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The Intelligent Grid Enables “Sustainability”
for a Utility and its Customers

• Maximizing energy efficiency

• Minimizing waste

• Optimizing use of resources

Balancing the triple bottom line is now a must:
Environmental, Economic, Energy Objectives .
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1. Introduction
What is the Intelligent Grid ?
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The Intelligent Grid (IG) Vision

Source: EPRI

Flexible Alternating Current 
Transmission System

Dynamic Thermal 
Circuit Ratings

The challenge: Incremental implementation.
Where does SMECO start?
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The Intelligent Grid Reality

• Industry lacks consistent definition
– Multiple, conflicting trade consortiums
– Often self-serving
– Frequently too ambiguous to implement

• Many questions abound
– What does it mean?
– What are the benefits?
– How do I leverage my existing programs?
– Where do I start?
– How much does this cost?

The common question is:
“How is the Intelligent Grid demystified?”
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Current Intelligent Grid Initiatives

FERC

NERC
(FM)

DOE-OE
Grid 2030

CEC PIER

GWAC

GridWise
Alliance

Galvin Initiative Utility
AMI

EPRI
IntelliGrid

Open
AMI

GridWise
Program

GridWorks

GridApp

NW
GridWise
Testbed

CERTS

DOE-OE

CPUC
AMI

NYSERDA

CEC-PIER

PSERC

DV 2010

Source: DOE - NETL

Policy and
Regulation

Vision and 
Operating 

Model

Systems 
Integration

Technology 
R&D 

Initiatives

Modern Grid Initiative

Federal State Private

EEI
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State Activity

U Utility Initiative N No Regulatory Mandate

E Examining 
Regulatory 
Options

D Directive Issued

Status of Intelligent Grid

Source: Chartwell, Booz Allen Analysis

States without markings have 
unknown regulatory positions

CT
Connecticut Light 
& Power
1.2MM

MD 2M

U

U

U U

U
N

N

N

N N
N

N
N

N

N N N
N

N

N

N

N

E

N

E

E

D

D

U

Nevada 
Power
1,800

D

Idaho 
Power
24,000

Arizona 
Public 
Service 1M

U

XCE
L U
P

N

1.2MM
All state 
utilities

U

N
15,000
All state 
utilities

U

1.3
MM

UN

Bangor 
Hydro
110,000

EMA

EDE

TXU and 
CenterPoint
~ 20,000 total

� Lack of national 
consensus on approach, 
scale, emphasis

� In many cases, utilities 
are taking the lead…

� …often linked to load 
management efforts

� More prevalent in states 
facing

� Higher overall rates

� Aging infrastructure

� Conservation 
emphasis

Pacific Gas
& Electric 9MM

E U

Ameren 1.1MM

U
N

U

N

Public Service 
Co. New Mexico 
16K

N U
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Commonly Accepted Elements of 
the Intelligent Grid

1. Distribution Management
– Intelligent Automation

– Real Time Simulation

– Maintenance & Inspection Prioritization

2. Generation Resource / Demand Optimization
– Distributed Generation

– Demand Response

3. Increased Customer Focus
– Time of Use Rates / Customer Control

– Proactive Outage Avoidance / Response 

– Reliability and Power Quality Improvements 

4. Environmental Protection and Regulatory Complianc e
– Green Energy

5. Security and Critical Infrastructure Protection
– NERC’s Security Guidelines
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Better Leveraging
AMS / AMI Investment

Benefit realization of the Intelligent Grid is expon ential.
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Two Industry Approaches

• Proactively embark on Intelligent Grid
– TXU, Progress Energy, PG&E
– Direct change
– Viewed favorably by public and regulators
– Possibility that will not receive rate relief

• Wait for mandated change
– Follow through on 2005 Energy Policy Act is slow
– Resigned to inability to influence regulatory direction
– Terms and timeline may not be favorable to utility when 

enacted

If a Coop is embarking on AMS/AMI initiative,
incremental efforts can be orchestrated to attain I ntelligent Grid vision.
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2. Leveraging  Metering Investments
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Automated Meter Reading (AMR)

AMR provides the ability to read 
meters in an automated manner.

Meter Operations

� Reduction in 
labor force

� Workers Comp 
issues

� Trouble call 
reduction

� Fewer estimated 
bills

Meter Reading

� Reduction in 
clerical staff

Revenue Management

� Compressing 
Read-to-Bill 
time

� Database 
clean-up 
unbilled 
customers

� More accurate 
metering 
devices

Customer Service
& Billing

� More accurate 
meter reads

� Less estimated 
readings

� Faster off-cycle 
reads

Baseline Benefits for AMR systems



14 Advanced Metering System –
Advanced Metering Infrastructure

AMS/AMI provides bi-directional communication
to the level of the consumer.

Operational
Improvements

Supply-Side
Savings

New Revenue
Opportunities

Customer Service
Improvements

AMS/AMI Benefits

� Outage 
Management 
Capabilities

� Theft Detection

� Decreased cost 
of tenant 
turnover and off-
cycle reads

� Bill reconciliation 
(in deregulated 
market)

� Load 
balancing and 
forecasting

� Distribution / 
Transmission 
Planning

� Asset 
management 
and utilization

� Transformer 
Load 
Management

� Notification / 
monitoring 
services
� Power outage / 

water and gas 
leakage

� Threshold 
alerts

� Online 
customer 
profiles

� Consolidated 
Billing

� Billing 
dispute 
resolution

� Increased 
number of 
pricing plans

� Billing cycle 
flexibility
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Intelligent Grid – AMS/AMI+

Transformation to the Intelligent Grid involves mor e than metering.

Operational
Improvements

� Distribution 
Automation 
Functionality

� SCADA 
Application

� Capacitor 
Controls

� Control 
Automated 
Switches

� Grid 
Efficiency

Supply-Side
Savings

� DR programs
� Real-time 

pricing
� Critical peak 

pricing

� Load control 
solutions

� Additional 
Asset 
management 
and 
utilization

� Spinning 
Reserves

New Revenue
Opportunities

� In-Home 
Displays

Customer Service
Improvements

� Physical 
Remote 
connect / 
disconnect

� In-Home 
Displays

� Smart 
Thermostats

� Electronic Bill 
Payment and 
Presentment

AMS/AMI+
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Intelligent Grid Dependencies

• Two way communications
– end-user meter / interface
– Intelligent devices

• Customer enablement
– Intelligent thermostats
– Time-of-use billing
– In Home Displays

• High level of penetration

• Tight integration across the enterprise

• Full lifecycle process definition to leverage technology

• Alignment with organizational and process definition
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Technology & Process 
Gaps in Extending AMR to IG  

• Communications infrastructure

• Customer enablement
– Smart Thermostats / In Home Displays and Controllers
– Demand Side Management at the customer level

• Demand response integration in overall strategy
• Meter Data Management

• Integration of renewable/alternative generation
– Net metering
– Ownership and operation alternatives

• D-SCADA and DA 

• Performance dashboard / executive information system
• System planning / design to incorporate microgrids and 

accommodate renewables
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Why is the IG Important?

• Regulatory and societal trends favor sustainability

• Federal and state legislation is creating revolutionary 
change

– places aggressive conservation and reliability goals
– does not mandate technology implementation yet goals 

are only attainable through technology implementation

• Utilities not proactively embarking on IG are at risk
– Cannot deliver to regulator mandated timelines
– Are unable to meet customers expectations

• Coop’s must identify move forward plan

• Failure to plan and stage implementation increases risk

Strike First !



19 3. Technology Components 
and Options



20 The IG is an integral part of Asset 
and Customer Management

Intelligent Grid technology is an extension to the 
Asset & Customer Relationship Management Systems

Core IG
Technologies
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Technology Components of AMS / AMI
The foundation of the IG

MDMS ties together disparate data sources.
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Customer Web 
Portal

Meter Data 
Management 

System 
(MDMS)

Data Marts
Smart Meter Data

Other Meter Data

Mobile 
Workforce 

Management
CIS
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Communication Infrastructure 
Architecture is Critical
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23 Success Requires More Than Integration of 
Enterprise Technology Systems

• The key to IG success is Convergence
• Implement changes in System Planning Philosophy

• Emphasize intelligent T&D hardware selection

• Real time communication infrastructure is critical

• Key systems needs to be tightly integrated
– Enterprise
– Field components, ie meters and T&D hardware

• Enable a near real-time view of performance
– Assets
– System
– Resources

• Establish a holistic view of generation
– Conventional
– Renewable
– Distributed
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Topographic and System Complexity May 

Mandate a “Hybrid” solution
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Vendor Gaps

• Vision and roadmap

• Little interest in overall solution
– Lack of ability to control costs
– Perceived high risk in assembling solution
– Little commercial value as no reuse

• Inability to understand existing application environment

• To date, domain of large integrator
– PG&E – Accenture
– TXU – CapGemini
– CenterPoint – IBM

Industry close to tipping point:
Regulatory and societal pressures.



26 4. Case Study:
Learning From a Large Utility

Lessons learned from SCE.
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Realizing Intelligent Grid Benefits

AMI Benefit Sources IG Benefit Considerations

Base Case Stretch Case

+50%� Infrastructure Growth
– Energy Savings
– LMP / Constraint 

Optimization
– Circuit Optimization

� Supply / Demand Management
– Demand Response
– Distributed Generation
– Net Metering

� Cost of Delivery Performance
– Restoration
– Asset Management
– System Planning

� Service Enhancement
– Rate Offerings (TOU)
– Energy Management / DSM
– Smart Meter Functionality

� Baseline Cost-To-Serve
– Revenue Cycle
– Customer Orders (on/off)
– Security / Theft / “Leakage”

� Distribution Automation 
Management

� Micro Grid optimization

� Enabling contribution to broader 
outcomes

� Significant second generation 
systems integration dependencies

� Long-term economics and recovery 
outside of distribution’s control

� Foundational Platform
– Demographic Variances
– Legacy System Implications

� Long-Term Commitment
– Level of Functionality
– Communication Infrastructure

� Necessary but not sufficient to 
make business case

5

4

3

2

1
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Southern California Edison 
Business Case

Source:  SCE Final Business Case (March 30, 2005)

Information 
Technology

(600)

(400)

(200)

0

200

400

600

800

1000

System
Ops.

Benefits

Customer
Svc.

Benefits

Mgmt. &
Other

Benefits

DR
Benefits

Meter
System &
Inst. Costs

Commn.
System
Costs

Information
Tech.
Costs

Customer
Svc. Costs

Mgmt. &
Other
Costs

Total

$307$ Millions

$122

$367

($42)

($211)

($494)

($668)

($171)

$8

($206)

CostsBenefits

Sample Benefits and Costs in Business Case

Costs exceed 
benefits

Includes costs for Electric 
Meters, Communication 
Devices, Load Control Devices 
and Ancillary Devices

Costs for Data Collection and 
Communication systems

Costs for IT Systems 
development, 

enhancement and 
integration
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San Diego Gas & Electric 
Business Case

$1,396 MSocietal Benefits (20 years)

$1,433 MSystem Benefits (20 years)

$141 MTotal Annual Benefits

$24 MAnnual O&M

$490 MTotal Capital Cost

Source: San Diego Law School Energy Policy Initiatives Center, SAIC

Identify Technology Improvement Partialities
to Execute “Intelligent Grid” and Prioritize 

Quantify Benefits and Costs of
Technology Implementation

30%

20%

18%

13%

10%

9%

Reduction in 
Forced Outages

Job Creation and 
Increased GDP

Reduction in 
Peak Demand

Reduction in 
Congestion Cost

Increased 
Integration of DG

Others
$2.8 B

Impedance 
Sensors

Wireless 
Intelligence 

Sensors

Zigbee
Wi Media

WiFi Wireless

4G-Wi Max Fixed 
Private Wireless

Grid
Monitoring

Consumer
Portal

Semi-
Autonomous 

Agents

3G Wireless
Voice & Data

Fiber Optic 
Voltage & 

Current Meters

Advanced Energy 
Storage Systems

“Internet II”

Ethernet
Over Fiber

Advanced Pattern 
Recognition

Advanced Grid 
Control Devices

BPL

Advanced 
Visualization

Methods

AI-Based 
Weather & Load 

Forecasting

Superconducting 
Technologies

Agent & Multi-
Agent Systems

Electric Loads & 
Reliability Source

Geospatial 
Information

Systems

DER-Based
Micro Grids

Various High 
Efficiency & 

Renewable DG

Substation 
Automation

Web Services & 
Grid Computing

Distribution
Feeder

Automation

Component chosen for inclusion
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5. Challenges
Where are the risks?
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Typical Intelligent Grid 
Implementation Risks

• Lack of clear vision and direction
– Sub-optimal target
– Inability to coordinate all initiative components

• Solution component incompatibility
– Ease of integration
– Lack of Open Protocols with field devices

• Communications infrastructure
– Evolving protocols (ie Zigbee infancy and questions)
– Evolving measurement strategies (ie master controller or 

meter based control)
– Full 2-way communications
– Challenges of a hybrid communications infrastructure
– Last mile / demand side support



32 Typical Intelligent Grid
Process and Organizational Risks

• Accelerated Demand Response programs taking 
benefits from AMS / AMI

• Proactive process definition
– Define in advance

• Organizational Change
– Reporting structures will change significantly
– Job functions and responsibilities will change dramatically

• Required skillset upgrades
– Resources are not equipped for this change
– Some resources may not be able to make changes

The Intelligent Grid represents a disruptive 
change to the organization.
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Key Challenges and Decision Points

• AMS/AMI as a base case - go / no-go (more than AMR)

• Distribution Automation options

• Process and organizational change

• Resource availability

• Rate incentives for conservation have traditionally not 
favored utility

– Consumers encouraged to consume less

– Not penalized for consuming more or at inopportune times

– Utility not adequately compensated for less demand

You can embark on Intelligent Grid transformation
without all pieces in place.

Success is however dependent on implementation 
of all components.
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6. Developing A Roadmap
What are the steps?



35 First Step: 
Opportunity Study and Roadmap

• Identify opportunities
– Quantify benefits
– Identify soft benefits

• Identify risks and mitigation plan

• Develop step-by step implementation plan

• Identify internal staffing requirements

• Develop Organizational Change Management strategy

• Develop accurate budget estimates
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Full Cycle Deployment Management
R

is
k

Strategy Building Maintenance
Planning                             Deployment

• Technology Vision & Business Alignment
• Strategic Technology Planning
• Organization Readiness & Alignment
• Business Case Development
• Conceptual Common Data Model

• Requirements Development
• Technology / Vendor Selection
• Deployment Planning
• Process & Data Alignment
• Detailed Common Data Model

• Project (PMO) Oversight
• QA / QC 
• Vendor Management

• System Acceptance
• Performance Validation
• User Training Planning
• Post Mortem Audit

• Continuous Improvement
• KPI Development
• Maintenance Planning
• Investment Optimization

Time

Upfront planning will reduce risk.
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Typical Roadmap Development Schedule
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Assessing Benefits and Costs

• Benefits
– Direct
– Indirect
– Additional opportunities

• Costs
– Internal labor
– External labor

– Maintenance

– Hardware



39 How the IG Can Benefit Your Coop
Direct Benefits

• Substantial improvement system reliability
– Use LBL / DOE studies to identify cost to customer
– Identify lost revenue opportunities
– Identify reduction in straight time (reduce no. of outages)
– Identify reduction in overtime (reduce no. of outages)

• Realization of considerable labor efficiencies, in 
particular reduction of overtime

– Troubleshooting (reduction in duration)
– Meter reading staff

– Condition assessment

– M&I programs

• More effective balancing of O&M and Capital 
expenditures

– Accurately track value of investments

– Use third party funded generation to delay / eliminate 
certain system betterment projects

– Increase expected life expectancy of critical equipment (ie
station transformers)

– Reduce service truck fleet



40 How the IG Can Benefit Your Coop
Direct Benefits (Con’t)

• Reduce distribution line losses

• The ability to offer greater service flexibility to 
consumers related to consumption and tariffs

– Delay or eliminate certain system betterment projects

– Enable further peak shaving and overall consumption 
(beyond current DR programs)

• Achieve greater control required to leverage green 
power and renewable resources

– Lower cost of green energy required to meet RPS 
requirements

– Enable green energy with a higher capacity factor

• Support for real-time pricing and critical peak pricing

• Repatriate Demand Response programs
– Outsourced DR currently popular

– Achieve same or better conservation goals at a lower 
overall cost

– Consider opt-out cost of existing agreements



41 How the IG Can Benefit Your Coop
Indirect Benefits

• Improve reliability, reduce losses, reduce distribution 
hardware TCO, and extend distribution hardware life

– Support for distribution automation functionality
– Advanced SCADA application support
– Increased capacitor controls
– Broader implementation of remote controlled switching
– Grid efficiencies
– Ability to support advanced asset management and asset 

utilization.

• Effective implementation of microgrids
– Improve reliability
– Exploit third party distributed generation



42 How the IG Can Benefit Your Coop
Additional  Opportunities

• Elimination of cellular data charges for field force 
automation initiatives;

• Additional revenues through triple play offering (internet, 
cable, voice)

– Directly
– As reseller;

• Additional revenues through real-time household 
monitoring service (security, energy management, 
automated threshold capabilities, medical monitoring, 
etc…



43 The Cost of the IG to Your Coop
The Study Phase

• Project team with broad expertise
– Rates and regulatory affairs

– Engineering and operations

– Communications (corporate)
– Communications (infrastructure)

– Information technology

– Executive sponsorship

• Visiting other utilities is desirable to gain expertise and 
insight into lessons learned 

• Develop communications build out plan
– Urban, suburban, rural areas

– Avoid internal implementations
– Hybrid architecture is a must

• Acquire skills to expand the expertise of your project 
team

– NRECA

– Consultants
– Trade organizations, ie CEATI



44 The Cost of the IG to Your Coop
The Implementation

• Dedicated Project Management Team
– Project Manager
– Project Administrator

– Project Controls

• Hardware
• Installation – Communications and metering hardware

– Internal team – lengthy deployment

– External team – reduced deployment time, not necessarily 
more expensive loaded cost

• Information Technology
– MDMS
– Enterprise application integration or service oriented 

architecture (EAI or SOA) becomes more compelling
– Modification to CIS and billing system



45 The Cost of the IG to Your Coop
Ongoing Costs

• Dedicated Support Team
– Manager
– Metering Technicians

– Communications Technicians

– Customer support – technical
– Customer support - billing

• Ongoing installation
– Hardware upgrades
– Support for additional functionality

• Information Technology
– Ongoing upgrades and maintenance

– Hardware upgrades
– Support resources
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7. Discussion
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Three High-Level Planning Steps?

1. Understand your current state
– AMR / AMS / AMI status

– Regulatory Environment
– Members values

2. Develop an AMS / AMI implementation plan
– Identify build-out plan for AMS / AMI -> goal is full bi-

directional communication to every meter

– Incrementally deploy IG technologies

– Continue to build tightly integrated enterprise suite

3. Deploy, revise, revisit, evolve
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