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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3-8: GridWise transactive energy framework

FOREWORD

1) ISO (the International Organization for Standardization) and IEC (the International Electro.>chri'cal
Commission) form the specialized system for worldwide standardization. National bodies that are .2emi.>rs of
ISO or IEC participate in the development of International Standards through technical committ. »s e =olished
by the respective organization to deal with particular fields of technical activity. ISO and I. < technical
committees collaborate in fields of mutual interest. Other international organizations, govi rnmental and non-
governmental, in liaison with ISO and IEC, also take part in the work.

2) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical co. mitt.2 hus representation
from all interested IEC and ISO National bodies.

3) IEC and ISO documents have the form of recommendations for international us > an | are accepted by IEC and
ISO National bodies in that sense. While all reasonable efforts are made to ensurc that the technical content of
IEC and ISO documents is accurate, IEC and ISO cannot be held ruspcnsible for the way in which they are
used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC and ISO Natior al bedies undertake to apply IEC and ISO
documents transparently to the maximum extent possible in<the.. nitional and regional publications. Any
divergence between any IEC and ISO document and the corrcspo: ding national or regional publication shall be
clearly indicated in the latter.

5) IEC and ISO do not provide any attestation of conformity Ino :pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC a..u ISO marks of conformity. IEC and ISO are not
responsible for any services carried out by independent certification bodies.

6) All users should ensure that they have the lates =di‘ion of this document.

7) No liability shall attach to IEC and ISO or thiir directors, employees, servants or agents including individual
experts and members of its technical ccmm.itees and IEC and ISO National bodies for any personal injury,
property damage or other damage or any “.atv ‘e whatsoever, whether direct or indirect, or for costs (including
legal fees) and expenses arising out o1 the publication, use of, or reliance upon, this ISO/IEC document or any
other IEC and ISO documents.

8) Attention is drawn to the Norrictive = .ferences cited in this document. Use of the referenced publications is
indispensable for the correct 1priication of this document.

9) Attention is drawn to the  ossibuity that some of the elements of this ISO/IEC document may be the subject of
patent rights. IEC and-'20 <hall not be held responsible for identifying any or all such patent rights.

The main task of IEC -and ISO technical committees is to prepare International Standards.
However, a tecinical ccmmittee may propose the publication of a Technical Report when it
has collectea Jata of a different kind from that which is normally published as an International
Standard, fc: example "state of the art".

IED/ZC TR 15067-3-8, which is a Technical Report, has been prepared by subcommittee 25:
'nte, ~onny ction of information technology equipment, of ISO/IEC joint technical committee 1:
InJarmation technology.

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

Enquiry draft Report on voting
JTC1-SC25/2944/DTR JTC1-SC25/2965/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.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using aJ

colour printer.
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INTRODUCTION

Over the past two decades, the use of demand response and other flexible distributed
resources for electricity market efficiency and grid reliability has grown dramatically.
Customers' loads, generation, and storage will impact the management of an increasingly
unpredictable power system. Because of this growth in flexible distributed energy resources
deployment, attention is being devoted to addressing not only the economics of the electricity
grid, but also the control system implications for grid reliability. This has led to a focus on an
area of activity called "transactive energy". Transactive energy (TE) refers to the use of a
combination of economic and control techniques to improve grid reliability and efficiency.
These techniques can also be used to optimize operations within a customer's facility.

The motivations for employing TE systems come from the increasing diversity of resources
and components in the electric power system and the inability of existing. practicas to
accommodate these changes. Expanded deployment of variable generation on th = bu'« nower
side, distributed energy resources throughout the system, and new intelligent locd devices
and appliances on the consumption side necessitate new approaches to how «lectric power is
managed and delivered, and the associated economic and business mouz!ls Conventional
wisdom is that once variable generation resources reach 30 %, the current ~ontr>l systems for
the grid will be simply inadequate [1]1.

Transactive energy systems provide a way to maintain the reliability < vu security of the power
system while increasing efficiency by coordinating the activty of the growing number of
distributed energy resources. These multiple goals pose 1 iaulti-objective control and
optimization challenge. This is one reason why TE emlraces both the economics and the
engineering of the power system. The same consideiatic~e outlined for the electricity grid
apply to building energy systems and other local eneryv s, stems such as microgrids [2].

In the past, these systems could be considered sii..»!y end nodes on the physical power grid
that act as simple "dumb" loads. But they are becoming increasingly more interactive with the
grid, providing intelligent load, storage. a.d ysneration sources. They now need to be
considered integral and active compon=nis ¢’ the grid as a whole. Building energy systems
account for a majority of the electric.pcver consumed in the United States. For example, the
U.S. Energy Information Administi=ior. (EIA) estimated that buildings (residential and
commercial) would account for 2rovnd 10 % of electricity consumption in the United States in
2014 [3]. Recent EIA data shovs (hat this projection was correct and electricity use in
buildings is currently just cvcr 1 % each year [4]. From the grid perspective, buildings are
examples of loads that wi.' Lbelintegral, active components of the end-to-end electric power
system. Within building:, the same need exists to achieve similar economic and reliably
optimized solutions t5 mai age energy and potentially to realize new revenue streams through
participation in mar. ets related to electric power systems. The growing adoption of electric
vehicles presents a new class of controllable loads, and possibly even generating loads, that
can interact with *he grid.

Asset cwners, system operators, and other economic entities involved in the generation,
transmission, and use of electric power all have a stake in a reliably efficient power system
envision= 1 with the use of TE. There is a clear need to align value streams for all of these
I artiex by using incentives for participation in an actively managed system. This document
deccribes the considerations and basic elements for all stakeholders. This provides an
opportunity for discussing how various approaches can enable alignment of value streams
and the creation of sustainable business models.

1 Numbers in square brackets refer to the Bibliography.
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Regulatory, policy, and business issues frame the discussion about the functional
characteristics of TE systems. From these characteristics, this document also presents a
conceptual or reference architecture illustrating the principal functional entities and
relationships. The intent of this material is not to define a specific solution, but to describe the
TE environment and to enable comparisons among various approaches.

This document further examines the practical dimensions of implementing TE systems by
considering the cyber-physical system aspects. Here, too, this document avoids prescribing
specific solutions, but rather identifies gaps and technology challenges that need to be
addressed.

There have also been several new TE pilots proposed and implemented, and panels ¢» TE
can be found at most conferences, including technology-focused conferences such as
Institute of Electrical and Electronics Engineers (IEEE) Innovative Smart Grid Techrolcies
and industry conferences such as DistribuTECH, showing considerable interest-in<this *opic.
TE is also a frequent topic in technical journals, magazines, and blogs. " esc.varied
platforms for discussing TE indicate a broad acceptance of the possibilities oi‘ered and
interest in ways to apply TE by service providers, utilities, and regulators.

The intent of the TE framework is to promote discussion at the concentua’ lev:l of common
features or elements of specific models, designs, or implementatior.c. o1 Tz systems. At this
conceptual level, the framework is intended to be broad and overarching

In promoting broader discussion, multiple diverse stakehnlilars need to be considered.
Consequently, TE involves contributions from multiple dizciplices spanning both economics
and engineering. The implications of the potentiai _new i.pproaches for managing and
controlling electric power systems call for a broac.invalvement of economists, regulators,
policy makers, vendors, integrators, utilities, rese~rci ars, end-consumers such as building
owner-operators, and other stakeholders. The 'diversity of thought provided by multiple
viewpoints is important to achieving a framework .at addresses the variety of perspectives
and needs these stakeholders bring to the teble.

A framework is a method and a set of cupporting tools that can be used for developing an
architecture. The TE framework is ¢ t~ol that can be used for developing a broad range of
different architectures for implen:eninsg transactive techniques. This document discusses
approaches for designing a transaciive system in terms of a set of building blocks, and for
showing how the building blocra fi* together.

The United States Depa tmea?t of Energy has supported the GridWise®2 Architecture Council
(GWAC) in specifyirz. a ~onceptual framework for developing architectures and designing
solutions related tc TE. The goal of this effort is to encourage and facilitate collaboration
among the many stak. tiolders involved in the transformation of the power system and thereby
advance the piactical iniplementation of TE. The GWAC developed this document to provide
definitions of ‘erms, architectural principles and guidelines, and other descriptive elements
that present » cummon ground for all interested parties to discuss and advance TE.

In -rectir g the TE framework (this document), the authors presume an audience with a good
viidesstan ding of interoperability, familiarity with ISO/IEC TR 15067-3-2 [5], and knowledge of
enaray markets and associated business models. People with this level of background should
L= reasonably able to understand the proposed ideas, critically review them, and participate
in reworking or refining the framework so that it becomes a shared creation with tools that
propagate and that serve the diverse smart grid community. This document covers the topic of
TE at an abstract, conceptual level without prescribing specific implementations. The
audience for this document includes policy makers, regulators, vendors, utilities, researchers,
practitioners, and end-use asset owners.

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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In addition to this document, the GWAC produced a TE Decision Maker's Checklist [6] and a
TE Roadmap (ISO/IEC 15067-3-7) [7]. Each document is designed for a different audience
and each provides a different perspective on what transactive systems are, how they will
evolve, and necessary policy considerations (see Figure 1). In addition, the Smart Grid
Interoperability Panel (now Smart Electric Power Alliance) produced a TE Landscape
Scenarios white paper presenting six high-level operational scenarios [8]. Collectively, these
explore TE interactions and provide examples where TE systems produce value.

\ / For policy makers to review
Provides broad perspective of whether the principlesand

how transactive energy

systems and their use will

evolve over time

Promotes discussion at the
conceptual level as a focal
point for transactive energy
researchers and practitioners.

attributes of transactive

energy are incorporated in

electricity-related policy or
\_assetinvestmentproposals  /

GWACTE GWACTE GWACTE
Framework Roadmap Checklist

Drivers Concepts
Vision

Concepts Enablers

Results

Principles

Benefits

Attributes e

IEC

Figure 1 — Overview of GWAC transactive energy reference documents
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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3-8: GridWise transactive energy framework

1 Scope

This part of ISO/IEC 15067, which is a Technical Report, provides a conceptual framework for
developing architectures and designing solutions related to transactive energy (TE).
Transactive energy allows electricity generated locally by consumers using wind, solar,
storage, etc., at homes or buildings to be sold into a competitive market. This document
provides guidance for enhancing interoperability among distributed energy resources involved
in energy management systems at homes and buildings. It addresses gaps identified as
problematic for the industry by providing definitions of terms, architectural principles and
guidelines, and other descriptive elements that present a common ground for all interested
parties to discuss and advance TE.

This document builds upon ISO/IEC 15067-3 [9], with technology to accommodate a market
for buying and selling electricity generated centrally or locally by consumers. The energy
management agent (EMA) specified in ISO/IEC 15067-3 can represent the customer as a
participant in TE. Transactive energy is important for achieving electric grid stability as power
from renewable sources such as wind and solar fluctuates with time and weather.

2 Normative references

There are no normative references in this document.

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

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

ancillary services

services necessary to support the transmission of capacity and energy from resources to
loads while maintaining reliable operation of the transmission service provider's transmission
system in accordance with good utility practice

Note 1 to entry: Ancillary services can include synchronized reserves, regulation and operating reserve, energy
imbalance (using market-based pricing), and the cost-based services of scheduling, system control and dispatch,
voltage control, and black start.

3.2

architecture

fundamental concepts or properties of a system in its environment embodied in its elements,
relationships, and in the principles of its design and evolution

Note 1 to entry: ISO/IEC/IEEE 42010:2011 describes architecture viewpoints, architecture frameworks and
architecture description languages for codifying conventions and common practices of architecture description.
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