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Outline – Steps to a Smart Grid Roadmap

1. Vision

2. Baseline

3. What are the Applications?

4. Costs and Benefits

5. Use Cases – Infrastructure Requirements

6. Architecture

7. Gaps

8. Strategy

9. Demonstrations

10.Tracking Progress
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1. Create a Vision

• Corporate focus

• Policy-based

• Executive support

• Functional

• Empower consumers and open 
markets.  

• Widespread implementation of 
renewable generation.  

• Maintained or enhanced grid 
reliability, resilience, security 
and efficiency in the face of 
increasing complexity.  

• Increased worker safety and 
productivity.  
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Smart Grid and CO2 Targets 
(PRISM 2.0 Example Case)
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Foundation for Smarter Grid
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Smarter Grid
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Vision - PJM
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Role of Markets –
Offers of Demand Side Resources in PJM by Calendar Year
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2. Where are we now?

• Inventory

• Critical systems

• Expandability

• Infrastructure

• Applications
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9

- Research on how to reshape the 
customer experience through SG

- Broad customer segmentation (e.g. 
geography, income)

- Load management in place for C&I

- Reactive customer experience

- Piloting AMI/AMR

- Modeling of reliability issues to drive 
investments for improvements

- Piloted remote disconnect/connect 

- More frequent customer usage data

- Assessing impact of new services and 
delivery processes (e.g. HAN)

- High degree customer segmentation

- Two-way meter, remote disconnect &  
connect, and remote load control

- Outage detection at substation

- Common customer experience 

- Customer participation in DR enabled

- New interactive products/services

- Predictive customer experience

- Usage analysis within pricing programs

- Circuit level outage detection/notification 

- Net billing programs in the home

- Automated response to pricing signals

- Common customer experience 
integrated across all channels

- Recent customer usage data (e.g. daily)

- Behavior modeling augments customer 
segmentation

- Customer management of their end to 
end energy supply and usage level

- Outage detection at residence/device

- Plug-n-play customer based generation

- Near real-time data on customer usage

- Consumption level by device available 

- Mobility and CO2 programs

- Conducting value analysis for new 
systems

- Exploring RAM (Remote Asset 
Monitoring), beyond SCADA

- Exploring proactive/predictive asset 
maintenance

- Exploring using spatial view of assets

- Developing mobile workforce strategy

- Approach for tracking, inventory and 
event history of assets under 
development

- Developing an integrated view of GIS 
and RAM with location, status and nodal 
interconnectivity

- Component performance and trend 
analysis

- Developing CBM (Condition Based 
Mgmt.) on key components

-Integrating RAM to asset mgmt, mobile 
work force and work order creation

- Tracking inventory, source to utilization

- Modeling asset investments for key 
components based on SG data

- Enterprise view of assets: location, 
status, interrelationships, connectivity and 
proximity 

- Asset models reality based (real data)

- Optimization across fleet of assets

- CBM and predictive management  on 
key components

- Efficient inventory management utilizing 
real asset status and modeling

- Optimizing the use of assets between 
and across supply chain participants

- Just in time retirement of assets

- Enterprise-wide abstract representation 
of assets for investment decisions

- Identified assets and programs within 
value chain to facilitate load management 
programs

- Identified distributed generation sources  
and existing capabilities to support

- Develop strategy for diverse resource 
portfolio

- Exploring new sensors, switches, 
comms. devices and technologies

- Proof of concepts / component testing

- Exploring outage & distribution mgmt. 
linked to sub-station automation

- Building business case at functional 
level

- Safety & physical security

1 
Exploring 

and 

Initiating

- Introducing support for home energy 
management systems 

- Redefine value chain to include entire 
eco-system (RTOs, customers, suppliers)

- Pilot investments to support utilization of 
a diverse resource portfolio

- Programs to promote customer DG

- Initial distribution to sub-station 
automation projects

- Implementing advanced outage 
restoration schemes

- Piloting remote monitoring on key assets 
(RAM) for manual decision making

- Expanding and investing in extended 
communications networks

2 
Functional 

Investing

- Integrated resource plan includes new 
targeted resources and technologies (e.g. 
DR, DG, volt/VAR)

- Enabling market and consumption 
information for use by customer energy 
mgmt systems

- New resources available as substitute 
for market products to meet reliability 
objectives

- Sharing data across functions/systems

- Implementing control analytics to 
support decisions & system calculations

- Move from estimation to fact-based 
planning

- The customer meter becomes an 
essential grid management “sensor”

- New process being defined due to 
increased automation and observability

3 
Integrating

Cross 

Functional

- Energy resources dispatchable/tradable, 
utility realizes gain from ancillary services  
(e.g. power on demand)

- Portfolio optimization modeling 
expanded for new resources and real 
time markets. 

- Ability to communicate with HAN (Home 
Area Network), incl. visibility and control 
of customer large demand appliances

- Integration into enterprise processes

- Dynamic grid management

- Tactical forecasts based on real data

- Information available across enterprise 
through end-to-end observability 

- Automated decision making within 
protection schemes (leveraging increased 
analytics capabilities and context)

4 
Optimizing

Enterprise 

Wide

- Coordinated energy management and 
generation throughout the supply chain

- Coordinated control of entire energy 
assets 

- Dispatchable recourses are available for 
increasingly granular market options  
(e.g. LMP – Locational Marginal Pricing)

- Grid employs self-healing capabilities

- Automated grid decisions system wide 
(applying proven analytic based controls)

- Optimized rate design/regulatory policy

- Ubiquitous system wide dynamic control

5 
Innovating 

Next Wave 
Improvements
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5 
Innovating 

Next Wave 
Improvements

Work & Asset 
Management 

Grid 

Operations
Value Chain 

Integration

Customer 
Management 
& Experience

The Smart Grid 

Maturity Model

- Exploring strategic IT arch. for SG

- Change control process for IT for SG

- Identifying uses of technology to 
improve functional performance

- Developing processes to evaluate 
technologies for SG

- Tactical IT investments aligned to 
strategic IT architecture within a LOB

- Common selection process applied

- Common architectural vision and 
commitment to standards across LOBs

- Conceptual data comms.  strategy 

- IED connectivity and business pilots

- Implementing information security

- SG impacted business processes 
aligned with IT architecture across LOBs

- Common architectural framework  e.g. 
standards, common data models, etc.

- Use of advanced intelligence/analytics

- Advanced sensor plan (e.g. PMUs) 

- Implementing SG technology to 
improve cross LOB performance

- Data comms. detailed strategy/tactics

- Data flows end to end (e.g. customer 
to generation) 

- Enterprise business processes 
optimized with strategic IT architecture 

- Real world aware systems - complex 
event processing, monitoring and control

- Predictive modeling and near real-time 
simulation, analytics drives optimization

- Enterprise-wide security implemented

- Autonomic computing, machine 
learning

- Pervasive use and leadership on 
standards

- Leader and influence in conferences 
and industry groups, etc…

- Leading edge grid stability systems

- Articulated need to change

- Executive commitment to change 

- Culture of individual initiatives and 

discoveries 

- Knowledge growing; possibly 
compartmentalized (i.e. in silos)

- New vision influences change

- Organizing more around operational 

end-to-end processes (e.g. breaking silos) 

- Matrix teams for planning and design of 

SG initiatives across LOBs

- Evaluating performance and 

compensation for Smart Grid 

- SG is driver for org. change (addressing 
aging workforce, culture issues, etc.)

- SG measures on balanced scorecard

- Performance and compensation linked 
to SG success

- Consistent SG leadership cross LOBs

- Org. is adopting a matrix or overlay 
structure

- Culture of collaboration and integration

- Integrated systems and control drive 
organizational transformation

- End to end grid observability allows  
organizational leverage by stakeholders

- Organization flattens

- Significant restructuring likely occurs 
now (tuning to leverage new SG 
capabilities and processes)  

- Collaboratively engage all stakeholders 

in all aspects of transformed business 

- Organizational changes support new 

ventures and services that emerge

- Entrepreneurial mind set, Culture of 

innovation

- Awareness of issues and utility’s role in 
addressing the issues

- Environmental compliance

- Initiating conservation, efficiency, 
“green”

- Renewables program

- Developing first SG vision

- Support for experimentation

- Informal discussion with regulators

- Funding likely out of existing budget

1 
Exploring 

and 

Initiating

- Established energy efficiency programs 
for customers

- “Triple bottom line" view – (financial, 
environmental and societal)

- Environmental proof of concepts 
underway

- Consumption information provided to 
customers

- Integrated vision & acknowledgement

- Initial strategy / business plan approved

- Initial alignment of investments to vision

- Distinct SG set-aside funding / budget

- Collaboration with regulators and 

stakeholders

- Commitment to proof of concepts

- Identify initial SG leader

2 
Functional 

Investing

- Active programs to address issue

- Segmented & tailored information for 
customers – including environmental and 
social benefits 

- Programs to encourage off-peak usage

- Integrated reporting of sustainability and 
impact

- Synthesize triple bottom line view 
across LOBs

- Completed SG  strategy and business 
case incorporated into corp.  strategy

- SG governance model deployed

- SG Leader(s) (with authority) ensure 
cross LOB application of SG

- Mandate/consensus with regulators to 
make and fund SG investments

- Corp. strategy expanded to leverage 
new SG enabled services or offerings

3 
Integrating

Cross 

Functional

- Collaboration with external stakeholders

- Environmentally driven investments 
(aligned with SG strategy)

- Environmental scorecard/reporting

- Programs to shave peak demand

- Ability to scale DG units

- Available active  mgmt. of end user 
energy uses and devices

- SG drives strategy and influences 
corporate direction

- SG is a core competency

- External stakeholders share in strategy

- Willing to invest and  divest, or engage in 
JV and IP sharing to execute strategy

- Now enabled for enhanced mkt driven or 
innovative regulatory funding schemes

4 
Optimizing 

Enterprise 

Wide

- Actualize the "triple bottom line“-
(financial, environmental and societal)

- Customers enabled to manage their 
own usage (e.g. tools and self-adaptive 
networks)

- Tailored analytics and advice to 
customers

- Managing distributed generation

- Overall strategy expanded due to SG 

capabilities

- Optimized rate design/regulatory policy 

(most beneficial regulatory treatment for 

investments made) 

- New business model opportunities 
present themselves and are implemented
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Improvements
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Organization & 

Structure

Strategy, 
Management  
& Regulatory

Societal & 

Environmental 
Technology

The Smart Grid 
Maturity Model

Elements of the SGMM
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3. Applications and Systems to Achieve Vision

• Value proposition for applications

• Don’t be constrained

• Some segmenting has proven useful but consider 
interactions

– Transmission (Planning, Control, Asset Management)

– Substations

– Distribution (Automation, Optimization, DR Integration, Planning, 
Asset Management)

– Customer and Distributed Resource Integration (AMI, Demand 
Response, DG, Storage, Energy Efficiency, etc.)

• Market Structure and Regulations Drive many 
Applications
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Applications in the Smart Grid Vision
(BC Hydro)
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12

Policy and cost recovery ambiguity

Sensitivity of success to scenario’s

+
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advance Evaluate & trial

Monitor

Leverage industry 

engagement, evaluative trials, 

EPRI studies etc. to drive 

business and technology proof 

points

+-
-

Coordinate with Emerging 

Technologies to develop 

assessment of evolution of 

technology & business proof 

points (more R&D, not ready 

for broad implementation)

Coordinate study phase 

evaluations and launch viable 

projects

EPRI Battery Storage 

Grid-Wise

GIUN

FERC/NIST SG 

STD.’s

State & Fed 

Policy

Scale Energy 

Storage

Advanced HAN 

Equipment

Policy & Strategy Initiatives  

Impact of Technology and Regulation on Smart Grid 
Development (Progress Energy)
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4. Understanding Benefits (and Costs)

Smart Grid 

Impacts

Lower Utility Operating 

Expenses

Avoided Consumer 

Costs

Better Societal Resource 

Utilization

Equipment

Maintenance

Operating Cost

Others

Avoided Costs Improved Reliability

Gen Capacity

Energy Generation

Ancillary Service Capacity

T&D Assets

Reduced Outages

Improved PQ

Improved National Security

Better Environmental

Efficient Economy

T&D Asset Operation
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Enabling Technology Type

None Web Only Web + IHD 
Basic

Web + IHD 
Advanced

Web + IHD + 
PCT

Rate 
Types

Flat  Rate

Time of Use 
(TOU)

Inverted Block 
Rate (IBR)

Critical Peak 
Price (CPP)

Peak Time 
Rebate (PTR)

Day Ahead –
Real Time Price 
(DA – RTP)

Understanding the role of pricing
Commonwealth Edison Trial – part of Smart Grid Demonstration Initiative
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5. Use case process is used to describe 
applications and derive requirements

IntelliGrid Methodology for 

Developing Requirements 

for Energy Systems

Use Cases

Business Drivers

Requirements

Application-

Specific

Universal

Principles

Project-

Specific

Checklist Example
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Demand Response Example
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6. Architecture

• Communications infrastructure

• Data and Information management

• Based on requirements from use cases

• Security 
requirements!
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7. Gaps

• Current state

• Future applications

• Development needs

• Investment needs

• Where is work being 
done?

• Who needs to be 
involved?

Define and Develop the Smart Grid Architecture 

and the Communications Infrastructure

Develop Customer 

Systems Technologies 

and Integration 

Approaches (rate 

structures, HAN, smart 

devices)

Integrate Renewables 

and DER (variable 

resource modeling, 

energy storage, 

transmission 

infrastructure, advanced 

protection, reliability 

assessment methods)

Develop Grid Operations and Control 

Approaches (Integrated with Planning and Asset 

Efficiency Methods) that integrate the customer, 

renewables, and DER

Workforce 

Management, 

Safety, and 

Effectiveness
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8. Strategy

• Highest value 
applications

• Infrastructure 
requirements

• Standards

• Timeline

• Goals

Use Cases, Requirements, Cost/Benefit &

Technology Assessments

Architecture, technologies, plan
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9. Demonstrations

• Functional Specifications 

• Technology 

Selection/Evaluation

• Economic Analysis

• Performance Analysis

• Standards

• Collaboration

2008 2009 2010 2011 2012 2013 2014

Analytic Methods & Tools

Integration Tech’s & Stds

Host-Site Research

Tech/Knowledge Transfer
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EPRI Smart Grid Resource Center – Public Updates
www.smartgrid.epri.com

http://www.smartgrid.epri.com/
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10. Track Progress

• Performance against goals

• Adjustments, changing priorities

• Updating the roadmap
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Summary 

Regulator/Market Challenges

ωVision (Market role)

ωVision (Reliability)

ωVision (Security)

ωApplications

ωEvaluating Benefits and Costs

ωArchitecture ςenabling third 
parties

ωStrategy ςtimetable

ωSupporting demonstrations

ωTracking progress

Technology Challenges

• Communications

• Information Management

• Energy storage

• Power conversion

• Monitoring and control

• Modeling and simulation

• Visualization

• Equipment diagnostics

• Renewable generation

• Smart appliances
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Together…Shaping the Future of Electricity


