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SUCPS  Maturity Models — Dueling or Complementary ?

SGIMM?

“%” SGIMM?
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How Mature is Your Piece of Smart Grid?

« Technology has been evolving ever since the industry was
born

« Technology today is moving faster than our ability to
respond to it

« To achieve Smart Grid will require interoperability across a
wide spectrum of participants and systems

In systems of systems this large, we need to focus on:
— Human

— Organizational

— Policy

— Hardware and

— Software components

So where do SGMM and SGIMM fit into this?
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SGMM and SG IMM

« The SGMM and SG IMM have different but potentially
complementary purposes and uses
— SGMM

* Is a management tool to support utility smart grid planning and implementation;
* It references interoperability as a key element of smart grid maturity
It does not focus on how to achieve it

- SG IMM

 Is specifically designed to assist stakeholders in achieving interoperability
between devices and systems that support smart grid capabilities

« The SGMM and SG IMM teams are exploring ways to
collaborate for the benefit of users of the two tools
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Elements of Smart Grid Maturity

BUSNESS PROCESS DATA, INFORMATION, &
& OPERATIONS SYSTEMS INTEGRATION

ORGANIZATION, STRUCTURE,
& REGULATION

Several key elements referenced in SGMM and SGIMM
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Several key elements referenced in SGMM and SGIMM
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SGMM can be viewed largely as an internal focus
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SGIMM can be viewed largely as an external focus
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SGMM has external focus through a user community
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Smart Grid Maturity Model

How can utilities
» Develop effective roadmaps?
» Track progress?

* Understand their posture in comparison to
peers?

The Smart Grid Maturity Model
was developed by utilities to
address these concerns
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The Smart Grid Maturity Model Is

A management tool
that provides a

common language and framework
for defining key elements of

smart grid transformation
and helping utilities develop a

programmatic approach
and track their progress
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SGMM timeline

Global Intelligent || Utilities use SGMM v1.0 v1.1 v1.2 )T
Utility Network

Coalition (GIUNC)

develops SGMM Software Engineering Institute serves as model steward D
BILE: | SEl releases <>

s e s o SGMM v1.1 product suite

Progress Energy
DONG Energy

North Delhi Power Ltd
Country Energy

Sempra Energy

Pepco Holdings SEl releasgs <>
IBM SGMM v1.2 product suite

APQC

Licensing & certification program
for SGMM Navigation begins
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Grid-In . . .
Software Engineering Institute

SEl is a federally-funded research and
development center at Carnegie Mellon
University, a global university recognized
worldwide for its energy and environmental
research initiatives.

A trusted, objective source of best practices,
methods and tools to organizations
worldwide, SEI is a global leader in software
and systems engineering, process
improvement and security best practices — all
critical elements of smart grid success. 290 S

| eacva whiion A
EARNEGI: MELLON UNIVERSITY \ 1\
SOFTWARE ENGINEERING =;~.\Y}T'\]TE._

SEI collaborates in public-private partnership

with government and industry on important Cal'negie
cyber security, architecture, and
interoperability challenges of the smart grid. Mel]()n

University
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SEI’s Role as Steward of the SGMM

 Provide governance working with
multiple stakeholders

 Enable widespread availability,
adoption,
and use of the model for the benefit of the
community

 Evolve the model based on stakeholder
needs, market developments, user
feedback, and interactions with domain
experts

« Develop transition mechanisms—
education, training, awareness, research
collaboration—
to support the model

 Grow the SGMM community of users
worldwide
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SGMM atag

| 6 Maturity Levels: Defined sets of characteristics and outcomes
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8 Domains: Logical groupings of smart grid related characteristics
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SGIMM at a glance

The intersection of a
Context Setting Domain
and a Cross Cutting
Domain forms an
Interoperability Area.

Operation

Configuration & Evolution
Security & Safety

< CROSSCUTTING ISSUES >

O\
Organizational CE-O
. —
Informational CE-l O-l SS-| :
q nromAnoNaL
Technical CE-T O-T SS-T OPERATION l

CONFIGURATION SECURITY
&EVOLUTION & SAFETY

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 16



Grid-Interop SGIMM at a glance
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Smart Grid Maturity Model — levels

PIONEERING

OPTIMIZING

INTEGRATING

NG

Im
pd
NE
o
I

INITIATING

DEFAULT

Breaking new ground; industry-leading innovation
Optimizing smart grid to benefit entire organization; may
reach beyond organization; increased automation

Integrating smart grid deployments across the
organization, realizing measurably improved performance

Investing based on clear strategy, implementing first
projects to enable smart grid (may be compartmentalized)

Taking the first steps, exploring options, conducting
experiments, developing smart grid vision

Default level (status quo)

G#Gridlnterop
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SGIMM - levels

Maturity Level

Community/
Governance

Documentation

Integration

Test/ Certification

Level 1:

management is ad
hoc

documentation is ad
hoc

integration is a
unigue experience

testing is ad hoc

customization

Initial

managed by documented in a integration is tested to plan with results
Level 2: project agreement project specification repeatable, with captured
Managed customization

expected

managed by references integration tests exist for community

Level 3: community community standard | repeatable with with certification
Defined agreement with some predictable effort Members claim compliance

to standard

Level 4:

Quantitatively
Managed

processes ensure
currency and
interoperation

references a
community standard
w/0 customization

integration metrics
are defined and
measurements
collected
reference
implementations
exist

community test processes
demonstrate
interoperability

members claim
interoperable conformance

Level 5:

Optimizing

managed by a
community quality
improvement
process

adopts an open,
community standard

integration metrics
used for
improvement of the
standard

test processes are regularly
reviewed and improved

D#Gridlnterop

Phoenix, AZ, Dec 5-8, 2011

19



Smart Grid Maturity Model — domains

Strategy, Mgmt & Regulatory Technology

IT architecture, standards,
infrastructure, integration, tools

Vision, planning, governance,
stakeholder collaboration

Organization and Structure Customer

Culture, structure, training,
communications, knowledge mgmt

Pricing, customer participation &
experience, advanced services

Grid Operations Value Chain Integration

Reliability, efficiency, security,
safety, observability, control

Demand & supply management,
leveraging market opportunities

Work & Asset Management Societal & Environmental

Asset monitoring, tracking &
maintenance, mobile workforce

Responsibility, sustainability,
critical infrastructure, efficiency

Y
=
%
O
)
=
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Fully described in the Model

Model Definition document
Compass Questionnaire-based assessment
yields maturity ratings and
Survey comparisons
S G M M Navigation Expert-led workshops to complete

Compass and use results to

Smart Grid Maturity Model Process develop consensus aspirations

Overview Seminar and

Training SGMM Navigator Course
Partner !_lcgnse organlzat_lons an(_:i ce_rtlfy

individuals to deliver Navigation
Program

process

www.sei.cmu.edu/smartgrid
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Work and Asset
Management

WAM

SGMM Compass Survey

PIONEERING | 1 The use of assats between and across supply chain
participants is optimized with processes defined and executed
across the supply chain.
2 Assets are leveraged to maximize utilization, including just-in-
time asset retirement, based on smart grid data and systems, [ ]

OPTIMIZING | 1 Acomplete view of assets based on status, connectivity, and
proximity is available to the organization.
2 Asset models are based on real performance and monitoring
4 data.
3 Performance and usage of assets is optimized across the asset
fleet and across asset classes.
4 Service life for key grid components is managed through
condition-based and predictive maintenance, and is based on
real and current asset data.

INTEGRATING| 1 Performance, trend anal\rsis, and event audit data are available
for components of the organization’s systems.

3 |2 Mmmmm mmlitu !

WAM-3.2 Condition- based
maintenance programs for key
components are in place.

7 Modeling of asset investments f@ key components is
underway.

WAM-3.2

' ENABLING | 1 An approach to track, inventory, and maintain avent histories of
mm ﬂmdmh

2 WAM 2. 1 An approach to
track, inventory, and maintain
event histories of assets is in
development

' INITIATING

2 Poten tial uses of remote asset m@nitoring are being evaluated.

3 Asset and workforce managemefit equipment and systems are

being evaluated for their potentig alignment to the smart grid

vision,

WAM-2.1

" DEFAULT

0

Contains

One question for each expected
characteristic in the model and

Attribute and performance questions

Example questions:

For what percentage of key components have you implemented condition-based
maintenance that uses real-time data from asset monitoring to drive maintenance and
replacement decisions?

A. 0%

B. 1-25%

C. 26-50%
D. 51-75%
E. 76-100%

Have you established an approach to track, inventory, and maintain event histories of
assets using smart grid capabilities?
A. No
In documented plan including committed schedule and budget
In development
Being piloted
Completed

monNnw
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g SGMM Navigation: five-step, expert-led process

PREPARATION
ASPIRATIONS
WORKSHOP

SURVEY
WORKSHOP
ANALYSIS
WRAP UP

Stakeholders complete SGMM Stakeholders review survey findings &
Compass survey set aspirational profile

Discussion and consensus Consensus on aspirational state and
answers lead to internal identification of motivations, actions,
alignment on current state and obstacles to achieve it
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Compass results: maturity profile

" %

N

SGMM maturity

maturit

SMR
Strategy,
Management,
& Regulatory

y score fg

0S

Organization
& Structure

\Q_

T

profile ing
)r each dg

GO
Grid
Operations

Py

ludes a
ymain

WAM
Work & Asset
Management

% N

@

TECH
Technology

example results

o,

VCI
Value Chain
Integration

CUST
Customer

K

SE

Societal &
Environmental
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Grid-Interop What Does SGIMM Maturity look like?

1 1 2
1 3 2
1 3 2
CE-O OP-O SS-0 CE-I| OP-I SS-I CE-T OP-T SS-T
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Compass results: dashboard

Sample Results

Strategy,
Level | Management &
Regulatory

Organization &
Structure

Grid Operations

example results

Value Chain
Integration

Societal &
Environmental

Work & Asset
Management

Technology Customer

0.53 0.50
0.57

0.65

Point Range

2 0.70

>0.40 and <0.70

<0.40

0.00 0.20

Meaning

Green reflects level compliance within the domain
Yellow reflects significant progress
Red reflects initial progress

Grey reflects has not started

L} #Gridinterop
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Compass results: peer community comparison

example results

Orange bars are peer P
5 community ranges

-

L

I COTT

THCRIGY (!2250,0351 NELETS)

Green squares are

Orange diamonds are peer utility ratings
4 community averages (example results)
SMR 0S GO WAM TECH CUST VCI SE
Strategy, Organization Grid Work & Asset Technology Customer Value Chain Societal &
Management, & Structure Operations Management Integration Environmental
& Regulatory

Community data as of September 2011
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Navigation results: consensus aspirations

example results

5 This is where we aspire to be in X years

> - 4
1 This is where we are today

NOTE: There is no “correct” target profile implied in
0 the model; the optimal profile will vary by utility.

SE

Societal &

Environmental

SMR 0S GO WAM TECH CUST VCI
Strategy, Organization Grid Work & Asset Technology Customer Value Chain
Management, & Structure Operations Management Integration
& Regulatory
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BT SGMM benefits —a community view

Use of SGMM by utilities

ju) 1o 1o

A
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USA
Canada
India
Australia
Brazil
China
Mexico

Netherlands
Belgium
Denmark
France
Hong Kong
Ireland
Israel

~ Philippines
Poland

- Spain
Sweden
Switzerland




Grid-Inter
SGMM Partn

« SGMM Partners are licensed by the SEI to provide
official SGMM services, which are delivered by SEI-
Certified SGMM Navigators

For the current list of SGMM Partners, visit:
www.sei.cmu.edu/partners/sgmm

L} #Gridinterop Phoenix, AZ, Dec 5-8, 2011 I RAEreoD-2U 7 3t



GMM Navig




Why use the SG IMM

Assess how best to leverage the context-setting framework.
Group cross-cutting issues into groups.

Develop high-level goals for each framework level.

Develop high-level goals for each cross-cutting issue.
Develop detailed goals for each intersection of (3) and (4).
Construct metric statements for the goals.

Create a matrix of maturity characteristics and maturity-level
statements to provide guidance in assessing maturity for each metric.

8. Construct an evaluation sheet to apply the SG IMM and€apture
interoperability maturity for an interoperability area.

9. Assess scoring models.

Participation and feedback are essential

o

NS ko=
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Example Use Cases

Energy Market Operations

Retail Service Provider/NVendor Technology Community
A Multi-Player, Smart Grid Research Project

An Enterprise Smart Grid Application

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 34



Energy Market Operations

* Focus on the transactions associated with buying and selling energy

« Trading of energy generation resources in real-time, day-ahead or
longer term timeframes

* Bringing demand-response and ancillary service resources into the
markets

- Bilateral agreements between various parties

* Interface between these players includes the exchange of information
about price, schedule, quantity, and other attributes of the energy being
traded

« As a sample use case, a power exchange market uses the SG IMM as
an assessment tool for understanding and developing an evolutionary
roadmap for their trading platform. The outcome provides a more
automated, efficient, and reliable mechanism for a new participant to join
the market.
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Retail Service Provider/Vendor Technology Community

« The community around a smart meter interface

* Vendors of smart meters, retail service providers, retail customers, and
integration partners

* Improve the standardization of the meter data interface and information
exchange

« A stakeholder alliance working group uses the SG IMM to evaluate
iImpediments to achieving interoperability goals

« Business goals of service providers, regulators, and vendors are not
aligned for interoperability

« Set requirements that there be an independent test and certification
authority. Develops technology procurement guidelines to assist in
evaluating interoperability of specific vendor proposals
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Multi-Player, Smart Grid Research Project

« Testing new business models and new technologies within an
Institutional structure such as an electric power market

* While intended to be applied to communities, SGIMM use with an
experimental project can be useful

« Develop a significantly more sophisticated business and technical model
for energy market operations

« Determine whether a scalable communication signal about the price of
energy can be used to modify overall system behavior

» Develop signaling technology to test if new distributed, price-based,
control system can provide efficiently scalable system for managing
complex power flows and transactions

 |dentify regulatory and business issues to be addressed for the most
efficient scaling of the technology
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Enterprise Smart Grid Application

« Smart grid capabilities require the integration of applications and
systems that have typically operated in separate parts of an enterprise in
the past

* Interoperability between myriad applications both within a utility
enterprise and with its partners becomes the foundation or a prerequisite
to deploying the next generation of services

« Applications may have been developed independently (to different
standards) without long-range design for integration with other systems

* The enterprise is a community of systems

 Conduct an assessment of the interfaces between a bidirectional
metering application, the smart meter, the advanced metering system,
and the billing system in order to better understand the architecture and
design issues that cause integration challenges to occur

« Better understanding of interoperability issues at the senior
management level and with the regulator

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 33



In Summary

* A lot of similarities
— Processes
— Documentation
— Systems
— Regulation
— Interoperability
— Maturity levels
— Based on measuring current situation and defining goals through questions

* Trying to harmonize the approaches
— Areas of focus
— Terminology
— Maturity levels
— Characteristics
— Provide a roadmap to higher maturity levels
— Scoring?

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 39



Grid-Interop

Contact Information

Austin Montgomery Mark Knight

Smart Grid Program Executive KEMA Director, Grid Applications

amontgom@sei.cmu.edu mark.knight@kema.com

703.908.1110 617.335.9590
www.sei.cmu.edu/smartgrid www.kema.com/SmartGridinterop
info@sei.cmu.edu info.consulting@kema.com
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Notices

« © 2011 Carnegie Mellon University
«  NO WARRANTY

« THIS CARNEGIE MELLON UNIVERSITY AND SOFTWARE ENGINEERING INSTITUTE
MATERIAL IS FURNISHED ON AN “AS-IS" BASIS. CARNEGIE MELLON UNIVERSITY MAKES
NO WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, AS TO ANY MATTER
INCLUDING, BUT NOT LIMITED TO, WARRANTY OF FITNESS FOR PURPOSE OR
MERCHANTABILITY, EXCLUSIVITY, OR RESULTS OBTAINED FROM USE OF THE
MATERIAL. CARNEGIE MELLON UNIVERSITY DOES NOT MAKE ANY WARRANTY OF ANY
KIND WITH RESPECT TO FREEDOM FROM PATENT, TRADEMARK, OR COPYRIGHT
INFRINGEMENT.

« Use of any trademarks in this presentation is not intended in any way to infringe on the rights of
the trademark holder.

« This Presentation may be reproduced in its entirety, without modification, and freely distributed in
written or electronic form without requesting formal permission. Permission is required for any
other use. Requests for permission should be directed to the Software Engineering Institute at
permission@sei.cmu.edu.

«  This work was created in the performance of Federal Government Contract Number FA8721-05-
C-0003 with Carnegie Mellon University for the operation of the Software Engineering Institute, a
federally funded research and development center. The Government of the United States has a
royalty-free government-purpose license to use, duplicate, or disclose the work, in whole or in
part and in any manner, and to have or permit others to do so, for government purposes pursuant
to the copyright license under the clause at 252.227-7013.
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