologies and infrastructure

This track focuses on the changing cyber-physical needs and required actions through the
progression of the three stages. This track addresses the technical layers of the GWAC Stack
and the physical layers of the Control Abstraction Stack as described in ISO/IEC TR 15067-3-8. It
includes the activities aimed at the electrically connected network and the communications
networks that are necessary to monitor and control the electricity grid. This track depends on
the information exchange requirements considered in the "system design and architecture"
track to ensure the ability to exchange information in support of transactions without impairing
the reliability of the electrical network.
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Each of these areas is informed by the drivers for change, such as increased penetration of
rooftop solar, energy storage, electrification of transportation, etc.

4.4 Swim lane definitions

For each of the roadmap tracks, there is a separate table that describes the features of that
track in each of the three stages. Also, for each stage, there are four swim lanes that provide a
more detailed breakdown of the features not only by stage but also by the following different
perspectives.

¢ [ Vision — what we hope 1o see af each siage.
e | Enablers — elements required for the vision to be realized.
¢ | Results — outcomes made possible by new patterns of use.

¢ | Benefits — how these outcomes add value (compared to the status quo).
4.6 Organization of material

Inforder to show the effects of changes based on the use of tracks, stages, and swim lanes, tHis
dgcument is organized into clauses based on tracks. In addition to the€ ttacks mentioned abovg,
Clause 4 gives an overview that captures some of the key concepts from the other tracks.| It
prpvides an executive summary for the roadmap.

cgnsidered important to represent in that clause. Thesekcore concepts state the fundamenfal
cqncept in as timeless (stage-free) a manner as possible so that one can then apply the
cqncept by stating how it manifests through the stagées. These manifestations are arranged [in
taples. Also included in the core concepts are candénsed encapsulations of the TE principlgs
dgscribed in ISO/IEC TR 15067-3-8:2020, 6.4 [1}.

Af the start of each subclause in Clauses 5 to 8 is a list of threge to five main concepts that weire

W{ithin each clause there are four tables, one for each swim lane. Each row in a table captur¢s
sgmething that represents a change or evolution occurring over time, with three columns fto
dgscribe what is seen in stages 1, 2, and 3, as the examples in Table 1 to Table 4 show.

Table 1 — Example vision table

Vision Stage 1 Stage 2 Stage 3
What we hope to Persistently Broadly At scale
see at each'stage demonstrated applied

Early scenario 1

Mid scenario 1

Late scenario 1

Early scenario 2

Mid scenario 2

Late scenario 2

Early scenario 3

Mid scenario 3

Late scenario 3

Table 2 — Example enablers table

Enablers

Elements
required if the
vision is to be

realized

Stage 1

Persistently
demonstrated

Stage 2

Broadly
applied

Stage 3

At scale

Early scenario 1

Mid scenario 1

Late scenario 1

Early scenario 2

Mid scenario 2

Late scenario 2

Early scenario 3

Mid scenario 3

Late scenario 3



https://iecnorm.com/api/?name=5c853faf876845eac06470b0d51b0795

- 12 —

Table 3 — Example results table

ISO/IEC TR 15067-3-7:2020
© ISO/IEC 2020

Results

Outcomes made
possible by new
patterns of use

Stage 1

Persistently
demonstrated

Stage 2

Broadly
applied

Stage 3

At scale

Early scenario 1

Mid scenario 1

Late scenario 1

Early scenario 2

Mid scenario 2

Late scenario 2

Early scenario 3

Mid scenario 3

Late scenario 3

The core concepts provide a means to check for gaps (where a concept has not been invoke
orl duplication (where a concept has been used multiple times). Although the core concep

Table 4 — Example benefits table

Benefits

How these
outcomes add
value

Stage 1

Persistently
demonstrated

Stage 2

Broadly
applied

Stage 3

At scale

Early scenario 1

Mid scenario 1

Latéscenario 1

Early scenario 2

Mid scenario 2

Late scenario 2

Early scenario 3

Mid scenario 3

Late scenario 3

ts

prpvide a basis for verifying the completeness of the initial draft of the roadmap, multiple
injocations of concepts are inevitable in cases where different rows have different scope hut
sgme overlap.

4.6 Core concepts

4.6.1 General

Each section in this roadmap includes relevant core concepts (also described in Annex A) thiat
state the fundamental concepts_in as timeless (stage-free) a manner as possible for each tragk
of[the roadmap.

4.6.2 Questions to.bear in mind

It can be helpful for,users to consider the following questions based on the core concepts as this

dg
ta

bles less gonceptual and more concrete.

Can<you describe how the consistency of regulation across jurisdictions affects the minimy
requirements for implementing transactive systems both locally and regionally?

cument is being read. These or other interrogatives can help make some of the entries in the

m

and-interjurisdictional-market-monitoring—and-oversightfunctiod

S,

how shall directives be issued and who should be responsible for enforcing them?

What types of incentives and opportunities for transactive energy systems do you think might
exist in the next two to three years and who do you think should be accountable for standards
of performance?

Can you explain how to ensure that the alignment of business model values across the
participating entities is observable and auditable?

From a TES perspective, what do you think are the important elements to include in any
standard set of definitions and structure for interfaces for anything-to-grid (X2G) operations
at all levels?

Do you think the interactions with buildings and customer-managed grid within a building or
campus will be featured more prominently over time, and if so, what will be the drivers?
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What needs to happen to enable modelling and simulation solutions for TESs to produce

consistent results with each other and allow them to exchange data?

How do you think the devices participating in TESs can support better measurement,

verification, and situational awareness of the electricity grid?

What sort of markets and benefits might emerge that TESs can support in terms
distributed devices securely integrating their actions into control schemes?

of

What type of advances and services do we need that will enable consumer devices to

support sub-cycle to long-term market activities including operations support?

E
b
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dd
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4.f.3 Benefits and enablers summary
c

nefits and enablers from each track. Most of the roadmap comprises tables showing t
olution of several concepts. Since this involves a large amount of information, tthis overvig

rm of a summary.

e examples in the tables were offered by the committee membenrs who developed th
cument. There are undoubtedly additional scenarios that could bé\.added to this docume
d these will naturally occur as technology, regulation, and busineSses evolve.

stomer base of TE expands as adoption scales up.

Regulatory and policy

1 General

is track describes the actions needed.by’regulators and other policy makers to enable T
stems as envisioned in each of the three-stages. The objective of the actions in this track is

d compensation in addition -to- performance requirements (and penalties for ng
rformance). The actions also,.focus on achieving a consistent approach across jurisdictio
much as possible to promate” interoperability. The actions described can be carried out

ferent policy-making bodies-depending on the individual jurisdictions and types of utilities.

any of the actions_described in this track support development and implementation actio

tions included injthe "system design and architecture" and "physical and cyber technologi
d infrastructure" tracks. Regulatory and policy enablers and benefits are illustrated
gure 2.

h of Clauses 5 to 8, which represent the four tracks, begins with an overview of selectId

esents a few examples of benefits and enablers for each track and presefits them in the

tablish an environment that enables>transacting parties to understand rules of engagement

e
w

is
Int

should be noted that, as the effects of DER increase and(opportunities for TESs arise, the

E
to

1S

scribed in the "bUsiness models and value realization" track, and to a limited extent, the

bS
in
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BENEFITS

Well defined

Utility business

Wholesale interface
del d
participation of R D) to include DSO
DER through and NARUC services and
aggregators e (\ transactions

5.

re
er
bg

low.

interface.

REGULATORY and POLICY

Figure 2 — Example benefits and enablers for the "regulatory and policy" track

P  Vision — what we hope to see-at each stage

The vision(s) consists of conditions we expect to be realized over time as they relate fto
gulatory and policy actions,_by regulators and other policy makers to enable TESs as
visioned in each of the three stages. The main regulatory and policy (RP) concepts are listed

RP1 — Retail power 'markets are supported with non-discriminatory participation.
RP2 — Regulation and minimum requirements are consistent from state to state.

RP3 - Infarmation and value (including real-time retail tariffs) are dynamically exchang
between‘wholesale and retail markets across the transmission and distribution (T&D)

Utilities conduct Coordinated

Documented

hosting capacity regulation

markets or studies and post faGilitating
opportunities results for regional

across the T&D prosumer transactive

interface

decisions €nergy systems

ENABLERS

IEC

bd

RP4/— Intra- and interjurisdictional market monitoring and oversight functions are descride
in“policy (and regulation)

Characteristics of the regulatory and policy vision at each stage are shown in Table 5.
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Table 5 — Regulatory and policy vision (RPV)

DER interactions, where allowed,
mainly through aggregators, with
no change in legacy market
products and services developed
for the capabilities of
conventional bulk generation /

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale
RPVO01 Wholesale market transactive The existence of a well-defined |Enhancement of bulk

T&D interface from a regulatory
and market perspective that
allows both a distribution-level
market for individual participants
and participation in the wholesale
market for qualifying participants

power/wholesale market rules to
align system operational needs
with market-based incentives.

system operation resources.

RPV02 Questions from policy makers Several jurisdictions create Some jurisdictions have retail
regarding when and how to regulatory support for retail transactive energy market
create transactive retail markets. |energy (and derivative) markets. |regulations with (mostly)

consistent requirements and
terminology.

RPV03 Transactive exchanges available |Evolution of new bulk power / Transactive-DER participation i
in bulk-power bilateral and wholesale products and services |bulk-powérand wholesale
centralized wholesale markets, |(flexibility reserves, ramping, markets‘based on bids and
stopping at the T&D interface, primary frequency response, offers)
with exceptions. synthetic inertia) along with

provisions for DER assets to
provide such services.

RPVO04 Limited use of TE in distribution |Geographic footprints of TE End-to-end transactive
except for pilots and proofs of trades expand over larger-areas [exchanges among prosumers
concept. of the country, creating within different layers of the

opportunity for wide-s¢ale power |distribution system as well as
purchase agreements. across the T&D interface.

5.8 Enablers — elements required if the yision is to be realized

Enablers are the elements that need tebe in place to support and facilitate actions
regulators and other policy makers to enable TE systems as envisioned in each of the thr¢e
hges. The main policy concepts are isted below.

st

o | RP1 — Support exists for retail-power markets with non-discriminatory participation.
o | RP2 - Regulation and mipimum requirements are consistent across jurisdictions.

e | RP3 — Information andvalue (including real-time retail tariffs) are dynamically exchanged
between wholesale and retail markets across the T&D interface.

¢ | RP4 — Intra- andyinterjurisdictional market monitoring and oversight functions are describg¢d
in policy (and(regulation).

C

naracteristics of regulatory and policy enablers at each stage are shown in Table 6.

Py
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Table 6 — Regulatory and policy enablers (RPEs)

Stage 1 Stage 2 Stage 3
Reference
Persistently demonstrated Broadly applied At scale
RPEO1 Understand what cyber needs Balanced need for big data and |Security, privacy, and non-

will be and determine cost of
policies to correct inequities or
barriers to access.

more sophisticated grid-edge
data analysis with consumer
privacy concerns and security.

discriminatory participation are
addressed in policy at all levels.

RPEO2 Analysis of steps required to Prioritized list of Common distribution system
enable T&D integration through |interjurisdictional regulatory operator (DSQO) approaches allow
rate-making policy. barriers between distribution consistent T&D integration.

markets to address.

RPEO3 Documented opportunities and Opportunities and value Minimum standards identified td
value proposition of markets proposition for markets across allow for basic consistéency of
each side of the T&D interface. |the T&D interface. market rules between

jurisdictions.

RPEO4 Minimal regulatory changes, but |Active regulatory involvement, Coordinated regulatory
increased attention, including and new regulations to enable involvement opening the way fof
development of streamlined TE. regionahTESs.
interconnect agreement(s).

RPEO5 Insights into operational cost Identify how cost and benefits Obligation to serve redefined fof

inform how charge, billing, and
rate structure can cover the
overhead transaction costs and
identify incentives, regulations,
and dynamic rate definitions.

are being created and
distributed, and how to police
bad actors where necessary;
possibly through software-
defined rates and smart.
contracts.

TE markets.

5.

Pdg

C

Table 7 —\Regulatory and policy results (RPRs)

Results — outcomes made possible by new patterns of use

T?rese results are important for realizing the benefits that can be created by regulators and other
licy makers to enable TESs as envisioneddin each of the three stages

haracteristics of regulatory and poliey results at each stage are shown in Table 7.

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

RPRO1 Lack of'‘consumer guidelines for |Interest in development of Consumer guidelines for

participation in TE systems. consumer guidelines for participation in energy and
participation in services offered |ancillary services markets.
by DSOs.

RPR02 Limited awareness but growing  |Active support from some Emergence and persistence of
interest in TE from policy makers. |jurisdictions allows recovery of |retail TE markets.

some approved utility costs to
encourage TE.

R RUS Rule Cridrnges 1o permit aciridnd-[Growltn Or CUsLoITer pdllibipdliull Uylldllli(. leuing PDEIWECIT UOoUS
side participation in wholesale in grid management through and TSOs to support markets and
markets. ancillary services and reliability |reliability.

coordination.
RPRO04 Utility business models largely Utility business models expand to |DSO role is fully
unchanged. include DSO transactions and |distinct/disaggregated from the
services. utility role, with some DSOs
merging to perform regional
services.

RPRO05 Quantification of cost of policies |Regulatory requirements for Common security, privacy and
to correct inequities or barriers to |consumer privacy and security. non-discriminatory participation
access. policies for all DSO markets.
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5.5 Benefits — how these outcomes add value

These are benefits that can be shaped by regulators and other policy makers as DER
penetration increases through each of the three stages. The main policy concepts are listed

below.

RP1 — Support exists for retail power markets with non-discriminatory participation.

RP2 — Regulation and minimum requirements are consistent from state to state.

RP3 — Information and value (including real-t

ime retail tariffs) between wholesale and retail

¢ | RP4 — Intra- and interjurisdictional market monitoring and oversight functions are described

in policy (and regulation).

Characteristics of regulatory and policy benefits at each stage are shown in Table)8.

Table 8 — Regulatory and policy benefits (RPBs)
Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

RFPBO1 Policy makers recognize the DERSs provide opportunities for*-|Changes to the regulatory
need for regulatory changes to |(distribution-level revenue process by some jurisdictions
address DER integration. generation through provision of |provide tangible foundations f¢r

grid services. more change.

RFPBO02 Understanding of equity or Regulatory definition, of Sharing of best practices and
barrier-to-access costs allows |consumer privacy ‘and security |common policies for DSO
policy-making to develop new [requirements-create markets creates opportunities
models. opportunities\for service for shared services and servicge

providers. provider growth.

RFBO3 The benefits from or need for  |Consumer awareness of the Enhanced flexibility to support
demand-side resources to complications of grid operation [reliability.
participate in grid services are .Jandthe benefits of participation.
recognized.

RFPB0O4 Provides confidence in TE.@as»a [Provides the capability to Enables energy trading and
viable/integration solution-with [regulate (and deliver) the same |[service provision through
potential for customer, benefits. |grid services on either side of, jcommon services and rules.

and across, the T&D interface.

RFBO5 Creates the perception of \Valuation of electricity as a Optimizes value at a personal
electricity as ‘a service with service creates a foundation for |community, and distribution
value, as_ opposed to being innovation. system level for specific needs.
taken for. granted.

RFPBO6 Messaging developed in each  [Benefits of TE systems well Benefits of TESs well
relevant area for how to preparejunderstood in general by policy understood in general by
the public and stakeholders for |makers with respect to creating [consumers with respect to
effects of DERs, and how and |more flexibility and value. creating more flexibility and
why to tolerate them, in stages value.

2 and 3.

6 Business models and value realization

6.1 General

This track focuses on the various stakeholders, their roles in TE, and how their business models
need to evolve for them to provide and realize value in each of the three stages. While the
"regulatory and policy" track describes the actions policy makers needed to establish the TE
environment, this track focuses on actions to assess and implement business model changes
by various categories of stakeholders, recognizing that business model changes include value
propositions on both supply and demand sides. Business model and value realization benefits
and enablers are illustrated in Figure 3.
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BENEFITS

Low DER
penetration with
minimal impacts.

DER participation in
markets supplement
conventional grid
services and defer

distribution
\ infrastructure

High DER
penetration drives
new operational
models and provides

\ new sources of
revenue

Use of DER for
distribution
reliability

algmentation @

Net energy metering
and DER incentives
for consumers
create increasing
number of savvy
consumers /
prosumers

Distribution system
platforms enable
new services to

prosumers to
maximize returns on
théirinvestments

Rules pave the way
for increased
participation of DER
in bulk and state
power markets

BUSINESS MODELS and VALUE REALIZATION

ENABLERS

IEC

Figure 3 — Example benefits and enablers for
the "business models and value realization" track

6.2 Vision — what we hope to see at each stage

The vision(s) consists of conditions  we expect to be realized over time as they relate fto
bysiness model changes to enable TESs to evolve and realize value in each of the three stage
The main business model (BM)_and value concepts are listed below.

o

e | BM1 — Incentives andlopportunities exist for all stakeholders with all parties accountable fpr
standards of performance.

e | BM2 — A mean§ exists to optimally assign value when comparing alternatives (for example,
wired and non-wired alternatives).

o | BM3 — Business models align values across the participating entities in an observable anfd
auditaptesmanner.

e | BM4'="Opportunities exist for value creation (services) across multiple streams.

Characteristics of the business model and value realization vision at each stage are shown|in
Table 9.
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Table 9 — Business model and value realization vision (BMV)

- 19—

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

BMV01 Limited use of demand response |DER transactive participation Proliferation of bilateral peer-to-
(DR) for distribution capacity based on capacity auctions peer forward transactive
relief and utility DR programmes. |primarily to defer infrastructure  |exchanges among prosumers,

upgrade. including microgrids, building
energy management systems
(BEMS), etc.

BMV02 Main economic use of DERs for |Evolution of distribution-level Distributed ledgers and smart L
load shifting or peak shaving products and services that contracts offer the opportunity.
using aggregators and direct optimize value for incentivized build new models on top ©fthe
control. stakeholders (phase balancing, |existing infrastructure.

distribution constraint relief
services, etc.).

BMVO03 DERSs are used for local Transactive exchanges across Evolution of DSOs into pseudo-
generation and reliability the T&D interface, mainly for balancingentities at the T&D
augmentation without use of large consumers and prosumers, |interfac€ while accommodating
transactive systems. and through intermediaries such |peer-to=peer bilateral exchangeg

as aggregators for smaller across the distribution system.
prosumers.

BMV04 The need to develop business Business model simulation and Tools are available to model valfie
model simulation and valuation valuation techniques begin te_be, |flow to support business model
techniques is recognized. developed for TESs and DERs: simulation and valuation from

different stakeholder
perspectives.

6.3 Enablers — elements required if the vision\is to be realized

Emnablers are the elements that need to be in-place to support and facilitate actions by vario
stpkeholders, their roles in TE, and how their business models need to evolve for them
prpvide and realize value in each of the{three stages. The main business model and valle

replization concepts are listed below.

¢ | BM1 — Incentives and opportunities exist for all stakeholders with all parties accountable f
standards of performance.

e | BM2 — A means exists to_optimally assign value when comparing alternatives (for exampl
wired and non-wired alternatives).

o [ BM3 — Business models align values across the participating entities in an observable and
auditable manner,

gble 10

BM4 — Oppeortunities exist for value creation (services) across multiple streams.

CharacterijstiCs of business model and value realization enablers at each stage are shown
T

g
to

e,

in
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Table 10 — Business model and value realization enablers (BMEs)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

BMEO1 DER penetration is sufficient to |Transactive exchanges across |Local and regional platforms for
provide tangible benefits from |[the T&D interface enable energy and service exchanges
integrated use. evaluation of results and (markets).

evolution of capabilities.

BMEO02 Management of capacity and Increased DER participation as [Peer-to-peer exchanges among
spinning reserves allow for capacity and spinning reserves |prosumers, microgrids, and
DER participation. are based on DER peer-to-peer |BEMSs contribute to additiond!

agreements. services markets.

BMEO3 Aggregators and direct control |Distribution-level products and |Incentives and opportunities
make effective use of DR. services that are based on DR |exist for business models

are defined. based on multiple value
streams from DR,

BIMEO4 DER opportunities available for |External business opportunities |Business opportunities expose¢d
buildings to utilize are handled |exist for DER owners to throughmarket interfaces can
locally. consider. be created by all types of

parties.

BMEO5 Stakeholders determine which |The potential for addressing New TESs include modelling
benefits and values are spoofing and bad actors from ( |fair operation and game theor
monetizable and which are technology and economic as part of preoperational
primarily for public good or to  [standpoints is built into the simulations.
reduce negative consequences. |business model.

BMEO06 Limited early interest from Ability for consumer électronics |Appliance capabilities from

consumer electronics
companies.

to interact on a broad basis
locally.

consumer electronics
companies allowing interaction
with market signals is the norj

=]

replization concepts are listed below.

Results — outcomes made possible . by new patterns of use

6rr

These are results that are important to ‘realize the benefits that can be created for vario
stpkeholders, their roles in TE, andchow their business models need to evolve for them
prpvide and realize value in each-of the three stages. The main business model and val

IS
to
e

e | BM1 — Incentives and opportunities exist for all stakeholders with all parties accountable for

e | BM2 — A means eXists to optimally assign value when comparing alternatives (for exampl
wired and non-wired alternatives).

e | BM3 — Business models align values across the participating entities in an observable and
auditablesmanner.

e | BM4 <.Opportunities exist for value creation (services) across multiple streams.

ble”11

standards of performance.

naracteristics of business model and value realization results at each stage are shown |i

o



https://iecnorm.com/api/?name=5c853faf876845eac06470b0d51b0795

ISO/IEC TR 15067-3-7:2020
© ISO/IEC 2020

Table 11 — Business model and value realization results (BMRs)

- 21 -

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale
BMRO1 Aggregators create viable DSOs start to become "Aggregators" offering business
market opportunities and established. models based on multiple value
services. streams move into DSO space.
BMRO02 Participation is attractive for the |Participation is attractive for Widespread participation drives
more affluent. many consumers. rethinking the scope of obligation
to serve as all stakeholders will
have more responsibility for
power.
BMRO3 Current business models or A variety of changes and new Regulations are used to
revenues unchanged. business models implemented. |quantifiably compare proposed
wired and non-wired solutions.
BMRO04 Several varieties of TES More standardization of TES Many sizes and types of TES
designs. designs. designs, based on common core
principles:
BMRO5 DR demonstrated for distribution [DER TESs demonstrate financial |Prosumers, microgrids, and
capacity relief. and reliability benefits of buildings realize broad benefitd
deferred infrastructure upgrades. |[from TE through the use of
DERs.
BIMRO6 Effective use of DERs for load Non-utility assets actively Sophisticated, coordinated
shifting or peak shaving. providing phase balancing, actions integrated with financigl
distribution constrainttelief benefits and incentives through
services, etc. the use of smart contracts.
6.6 Benefits — how these outcomes add value

These are benefits that can be created “through business model evolution for varios
sthkeholders as DER penetration increasés through each of the three stages. The mdin

bysiness model and value realization con¢epts are listed below.

e | BM1 — Incentives and opportunities’ exist for all stakeholders with all parties accountable fpr
standards of performance.

e | BM2 — A means exists to optimally assign value when comparing alternatives (for example,
wired and non-wired alternatives).

o | BM3 - Business models align values across the participating entities in an observable apd

3

=0

ble 12.

auditable manner.

BM4 — Opportunities exist for value creation (services) across multiple streams.

haracteristics:"of business model and value realization benefits at each stage are shown [in
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Table 12 — Business model and value realization benefits (BMBs)

TE Systems Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

BMBO1 People start considering and Best practices start to develop |Standards for TESs create a
looking for non-traditional and drive standards for TE. platform for more technical and
solutions such as TE for DERs. fiscal innovation.

BMBO02 Very limited or no ability to Grid resilience increases by Flexible and cost-effective
balance supply and demand integrating distribution and ancillary services exist due to
from individual distribution transmission actions using policy incentives for transactive
feeder phases to transmission [limited market integration integration.
circuits. across the T&D interface.

BMBO03 DR recognized as an effective |TE systems create multiple TE provides an enging)for
grid resource. value streams from DR. service innovation,

BMB04 Appearance of new participants |The existing utility monopoly Markets adapt to/favour those
in grid and market operation. business model and regulatory |who create the most value.

process are challenged as new
business requirements drive the
need for new business models.

BIMB05 Buildings and campuses find Buildings and campuses start to|Parties of all types work
value in stand-alone solutions. |work together with common together with value creation

interests. and exchange as the driver.

BIMB06 Insights gained into which Early operational cost and Greater opportunities for valug
markets, sales-channel entry revenue lessons learned creation through convergence
points, and approaches are highlight overhead transaction |of residential, commercial, andl
likely to be most enduring. costs and how to valuethem. industrial buildings.

BMBO7 Prosumers incentivized by Prosumers incentivized by Prosumers incentivized by
centralized, local-level signals. |local- and regional-level peer-to-peer signals.

signals.

BIMB08 DERSs provide ability to DERs c¢reate revenue and Investment capital drives
generate revenue. attractinvestment capital. innovation in business models.

BMB09 The need for simulation of Business model simulation and |Tools are available to model
business models and valuation ‘Jvaluation techniques begin to  |value flow and business modd|
techniques is recognized. be developed for TESs and simulation from different

DERs. stakeholder perspectives.

7| System design and-architecture

7.1 General

This track focuses on system design and architecture actions necessary to support each stage,

specifically dealing with (1) information interoperability to support TE valuation, and

(2)) operatiofi“fand control aspects to understand and manage the effects on the electricity grid.

This track\depends on the business model to describe content and timing of required informatipn

ejchapge among TE parties. This is where each stakeholder needs to develop or understand

th of

.O‘ <1010 all On pDe ANAa enaplers

are illustrated in Figure 4.
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BENEFITS

Design of TE Standardized

Theory and

syste_mt_using logic for design d_eiigns and EER
existing - of scalable TE interconnection
structures with processes for TE

systems

limited DER systems

Standardized
structures and
interfaces improve
modelling and
simulation
capabilities for
evaluating TE
systems

Results from
modelling and field
trials{ and
interoperability
standards

Modelling and
simulation tools
extended with
standardized value
mechanisms

SYSTEM DESIGN and ARCHJTECTURE

ENABLERS

IEC

>~

Higure 4 — Example benefits and enablers forthe "system design and architecture" trac

7.2 Vision — what we hope to see at each stage

The vision(s) consists of conditions, we*expect to be realized over time as they relate to design
and architecture activities necessary to support each stage, specifically dealing with
(1) information interoperability to@upport TE valuation, and (2) operation and control aspects’Fo
urjderstand and manage the “effects on the electricity grid. The main design anpd
architecture (DA) concepts are’listed below.

o | DA1 — A standard set of definitions and structure develops for interfaces with XZ4G
operations at all-levels.

e | DA2 — Systems transition from centralized to decentralized based on highly coordinatéd
self-optimization.

o | DA3 —Reliability and control are assigned value when integrated into all TE systems that
interact with the grid.

o | DA4 — Buildings and facility-grids have more prominent roles over time.

o —DAS — Modelting and simufation sotutions for TE SyStems produce mutually consistent resuits
and can exchange data.

Characteristics of the system design and architecture vision at each stage are shown in
Table 13.
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Table 13 — Design and architecture vision (DAV)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

DAVO01 The grid consists of The grid consists of a collection |Standardized interfaces create
transmission and distribution of independent or semi- reusability of applications at all
with interfaces driven by local |independent systems operating |levels within the grid.
interconnection requirements. |in a coordinated way.

DAV02 Characterized by centralized Mix of centralized and Distributed system operations
distribution control by utilities. |distributed control still largely |and controls coordinated via

using centralized optimization [DSO with all stakeholders
across service territory with across the region.
utility beginning to act as DSO.

DAVO3 Local management of DERs at connected buildings Distributed optimization of
transactive systems used to interact with the grid, enabled |buildings and other DER
optimize behind-the-meter by TESs. facilities supports reliability ard
building, campus, and microgrid resilience.
value.

DAV04 Local devices respond to grid |Local device behaviour is a mix |Stochasti¢c optimization? is

events on a deterministic basis.

of deterministic and stochastic,
requiring modelling and
simulation.

employed as a means of morg
accurately accounting for
uneertainties in interactions
(and simulations) across a
large number of devices and
participants.

@ | Stochastic optimization refers to the minimization (or maximization) af-a)function in the presence of randomness|in

the optimization process. It should include financial risk managementitools and approaches.

7.8

Enablers — elements required if the vision is to be realized

Emnablers are the elements that need to be in‘ptace to support and facilitate system design and
architecture actions necessary to support-each stage, specifically dealing with (1) informatipn
interoperability to support TE valuation, and (2) operation and control aspects to understand and

mpanage the effects on the electricity grid. The main design and architecture concepts are listg¢d

bglow.

e | DA1 — A standard set .of definitions and structure develops for interfaces with X4G
operations at all levels.

o | DA2 — Systems transition from centralized to decentralized based on highly coordinate¢d
self-optimization,

o | DA3 — Reliability/ and control are assigned value when integrated into all TE systems thiat
interact with, the grid.

o | DA4 - BUildings and facility-grids have more prominent roles over time.

DA5 = Modelling and simulation solutions for TESs produce mutually consistent results and
cah exchange data.

=0

riatl £
Mouvo Ul


https://iecnorm.com/api/?name=5c853faf876845eac06470b0d51b0795

ISO/IEC TR 15067-3-7:2020
© ISO/IEC 2020

— 25—

Table 14 — Design and architecture enablers (DAEs)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

DAEO1 Pilot applications involve a Standardized models of Broadly applied TESs optimize
limited number of prequalified |transactive system nodes allow |locally but coordinate actions
partners with proprietary more partners with increasingly |by valuing control as a key
solutions. open solutions and exchanges |parameter.

of value.
DAEO2 Centralized control schemes. Creation of early DSOs and Building management systems,
distributed control schemes. microgrids, and other devices
include support for coordinatign
with distributed control
schemes.

DAEO3 Local interconnection Common interconnection Grid interfaces are
requirements enable DER requirements enable standardized using specific
connections. participants to operate more required elements.

easily in multiple locales.

DAEO4 Quicker, more efficient Modelling and simulation of Modelling/tools available for
distribution modelling and bidirectional power and DER microgrids provide for federated
forecasting techniques. events. miodelling capabilities.

DAEO5 Interoperability addressed General models of transactive( |Standards developed
through definition of basic nodes defined, including supporting general models of
information exchanges between |interfaces between nodes and |transactive nodes and low-cogt
transactive nodes. between nodes and other integration of transactive nodgs

elements including DERS. and components.

DAEO6 DER implementations start to  |Wired and non-wired designs Increased islanding capability
cause design modifications to |are developed/to adapt to supported by DERs creates
existing infrastructure. future scenafries. opportunities for TESs at scalg.

DAEOQ7 The integration of DERs helps |Microgrids‘created from the Coordinating microgrids is a
popularize campus microgrids. |distribution grid or installed as |central part of managing

an overbuild network with new |distribution grids.
wifes.

Results — outcomes made-possible by new patterns of use

7rr

These are results that are.important to realize system design and architecture changeés
ngcessary to support evolution'at each stage; specifically deals with information interoperability
to| support TE valuation,(and operation and control aspects to understand and manage the
effects on the electricity'grid. The main design and architecture concepts are listed below.

o [ DA1

e | DA2 — Systems transition from centralized to decentralized based on highly coordinatéd
self-optimization.

o | DA3)~ Reliability and control are assigned value when integrated into all TE systems that
interact with the grid.

— A standard set of definitions and structure develops for interfaces with X4G
operations at all levels.

e DA4 - Buildings and facility-grids have more prominent roles over time.

e DAS5 — Modelling and simulation solutions for TESs produce mutually consistent results and
can exchange data.

Characteristics of system design and architecture results at each stage are shown in

Table 15.
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Table 15 — Design and architecture results (DARS)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

DARO1 Local reliability and control DSOs appear in a few Significant numbers of DSOs

managed by utilities. jurisdictions, enabling DERs to |result in highly coordinated self-
provide reliability and control optimization for buildings and
benefits. local grids (campuses, facilities).

DARO02 Technical capabilities of TESs Increased scale of TESs includes [Large-scale deployments
proven at local level. diverse value systems that prove |monetize control as a key

the optimization methods. parameter to be optimized with
other goals.

DARO3 Raising awareness of device and |Increased awareness of Interoperability of policyjand
system interoperability drives interoperability for system regulation. Certification for
interest in interoperability modelling and simulation interoperability maturity.
measurement. capabilities (co-simulation data

exchange).

DARO4 Support for transactive systems |Support for transactive systems |Supportfor transactive systems
for campuses, microgrids, and for non-contiguous sites. in most, system and market
buildings. designs.

DARO5S Implementation of CVR, VVO and |Bidirectional power and voltage |Federated modelling capabilitiep
phase balancing based on central |management by coordinating based on the ubiquity of TESs tq
control. DER activities and ancillary create value and flexibility.

services through TESs.

DARO6 System designed for peak load, |TESs permit designs far-higher  [New designs incorporate TESs
lower load factors. load factors and deferred as de facto elements.

upgrades.
7.6 Benefits — how these outcomes add value

These are system design and architecturesbenefits that can be created as DER penetratipn
intreases through each of the three stages. The main design and architecture concepts are
ligted below.

e | DA1 — A standard set of definitions and structure develops for interfaces with X4G
operations at all levels.

e | DA2 — Transition from.centralized to decentralized systems based on highly coordinated

self-optimization.

o | DA3 — Reliability_and control are assigned value when integrated into all TE systems that

¢ | DA4 - Buildings and facility-grids feature more prominently over time.

3

=0

ble”16.

interact with the grid.

DA5 — Moedelling and simulation solutions for TESs produce mutually consistent results and
can exchange data.

naracteristics of system design and architecture benefits at each stage are shown |in
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Table 16 — Design and architecture benefits (DABS)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

DABO1 Recognition that proprietary Standardized definitions and Including value in grid interfaces
solutions produce local benefits |structure develop for interfaces  |and valuing control explicitly
but have limited coordination that include value, driven by TES |leads to less congestion.
capabilities. coordination.

DABO02 Predictable performance supports|Hybrid of deterministic and Improved modelling and
centralized architecture. stochastic behaviour drives new |simulation capabilities support

modelling and simulation better designs that use stochastlic
capabilities. optimization to reduce
uncertainties.

DABO3 Increased awareness of TESs as |Lessons learned from increasing  |Grid architecture beeomes much
a solution for both local numbers of TESs that coordinate  |more flexible as it.includes and
optimization and community remote sites and organizations with |coordinates many_distributed
coordination. each other. TESs.

DABO4 Quick and affordable ways to get |Improved modelling creates Coordination between
consumers interacting with the opportunities for much more stakehelders using TESs create
grid. decentralized and customer- market opportunities beyond the

driven solutions. grid,

DABOS Does not require changes to the |Acts as a catalyst for design Provides a foundation for new
current utility business and change across the T&D designs for system architecture
regulatory structure boundary. and energy services.

DABO6 Increasing interest in DER interface standardization Reduced integration cost for
interoperability driven by need to |reduces the need to;modify DERs decreases costs to deplo
integrate DERs. existing systems to-interoperate |and integrate new TE systems.

with them.

8

This track focuses on the changing cyber-physical needs and required actions through the
prpgression of the three stages:. This track addresses the technical layers of the GWAC Stagk
and the physical layers of the/Control Abstraction Stack3. It includes the activities supporting
the electrically connected network and the communications networks necessary to monitor a’]:
cqntrol the electricity grid! This track depends on the information exchange requiremenft
cgnsidered in the "system design and architecture" track to ensure the ability to exchange
information in support of transactions without detrimentally affecting the reliability of the
elgctrical network Enablers and benefits of physical and cyber technologies and infrastructufe

General

8| Physical and cyber technologies and infrastructure

d
S

are illustrated in _Figure 5.

3 Control abstraction is the abstraction of actions. The Control Abstraction Stack referenced in ISO/IEC TR 15067-3-8 1]
helps put the concept of cyber-physical systems in context for TE management.
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BENEFITS

DSO platforms
facilitate TE
exchanges of
prosumer devices
with limited grid

connectivity

DSOs provide
market platforms
with customer
DER coordination

through TES

AMI, etc. improve
observability of
lower-cost DER

Automation and System modelling

Prosumer devices

sensors on _ | and sensors Use
distribution system included in system continuous/closed
with limited sensing; loop systems with

widespread info on
distribution system
and DER

rich information on
the distribution
system

generation (solar
PV with some
wind)

PHYSICAL and CYBER TECH and INFRASTRUCTURE

ENABLERS

IEC

Figure 5 — Example benefits and enablers for the "physical
and cyber technologies and infrastructure” track

8.2 Vision — what we hope to see at each stage

The vision(s) consists of conditions\we expect to be realized over time as they relate to physidal
and cyber technologies and infraStructure changes aimed at the electrically connected netwqrk
and the communications networks that are necessary to monitor and control the electricity grid.
The main physical and cyberiechnologies and infrastructure (PC) concepts are listed below.

¢ | PC1 — Measurement, .verification, and situational awareness have been improved.

e | PC2 — Affordability of devices and communications enables scalable, adaptable, anpd
extensible deployment.

e | PC3 — Disfributed devices are securely integrated into control schemes.

e | PC4 .~_Consumer devices can support sub-cycle to long-term activities (markets and
operations).

o [ \PC5 — Explicit, well-defined trust models that define identity, authentication, service-leVel
agreements, and privacy are built into ail TE Systems.

Characteristics of the physical and cyber technologies and infrastructure vision at each stage
are shown in Table 17.
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Table 17 — Physical and cyber technologies and infrastructure vision (PCV)

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale
PCVO01 Proliferation of advanced Evolution of DSOs with DSO construct realized at scale
metering infrastructure (AMI) or |distributed system platforms with distribution market platforms
other measures to improve primarily using distributed energy |and broad awareness of effects
visibility of DERs to DSOs. resource management systems across the T&D interface.

(DERMS) and advanced
distribution management systems
(ADMS), and facilitating new

transactive exchanges.

PEV02 Deployment of distribution Enhancement and evolution of Distribution state estimatorsiang
management systems (DMS) and |DMS and ADMS for better phasor measurement systems in|
ADMS by most utilities. Limited |situational awareness and use for distribution systems and
circuit switching capability. control. Automated switching for |used in TES optimization.

more distribution circuits.

PCV03 Cost of smart devices for use by |Proliferation of low-cost prosumer |Customer and.facility devices agd
utilities continues to drop, driving |devices leads to improved local |control systems coordinate with
broad deployment. control systems and limited utilitiessand DSOs through TES}s.

connectivity to grid systems.

8.8 Enablers — elements required if the vision is to be realized

Emnablers are the elements that need to be in place to support and facilitate activities aimed jat
the electrically connected network and the communications networks that are necessary [to
mpnitor and control the electricity grid. The main, physical and cyber technologies and
infrastructure concepts are listed below.

¢ | PC1 — Measurement, verification, and situatienal awareness have been improved.

e | PC2 — Affordability of devices and cemmunications enables scalable, adaptable, and
extensible deployment.

e | PC3 - Distributed devices are securely integrated into control schemes.

e | PC4 — Consumer devices can' support sub-cycle to long-term activities (markets and
operations).

e | PC5 — Explicit, well-defined trust models that define identity, authentication, service-level
agreements, and privacy are built into all TE systems.

Characteristics of physical and cyber technologies and infrastructure enablers at each stage
are shown in Table. 18.
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Table 18 — Physical and cyber technologies and infrastructure enablers (PCEs)

established for standards
compliance.

Reference Stage 1 Stage 2 Stage 3
Persistently demonstrated Broadly applied At scale

PCEO1 Automation and utility sensors Prosumers and non-utility devices|System is continuously monitored
established on the distribution are included in system sensing. |and modelled.
system.

PCEO02 Devices that can provide load Interactive devices that can Fully integrated cyber-physical
reduction with some load shifting. |perform load reduction and system for DERs that balances

shifting with some load increases. |distributed supply and demand.

PCEO3 Limited generation on the Widespread generation on the Widespread generation and
distribution system. Mostly solar |distribution system. Mostly solar |storage on the distribution
with some wind. with some wind. Storage benefits |system.

being realized.

PCEO4 Integration of supply and demand |Device addressability that Commercially avaitable open
incorporating DERs on the creates more connected platforms with"main functions of
distribution system. opportunities without the need for |DSO being_standardized acrosg

excessive layers of regulatory\jdrisdictions and
communication and control. incorporating standards-based
requirements.

PCEO5 Inverters provide basic DC-to-AC |Inverters can ride through Inverters provide artificial inertig
conversion. frequency and voltage and electric-parameter regulation

excursions. services.

PCEO6 Affordable, reliable, wireless data |Quicker, cheaper, and mdre Trust models provide identity,
infrastructure with secure secure direct communiCatjon authentication, service-level
communications. paths. agreements, and privacy.

PCEOQ7 DER testing and certification Increased use of simulation as an |Increased interoperability as a

enabler for testing.

result of simulation and testing.

lidted below.

e | PC1 — Measurement, yerification, and situational awareness have been improved.

Srr

Physical and cyber technologies and
cqgnnected network and the communijcations networks that are necessary to monitor and cont
the electricity grid. The main physical and cyber technologies and infrastructure concepts afe

Results — outcomes made possiblé’by new patterns of use

infrastructure results are

aimed at the electrically

ol

o | PC2 - Affordability of devices and communications enables scalable, adaptable, amnd

e | PC3 - Distributéd devices are securely integrated into control schemes.

o | PC4 — Lonsumer devices can support sub-cycle to long-term activities (markets amd
operations).

e | PC5 - Explicit, well-defined trust models that define identity, authentication, service-leyel
agreements, and privacy are built into all TE systems.

extensible depleyment.

Characteristics of physical and cyber technologies and infrastructure results at each stage are
shown in Table 19.
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