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Smart Grid Building Blocks

There are five building blocks to achieve the business objectives of smart grid

implementation

Geographic Information 

System01

Supervisory Control and 

Data Acquisition
02

Advanced Metering 

Infrastructure
03

Advanced Distribution 

Management System
04

Smart Grid Enterprise 

Integration
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Geographic Information System
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Geographic 

Information 

System

Electrical 

Distribution 

Network 

Smart Grid- Geographic Information System 
Key Characteristics

GIS enables the proper operation of smart grid components, such as OMS (Outage Management System) 

and DMS (Distribution Management System) for real-time system management, as well as informs other 

applications for system planning and engineering

Customer 

Database

Relational 

Database 

Management

Provides a

comprehensive inventory

of the electrical

distribution network

components and their

spatial locations

1
The GIS software has a

dynamic, flexible, and

user friendly interface

2
Support, capture and

store schematic

diagrams for different

type of networks

3
Supports easy web

enabling of the

application and also

helps in understanding

the relationship of

networks with

surroundings
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Smart Grid- Geographic Information System 
Applications

GIS 

Applications

Load Forecasting: Combining GIS spatial data with consumer load data, current land
use, urban centers, etc. can enable forecasting the future load growth for every small area

Demand Response: Integration with systems like Customer Information System and
Energy Data Management Systems can be used for targeted demand response programs

AMI Roll Out: Determine optimal locations for smart grid components through spatial
analysis

Outage Management: Enables operators to quickly determine facilities with increased
risks of outage through precise network layout of GIS

Workforce Management: Enable automatic vehicle location to allow the electronic map to
track the crew in real-time and help in workforce scheduling

AMI Loss Reduction: GIS consumer mapping combined with other customer data can
help identify sudden change of load patterns to determine cases of theft

Asset Management: Allows utilities to visualize the entire network asset in a single
platform and helps them in understanding the physical and spatial relationships among all
network component

6
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Case Study 1: GIS Experience of TPDDL



8

Tata Power Delhi Distribution Ltd.
Experience in Implementing GIS

TPDDL in 2006 invested in implementing a GIS solution with the goal of mapping the entire asset base of 

TPDDL for ensuring improved asset management
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A clear roadmap for 

business processes to 

use GIS identified. 

Out of 360 business 

processes 40 were 

determined that could 

leverage GIS

Integrated with other 

enterprise systems like 

ERP, CRM, DMS, OMS 

to optimize the value 

from GIS

For long term success 

of GIS, a robust schema 

developed for the 

database in which land 

base, customer, and 

facility information is 

stored
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Tata Power Delhi Distribution Ltd.
Experience in Implementing GIS

Key Lessons

B
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ts

Utility to implement

processes to ensure the

land base is up to date

Business process for

ensuring the consumer

database is up to date is

required

1

2

Business process for

ensuring the facilities

database is up to date is

required

3

TPDDL invested Rs 12 crores in implementing a GIS. Annual maintenance

and operations for the GIS cost Rs 1.5 crores. The estimated annual rate

of return on the investment is Rs 4 crores with the investment paying

for itself in 3.5 to 4 years.

1. Asset Management

-Reduced redundant data

-Streamlined asset lifecycle

2. Operations Management

-GIS was used for operations and streamlining the permit to

work (PTW) process.

-Improved maintenance planning and scheduling.

-Understand the causes of their technical losses and plan

for mitigation.

3. Commercial Management

-Improve their collections efficiency which is now 99.7%.

-Automate customer connection/disconnection and speed

up revenue generation.
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Case Study 2: R-APDRP Best Practices & Innovations in 

GIS Delta Update of MSEDCL
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Survey/ Managed 

Data Services 

®Post Survey:

°

Delta Updates±

System 

Operations:

¯

Pre-Survey¬

¶Workshop of agencies

conducted to clearly lay

out requirements

¶Process for Consumer

Indexing & Asset

mapping defined and

made mandatory

¶Consumer Indexing &

Asset Mapping done by

ITIA/MDS agency as per

process approved by

MSEDCL.

¶New Connection module

designed to add new

Consumers to the GIS

database directly without

opening GIS web

application.

¶Survey by ITIA/MDS

agency verified with the

billing data

¶Third party quality

assurance of digitized GIS

data undertaken

¶The town in-charge

made responsible for

town level GIS activities

including updation of day-

to-day changes of

network and consumers in

GIS.

¶Network Augmentation

Schemes prepared using

the GIS based Network

Analysis Module.

¶Outsourced Managed

Data Services (MDS) by

hiring dedicated trained

manpower and GIS

experts

¶Independent third party

Managed Data Services

Agency agencies

employed for helping

MSEDCL staff to carry out

GIS delta update and

regular update work and

training/handholding.

As part of its R-APDRP implementation, Maharashtra State Electricity Distribution Company Ltd (MSEDCL) 

had implemented the GIS application module. As part of the implementation, a set of best practices has 

been documented by the utility for various stages of implementation. 

GIS Best Practices

Maharashtra State Electricity Distribution Company Ltd 
R-APDRP Best Practices & Innovations in GIS Delta Update 
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Smart Grid- SCADA
Key Characteristics

1
Data acquired from use of

sensors, transducers, and

status point information

acquired from the field

2
Control of required variables by

the operator from the control

room.

3
Post-outage analysis from data

acquired to provide insights into

the sequence of events during

the outage, malfunctioning of

any device, and the action

taken by the operator

SCADA is a centralized system for real-time data acquisition (and its analysis), monitoring and control of 

remote equipment. This equipment in a power network means sensors and other devices installed along the 

length of the network for assessing its state of health

Human Machine Interface

Smart Sensors

Oil Level. Winding Temperature, Ambient 

Temperature, etc.

RTU

Control 

Station

SCADA Architecture for DTs

Communication

Interface
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Sequence of events (SOE)

recording by SCADA which

time-stamp crucial events in

the system to provides

crucial info. about the

system loading patterns

PQM devices connected to

the network can be monitored

centrally through SCADA

network to monitor

harmonics, voltage sags,

swells, and unbalances

Ability to control from a

central location to allow

proper load balancing on the

system, avoiding

unnecessary overloading of

equipment and ensuring a

longer service life for the

components.

By automatically tracking vital 

equipment parameters 

abnormalities can be detected and 

with proper maintenance the life of 

costly equipment can be extended

FLISR systems use SCADA-enabled

switches and sensors to locate the

faulted area, isolate the fault, and

restore service to unfaulted areas

SCADA 

Applications

Smart Grid- SCADA
Applications
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AMI is a system that collects, measures and analyzes energy usage over a two-way communications

network connecting smart meters and the utilityôscontrol systems. It allows remote meter reading,

connect-disconnection, theft-tamper detection, outage management and distributed generation

management.

Smart Grid- Advanced Metering Infrastructure 
Key Components

Smart Meter Communications MDAS MDMS

AC static watt-hour meter

with Time of use

registers, internal

connect & disconnect

switches and two way

communication capability

Measures:

Å Instantaneous Power, 

voltage, frequency & 

phase current

ÅEnergy Consumption

ÅReactive Power 

Enables Detection of:

Over/Under voltage, 

Low/High Power factor, 

Current Unbalance, 

Over/Under loading, 

Tampers

Home area network:

Communications between

buildingôsinterior and

smart meter

Field area network:

Communications between

userôssmart meter and a

concentrator

Wide area network

(WAN): A high-bandwidth

backhaul communications

link between the

concentrator and the

utility.

Acquires data from the

field devices, analyzes it

and reports it

The MDAS can perform :

ÅAcquisition of meter

data on demand & at

selectable periodicity

ÅConnect & disconnect

for Load Control and

Pricing signal

ÅAudit trail and Event &

Alarm Logging

ÅMaintain time sync

with DCU / smart

meter

MDMS is a database with

analytical tools that

enables interaction with

other information

systems such as:

ÅCIS, OMS, ERP, GIS &

Mobile Workforce

MDMS supports storage,

archiving, retrieval &

analysis of meter data

MDMS performs

validation, editing and

estimation (VEE) to

ensure data flowing to

the systems is complete

and accurate.
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Smart Meters at HT/LT 

Customers

Home Area 

Network

Communicati

on between 

a buildingôs 

interior and a 

smart meter

Records and 

communicates  

power, energy 

consumed & other 

parameters like Pf, 

voltage, frequency 

in regular intervals

Data 

Concentrator

Neighborhood 

Area Network

Smart Meters 

at Feeder & 

DTôs

Communications 

between the 

userôs smart 

meter and a 

concentrator 

MDAS

Wide Area 

Network

AMI Data 

Management

Billing

OMS

Other 

Systems

MDMS

High-bandwidth 

communications 

link between 

concentrator & 

the utility

To acquire 

data from the 

field devices 

and report it

Perform 

validation, editing 

and estimation.

AMI Architecture

Smart Grid- Advanced Metering Infrastructure 
Key Components



Å Communicates information on load and energy

consumed in minutes (or seconds) to utility and

consumer, which saves additional investment in

capacity expansion and allows for real time energy

audit

Å Maintains integrity and accuracy by automatically

resuming functionality after loss of power and

retaining all information held in its storage prior to

power failure

Real time Data

Data Storage 

Unit

Smart Grid- Advanced Metering Infrastructure 
Applications

Å Detect any attempt of unauthorized physical meter

tampering

Å Send an alert notice of unauthorized usage via its

available interface and disable the supply

Theft Detection

Microcontroller

Load

Utility

Alerts

1818

Monitoring

Å Detect, record and communicate notices on

abnormal power quality beyond acceptable

standardsUtility



Å Recording exported and imported power (bi-

directional flow) of consumers for application like

rooftop solar PV

Å Detect, record and transmit loss and restoration of

power notice to both utility and consumer

Å Enables Outage Management System (OMS) and

improves system reliability through real-time outage

information

Net Metering

Faster Restoration

Smart Grid- Advanced Metering Infrastructure 
Applications

Net 

Meter

Utility

Automated 

Outage 

Management 

System
Customer 

Remote Operations

Å Smart meter can be remotely turned on and turned

off

Å Enables, among others, demand response

mechanisms on voluntary load shedding
Utility

Remote 

Switch 19

Smart Meter Pings



Å Provide better customer service, especially around

customer directed shut-off and reconnection dates

Å Provide prepaid service options to better manage

energy consumption and optimizing collection

efficiency

Customer Satisfaction

Smart Grid- Advanced Metering Infrastructure 
Applications

UtilityCustomer 

20

Å Provide options for the consumer to limit use of

power during peak period (high price) and

maximize use during off-peak (low price)Enable

consumers to better manage their energy usage

Time-based Pricing



21

Smart Grid- Advanced Metering Infrastructure 
Cost Benefit Analysis

Á AMI Metering Equipment and

Communications Infrastructure

Implementation

Á IT Systems and Integration: MDAS,MDM,

storage system, data integration platform,

analytics software

Á Program Management

Á AMI Operational Costs

Costs

Á Reduction in Meter Reading Costs

Á Reduction in Field & Meter Services

Á Theft / Tamper Detection & Reduction

Á Efficiency Improvement in Billing and

Customer Management

Á Improved Capital Spend Efficiency

Benefits

Other consumer/societal benefits include demand response program which enables reduction in peak 

demand, avoided economic cost for customer due to shorter restoration times and increased level of 

customer service leading to higher customer satisfaction levels



Advanced Distribution Management System
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Smart Grid- Advanced Distribution Management 

System: Key Characteristics

ADMS is a collection of applications designed to monitor and control the entire distribution side in a 

power network

Electronic User 

Interface

Integration of 

DMS with External 

Systems

DSCADA
Distribution 

Operations 

Model

Data 

Archiving

VDSCADA provides the field-facing

interface that enables the DMS to

monitor the distribution field

equipment in real-time.

VAlso enables ADMS to initiate and

execute remote control actions for

controllable field devices in

response to operator commands or

application function control actions

Key Outcomes of DMS:

Å Power Quality improvement

Å Minimizing Outages

Å Improving Reliability of the

system

Advanced 

Applications



FFA

Field force automation (FFA) 

optimizes the way utilities 

complete planned work, 

respond quickly to emergency 

situations, automate validation 

of field data and improve overall 

workforce performance

24

GIS

AMI

OMS

DMS

GIS interface enables the

ADMS to obtain information

for building the static network

connectivity model, displays,

and electrical model used by

the distribution application

functions

Interfaces used for real time

data capture of partial

restorations, device status

changes, and temporary

device additions and deletions

(jumpers and line cuts)

Voltage measurements acquired 

via AMI provide feedback to the 

VVO application to ensure that 

voltage at the customer 

locations are within specified 

limits

Smart Grid- Advanced Distribution Management 

System Integration with other systems



Smart Grid- Advanced Distribution Management 

System Advanced Distribution Applications

25

The addition of advanced 

distribution applications in ADMS 

provides a clear distinction between 

ADMS and DSCADA. Some of the 

advanced distribution applications 

are listed here:

On-Line Power Flow

Å OLPF program used to determine

electrical conditions on the utilityôs

distribution feeders in near real-time

Å Provides calculated current and voltage

values in place of actual measurements

and can alert the operators to abnormal

conditions out on the feeders

Switch Order Management

Å Assists Dispatcher in preparing and

executing switching procedures

Å Assists user in generating switching

orders with applicable safety

Å Supports creation, execution, display,

modification, maintenance, and printing of

switching orders

Volt/VAR Control

Å Automatically determines optimal control

actions to achieve specified operating

objectives

Å Generates advisory control actions

Å Automatically executes the optimal control

actions without operator verification



Smart Grid- Distribution Management System 
Advanced Distribution Applications

26

Fault Location, Isolation and Restoration

Å Provides SAIDI improvement benefits for

a wide variety of feeder configurations

Å Automatically detect faults and

approximate fault location and then

restores service automatically

Å Control actions is executed by issuing

supervisory control commands

Short Circuit Analysis

Å Enables utilities to calculate the three-

phase voltages and currents on the

distribution system

Å Enable users to identify estimated fault

location

Å Results of SCA can be used for other

applications like FLISR, Relay protection

and coordination

Optical Network Reconfiguration

Å Minimize total electrical losses on the

selected group of feeders over a specified

time period

Å Minimize the largest peak demand among

the selected group of feeders

Å Balance the load between the selected

groups of feeders

Short Term Load Forecasting

Å Uses historical load and weather data to

forecast the system load automatically

Å STLF results are available for viewing and

outage planning

Å Used by other ADMS application functions

that require an estimate of expected peak

loading in the near term
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Duke Energy ïOhio Smart Grid 
Improving Operational Efficiencies using AMI

Project Highlight

Background Project objectives Project desired outcomes 

For Consumers

Å Improved accuracy of

billing.

Å Energy use

information available

in near real time

For Utilities

Å Decreased billing calls

due to reduced bill

estimates.

Å Reduced outage time.

Å Reduction of system

losses due to

improved modeling.

Å Improved data for

investment planning

2

1

Å To implement distribution

automation to help

prevent and shorten

outages

Å To enable AMI and reduce

the need for estimated

bills

Å To enable remote service

connections and

disconnections for faster

customer service

Å To capture and post daily

energy usage data online

so customers can make

wiser energy decisions

Å To incorporate more

renewable, distributed

generation into the grid

ÅTotal investment of USD 100

million allotted in AMI and DA

application

ÅApproximately 140,000 new

smart grid meters installed

since 2008 in Ohio impacting

700,000 consumers

Sources

Å eia.gov/analysis/studies/electricity/pdf/sg_case_studies.pdf

Å naruc.org/international/Documents/Duke%20Smart%20Grid%20%20-%20Don%20Schneider%20Duke%20Energy.pdf
28



Duke Energy ïOhio Smart Grid 
Comparison of traditional grid operations and smart grid operations post deployment of 

Advanced Metering Infrastructure (AMI)

Meter Readers walk from house to house

to capture electric and gas meter data

with handheld equipment

No capability to understand if a customer

issue was on the utility or customer-side

of the meter

Traditional meters did not offer capabilities

to detect tampering (mis-wired or

bypassed meters)

Traditional meters need to be replaced

over time resulting in regular capital cost

Smart meters send interval data directly to the utility 

and hence eliminating most of annual meter reading 

labor costs

Real-time remote diagnostic helped determine if 

meter is operating normally. If meter was receiving 

voltage, no field personnel are sent to investigate.

Smart meters generated tampering alarms and 

monitored meter data to identify theft. This resulted 

in increased revenue by 0.5% of overall revenue

Smart meters do not require the use of equipment

related to manual meter reads such as handheld

devices resulting in reduced costs

Traditional Operations Smart Grid Operations
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Traditional meters and associated

handheld equipment decrease in accuracy

over time, requiring routine testing

Due to their digital nature, smart meters do not

require regular testing to ensure accuracy hence

resulting in reducing testing and refurbishment costs

Meter Reads

Meter 

Diagnostics

Power Theft

Capital 

Costs

Operational 

Costs

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011
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Duke Energy ïOhio Smart Grid 
Comparison of baseline grid operations and smart grid operations post deployment of 

Advanced Metering Infrastructure (AMI)

Outage 

Detection

Billing 

No capability to detect the outage

locations and extent of customer

outage

Issuance of bills were delayed by as

much as two days

With capability to analyze and detect customer

outage using real time meter data it avoided

ñalreadyrestoredòtickets and reduced assessor

labor costs

Bills to be made available on the first day of the

billing cycle leading to acceleration of cash

collections and interest expense reduction

Traditional Operations Smart Grid Operations

Apart from financial benefits, implementation of smart grid technologies like AMI provided social benefits

through reduction in fuel consumption, CO2 emissions, increasing energy efficiency, and enabling a cleaner

environment

Vehicle 

Management

Traditionally meter readers used meter

reading vehicles to manually read

meters on door-to-door routes

Metering data is communicated via wireless network

to utility which reduces need for manual meter

reads, resulting in the reduction of vehicles used for

meter reading

Accuracy 

Improvement

Traditional meters on average, register

a slightly lower energy use reading

than actual consumption.

The electric smart meters do not have moving parts

and can correct temperature-related error, making

them inherently more accurate and resulting in

revenue gains of 0.3-0.35%

K
e
y
 E

le
m

e
n
ts

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011
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Duke Energy ïOhio Smart Grid 
Comparison of traditional grid operations and smart grid operations post deployment of 

Distribution Automation (DA) system

Load Tap Changers and capacitors in

traditional grids not automated

Difficult to detect faulty capacitors, 

capacitors might be offline for a year 

before being detected

No real time data or automation to fine

tune system for conditions like peak load

Algorithms in the DMS  continually make control 

decisions based on real-time voltage readings (eg. 

Reduce the voltage drops along the line) providing 

energy savings and thus reduction in fuel cost

Equipment monitoring, faulty capacitors can be 

identified and repaired or replaced immediately.  

This improved capacitor effectiveness and enabled 

the avoidance/deferral of capital expenditures. 

DMS is engaged to activate fine tuning. Fine tuning 

enables more efficient distribution of power and 

resulted in less capital investment for handling peak 

load and improved overall operating expenses

Traditional Operations Smart Grid Operations

K
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y
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ts

No capability to analyze real time load

data or perform automatic on-demand

load switching

Improved grid data access and analysis capabilities

is used for optimized load switching. Resulting in

delayed capacity upgrades by one-two years thus

deferring capital expenditures.

System 

Voltage 

Reduction

VAR 

Management 

System Fine-

tuning 

Asset 

Management

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011
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54

50
17 10 8

8 7

73

System Voltage
Reduction (DA)

Off-cycle / off-
season meter
reads  (AMI)

Regular meter
reads (AMI)

Meter operations 
ïAvoided capital 

costs (AMI)

Vehicle
Management

(DA)

Power Theft
(AMI)

Meter accuracy
improvement

(AMI)

Remote Meter
Diagnostic (AMI)

Others (AMI and
DA)

Total

Estimated 20 Year Net Present Value of Operational Benefits (in USD million)

Duke Energy ïOhio Smart Grid 
Estimation of NPV of operational benefits through deployment of Advanced Metering 

Infrastructure (AMI) and Distribution Automation (DA) system

Break-up of benefits based on savings category

35%

34%

17%

14%

O&M Cost
Savings

Fuel Cost
Savings

Capital
Deferment

Incresed
Revenue

Total 20 Year 

NPV Savings 

USD 383 

million

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011

A number of operational benefits are unlocked as a result of AMI implementation which generate positive 

NPV for the project - Thus allaying fears of utilities, if any of high initial costs of smart grid implementation 

Break-up of benefits based on functionality

$212Million, 
55%

$171Millon, 
45%

DA

AMI

Total 20 Year 

NPV Savings

Source: Duke Energy Ohio Smart Grid Audit and Assessment, 2011
32



Smart Grid Enterprise Integration
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ÅEnterprise Resource Planning 

ÅEnterprise Asset Management 

ÅMobile Workforce 

Management

ÅCustomer Information 

Systems

ÅEnergy Management System

ÅSCADA

ÅGIS

ÅDMS

ÅAsset Management

ÅSubstation Automation

Execution, 

monitoring and 

control of the 

electric system

Commercial decision 

making, planning, 

business processes 

management and 

resource allocation

Information Technology (IT) is associated with back-office information systems relating to accounting,

billing and revenue, workforce records, etc. Operation Technologies (OT) on the other hand include

software applications that provide operational control of assets in the electric network in real time

IT OT

IT
-O

T
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p
p
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G
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d

The need to integrate

new types of

assets/agents to the

electric network and

realize their full

operational benefit

Siloed Smart Grid applications wonôt support efficient operation of the distribution system,  the full 

value of the smart grid lies in integration of IT and OT

Smart Grid Enterprise Integration 
IT &OT in Smart Grid

D
ri
v
e

rs
 f

o
r 

IT
-O

T
 

In
te

g
ra

ti
o

n

Increasing imperative

for utilities to leverage

software to interpret

the numerous streams

of data flowing from

these sensors

Most of the market

offers separate

solutions for these two

domains, resulting in

duplication of systems

and processes

21 3

34

Manifold increased

volume of data

generated across

multiple OT and IT

applications and its

management

4



IT/OT Integration
Bring together real time systems with corporate applications

EAM, CIS, MWFM and

DRMS

SCADA, EMS and DMS

Operational Technology

Real time monitoring and control of critical  field assets

Benefits of the IT/OT 

Converged Enterprise

Lowering of operational and

capital costs across the

value chain through faster

response to real time

conditions

Accuracy and consistency in

data across different

application for operational

and informed business

decision making

Preventive and predictive

maintenance techniques

leads to reduced

maintenance and renewable

costs

Enable utilities to reduce costs across the software management landscape, including enterprise

architecture and information and process integration

Source: Ventix Presentation,  IT/OT Convergence

IT/OT

Integration

35

Smart Grid Enterprise Integration 
IT &OT in Smart Grid

EAM: Enterprise Asset 

Management

CIS: Customer 

Information System

MWFM: Mobile 

Workforce Management 

System

DRMS: Demand 

Response Management 

System

SCADA: Supervisory 

Control and Data 

Acquisition

EMS: Energy 

Management System

DMS: Distribution 

Management System



Enterprise Asset 

Management

Traditional Scenario Convergence of IT-OT

Stored 

Asset Data

Maintenance Activity

Enterprise Asset 

Management
Real time asset 

data - SCADA

Asset Health Model ï
Predictive Analytics, trending & 

forecasting of equipment 

performance

Equipment Alarms/ 

Notification/ Root Cause/ 

Potential FaultBased mostly on manufacturer 

specifications of standard 

maintenance and required work 
Work Management 

System (WMS)

Work Order ï

Replace/Repair

Asset Health Monitoring ïAutomatic monitoring tasks on all assets in a substation in near real time using 

and enabling preventive maintenance

Source:  ABB: Convergence of Information and Operation Technologies (IT & OT) to Build a Successful Smart Grid
36

IT

OT
Key

EAM (IT) store and manage asset data 

EAM manages maintenance task for 

asset. 

In traditional scenario - no consideration 

of actual working or loading conditions, 

connectivity, operational parameters, etc. 

EAM gets near real time data from SCADA (OT)

Advanced applications implemented to perform predictive 

maintenance, trending and forecasting of equipment performance. 

Analysis used to determine impact of asset performance on overall 

system (technical & economic) and also remedial actions given via 

WMS (IT) to  field staff improve the assetôs performance. 

1 2

Smart Grid Enterprise Integration 
Use Case



37

Self Healing Networks ïAutomatic network monitoring  enabling isolation of  fault and minimizing its 

impact on end customers 

FLISR Application

(fault location, isolation, and service 

restoration)

Fault Current 

Indicator 

Status

Breaker/

Switch 

Status

SCADA

Switching 

control action 

sent to Field 

Devices

GIS ï

Network 

Model

Data Analysis

Unbalanced load flow 

calculations

Optimum Switching plan 

determined

IT

OT
Key

Source: IT/OT convergence, ABB Review 

FLISR  application gets real time inputs 

such as fault current, faulted circuit 

indicator status, breaker/ switch status 

and network model from GIS

Using inputs application

determines optimal switching

plan to isolate the fault and

restore service to as many

customers as possible

Unbalanced load flow

calculations using network model

performed to determine any

voltage violations for the possible

switching plans

Once the optimal switching

plan has been chosen, the

appropriate control actions

can be transmitted to the

field devices through

SCADA (OT)

communications

Convergence of IT and OT in Smart Grid foster new applications like predictive asset maintenance, smart self 

healing and many others which in turn increase efficiency and reduce costs in the industry

1 2

Smart Grid Enterprise Integration 
Use Case
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Model Road Map for Smart Grid Implementation
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The transition to the smart grid will be driven by the interests and desires of the primary beneficiariesð

utilities, individual consumers, and society in general. The implementation guideline is based on common 

methods for designing projects, where it is essential to understand your ambition and starting point and then 

devise a strategy for moving from A to B.

Framework for SG 

Implementation

1

2

3

4

5

6

Implementation Guideline Framework For Smart Grid

Setting goals that are specific to

the business objectives and

regulatory and policy obligations

Gap analysis between goals and current 

position and identifying infrastructure/ 

upgrades to meet those goals.

Roadmap for the transition

between todayôsposition

and the business goals

Developing  quantitative cost-benefit 

analysis and building case for regulatory 

approval of smart grid investments

Developing implementation strategy

that includes project management,

technology selection and risk

assessment and management

Focus on review and

corrective action.

Identifying what went

wrong and how can it be

corrected
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Business 

Objective

Current Policy & 

Regulatory Setup

Future Socio-

Economic Scenario

Industry 

Objectives

Goal Setting

Current State

Desired Future 

Smart Grid State

Gap Analysis

List of Solutions
Vision and 

Roadmap

Consumer and 

Utility Cost-benefit 

analysis

Business & 

Regulatory 

Case

Investment 

Plan

Technical 

Feasibility
Implementation

Project 

Management

Incentive 

Schemes

Cost 

Recovery

1

2

34

5

Review and 

Improve

6

Implementation Guideline Framework For Smart Grid
Activity Flow

Mechanical 

Relays

Operable 

Switch Gear

Manually 

Operated 

Breaker

Electro 

Mechanical 

Relay



ü Automated

Metering

Infrastructure

üEnergy

Accounting/

Billing

üAsset

Management

üCustomer

Care / IVR

üTrouble Call

Management

Current State SCADA/ DSCADA/ 

GIS Ready

IT 

Services
ADMS DER

Smart 

Grid

Implementation Guideline Framework For Smart Grid
Current to Future State Pathway

ü Mechanical

relays

ü Manually

operable

switchgear

ü Electro

mechanic relay

ü Manually

operated

breakers

ü Old 11KV

O/H lines,

overloaded

substations

ü Construction of

33/11 s/s, 33 kV & 11

Kv Lines

ü Substation

Automation System

ü Remote Terminal

Units, Intelligent

Electronic Devices

ü Communication

System

ü Fault Passage

Indicators, Capacitor

Banks/ OLTC / Auto

Reclousers

ü SCADA

ü GISï regularly

updated

ü State

Estimation

ü Load

Balancing

ü Load

Forecasting

ü Load

Profiling

ü Voltage

VAR Control

ü Operations

Monitoring

ü Advanced

OMS, FLISR

ü Renewable

Forecasting

ü Solar PV

ü Storage

Cell

ü Prosumers

ü Demand

Response

ü Home

Automation

ü Smart

Appliances
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73

30

9

7

6

6

4
3

2
2 2 1 1 1

Wholesale
sales due to

freed-up
capacity (DA)

VAR
Management

(DA)

System Fine-
tuning (DA)

Outage ï
Incremental 

Revenue 
(AMI)

Outage
Detection

and
Verification

(AMI)

Fuel Cost
Reduction

through VAR
reduction

(DA)

Meter 
operations ï
Decreased 

annual 
expenses 

(AMI)

Continuous
Voltage

Monitoring
(DA)

Capacitor
and Circuit

Breaker
Inspection

(DA)

Asset
Management

(DA)

Call center
efficiency

(AMI)

Increase in
Safety (AMI)

Power
Shortage
Voltage

Reduction
(DA)

Total for
Others

Estimated 20 Year Net Present Value of Operational Benefits (in USD million) ïBreakup of 

Others

Duke Energy ïOhio Smart Grid 
Estimation of NPV of operational benefits through deployment of Advanced Metering 

Infrastructure (AMI) and Distribution Automation (DA) system
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Mandatory adoption of smart meter - 4.8

million smart meters installed and 4.5

million customers on time of use (TOU)

rates

Reduction in energy consumption and

lower cost of electricity supply

ÅYes- To communicate changes to 

customers and help set their 

expectations for future smart grid 

initiatives

ÅA central TOU roll-out working group 

formed to develop consumer 

engagement material

Å Initial 6000 smart meter deployment for a national 

pilot

ÅTo proceed for national smart meter roll-out from 

2015-2019

ÅShift peak electricity demand and reduce overall 

electricity consumption

ÅYes- Emphasizing the opportunity for the 

consumers to reduce their bill

ÅDR participant received supporting information in 

form of stickers and consumer bill contained 

detailed usage and supplied tips on energy 

reduction

Canada

Ontario Smart Meter Deployment 

Project (2004-2012)

Ireland

Smart Meter Pilot - Trial using ñOpt-inò 

Model (2009-2012)

K
e
y
 P

a
ra

m
e
te

rs

Project 

Highlights

Project 

Drivers

Customer 

Engagement

Smart Grid- Advanced Metering Infrastructure 
AMI Global Case Study Result Summary

Key 

Benefits

ÅReduces the number of crew visits to 

read and service meters

ÅSavings in avoided/deferred capacity 

investments in new generation and 

transmission

ÅTOU tariffs were effective in both reducing and 

shifting consumption

Objective of this comparison is to analyze different approaches of AMI deployment

Source: AMI Case Book Version 2.0. International Smart Grid Action Network; 2014.
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ÅSingle centralized MDM/R integrated

with AMI of all DisComs to provide

aggregated consumption for future

policy and program planning

ÅCreated robust guidelines for managing

meter data - incorporated privacy by

design

ÅOff peak time of 10 PM faced

opposition because of impracticality of

waiting to switch on heavy load devices

and hence was shifted to 7 PM

ÅConsumer behavior trials conducted to determine

smart meter potential for reduction in energy

consumption

ÅParticipants who had an In-home display were

able to reduce their consumption more than

others

Canada

Ontario Smart Meter Deployment 

Project (2004-2012)

Ireland

Smart Meter Pilot - Trial using ñOpt-inò Model 

(2009-2012)

K
e
y
 P

a
ra

m
e
te

rs

Other 

Project 

Aspects

Results

Way 

Forward

ÅCompleted in 2012 with $1 Billion CDN

Å3% shift from peak to off-peak

ÅBenefit value: $1.6 Billion CDN

ÅAggregate MDM/R data provides a

valuable resource to create innovative

projects and services for customers

ÅTo enable this innovation, Ontario is

conducting a Green Button pilot to

determine best practices for granting

customers and third parties safe access

to customer data.

ÅOpt-in model - achieved 30% response rate

ÅOverall 2.5% consumption reduction and 8.8%

peak demand reduction from TOU Tariffs

ÅNPV: Euro 174 Million if implemented

ÅNational smart meter rollout by early 2019 to

enable real time monitoring of the LV network

level & allow increase of distributed generation

and virtual power plants

Smart Grid- Advanced Metering Infrastructure 
AMI Global Case Study Result Summary



49

ÅA 2 year small-scale AMI rollout for 

regular replacements, new houses and 

on customer request

ÅLarge scale roll-out for all consumers 

as phase-2 of the plan

ÅEasy switching for consumers between

suppliers

Å Improve operational efficiency

ÅSupport energy savings for end use

consumers

ÅNo- Mandatory rollout announced

without consumer interaction

ÅFaced opposition from national

association of consumers for privacy

and security concerns which resulted in

policy change to voluntary rollout

ÅFull deployment of AMI meter- 32 million smart

meter vs 37 million total customers

ÅGreater reliability and power quality

ÅCreating more customer choice

ÅYes-To inform customers about the replacement

campaign, and spread awareness of benefits

ÅCommunication plan included brochure &

documents, congresses, promotional billboards,

press releases and dedicated trade papers

Netherland

National Smart Meter deployment project

(Phase-1 2012-2014))

Italy

Telegestore Automated Meter Management 

Project (1999-2006)

K
e
y
 P

a
ra

m
e
te

rs

Project 

Highlights

Project 

Drivers

Customer 

Engagement

Key 

Benefits

ÅEnergy saving

ÅSavings on call centre costs

ÅLower cost level as a result of the

market mechanism (increased

switching)

ÅSavings in meter reading costs

ÅReplacement of worn-out meters, which

measured lower consumption

ÅCorrection of database records

ÅDetection of tampered installations from fraud

and theft

Smart Grid- Advanced Metering Infrastructure 
AMI Global Case Study Result Summary



50

ÅThe rollout (phase-2) will partly be

funded from the current meter tariff.

This tariff will be stable in the first years

of the roll out and could remain

unchanged or even drop

ÅRemote curtailment functionality ensures

minimum social supply to all for a limited period

of time, instead of outright cut-offs (power limited

to 10% of their contract value in case of load

violation)

Netherland

National Smart Meter deployment project

(Phase-1 2012-2014))

Italy

Telegestore Automated Meter Management 

Project (1999-2006)

K
e
y
 P

a
ra

m
e
te

rs

Other 

Project 

Aspects

Results

Way 

Forward

ÅSmall scale pilot in final stages

ÅCost-benefit-analysis shows a positive

NPV of approximately EUR 770 million

ÅStart of a large scale role out of smart

grid expected in 2015/2016

ÅCompleted in 2006 with a cost of 2.1 Billion

Euros

Å500 Million yearly savings

Å1.5 TWh energy recovered in 2005

Å30,000 tons CO2 emissions reduced in 2010

ÅDesign & development of 2nd generation smart

meters to replace the current smart meters at

their end of life (expected lifetime 15 years) is

underway

Å

ÅProposal to exploit synergies between electricity

metering and other utilities metering systems,

(gas and water.)

Smart Grid- Advanced Metering Infrastructure 
AMI Global Case Study Result Summary
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4

Phased 

Approach

Cyber 

Security
Roll Out 

Policy

phased approach to AMI

deployment is preferable over

a complete system upgrade

Undertaking pilot projects at

initial stages enables the

utilities to understand the

challenges and benefits from

these deployments

Either mandatory or voluntary

policy should be based on the

regulatory environment and

market context of the country

A balanced approach may be

required where consumers with

a minimum load be eligible for

smart metering plan whereas

others be put in on an opt-in or

opt-out model.

Privacy and security are one of

the major concerns voiced by

various NGOôsand consumer

groups across all regions.

Privacy and security issues

should be tackled by utilities at

the time of smart grid planning

groups through institutional,

regulatory and policy measures

Customer 

Engagement

Key 

Learnings

Utilities that involved customers

from the start of the project have

been able to execute the

program hassle free

Important to educate the

consumers about SG benefits

prior to roll-out to obtain their

support.

1 2

3

Smart Grid- Advanced Metering Infrastructure 
Key Learnings for India from Global AMI Deployment


