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Analytics, leverage information in new and compelling ways

1. The Environment driving our Energy industry
2. Analytics – A platform for supporting change
3. Decision support systems span operational and information technologies

Agenda:
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Grid emerging issues 
Peak Power

Peak Power driving our grid costs
Are Electric Vehicles the new air conditioners?
Solar doesn’t help

Wholesale market drivers have low 
coincidence with network constraints 
(<18% in one recent study)

TimeT
T-10T-20T-30T-40

Power
Grid Visibility 

Reducing grid losses (improve power factor, voltage reduction and 
phase balance)
All of these issues require greater visibility of the MV and LV 
networks to inform when and where corrections should be applied

Renewables:
Voltage rise from solar PV
Variability of grid impact
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Smart Grid Analytics
An evolution.....
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Smart Grid capabilities are analytics driven, that can evolve over 
time; starting small and building in maturity / capability: 

Publish – Subscribe 
capability

Information and AnalyticsInstrumented Grid Process
Automation

Monitor grid state
(V, I, power flows, energy)

Reduce maintenance and 
field crew labour

Reduce unplanned 
outages and maintenance 

Reduce outage 
restoration times

Improve strategic 
planning

Improve  / automate 
crew dispatch

Reduce opex

Improve  / automate 
grid control

Monitor  grid device state 
and stress history
Monitor   power

quality, reliability

Detect/localise/diagnose 
outages automatically

Detect/localise/anticipate 
faults automatically

Increase grid connectivity 
automate switching control Extend equipment life  

right-size equipment
Capture work force 

knowledge

Accommodate 
demand growth

power quality Improve 
grid reliability

Mitigate aging  work 
force 

Improve customer 
experience

Optimise CapEx

Maximise asset 
utilisation / life cycle

Intelligent Grid Function Enables the Outcome Yielding the benefit
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Common Information Bus(es)

EDW PI

Analytics & BI dashboard 

Analytics; requires an open architecture and CIM + 
relational and time series capabilities:

Signal 
Analytics

Event  
Analytics

State  
Analytics

Engineering/
Ops Analytics

Customer 
Analytics

Network
Analytics

Technical
Analytics

Business 
Intelligence 

Substation 
Waveforms

Line Sensor 
Waveforms

Meter Data
(non-Usage)

Other 
Sensor

Time 
Domain

Frequency 
Domain

Impedance / 
Distance

Classification

Trend Correlation

Filtering

Switched State 
of network

Parametrics 
System 

Identification

Operational 
Effectiveness

System
Performance

Load Trends 
Forecasts

Non Linear Load 
Behaviour

Demand Response 
Behaviour Forecasts

Diversion 
AnalysisDemand 

Profiles

Customer 
Segmentation

Asset Health & 
Stressors

Asset 
Utilisation

Technical 
LossesCarbon 

Impacts

PQ Flows

V,I Phasors

Real Time 
Electrical State
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Distribution example 1
Operational, Performance 
measurement focus
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We are starting to move past guessing:
End to end analytics will drive us into the economic sweat spot that policy demands 
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From Distribution Automation (supporting DSM, 
reliability and loss):

Distribution 
Automation and 
SCADA 
technologies......

Will are supported 
by analytics in a real 
time sense..... 
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To analytics that support improved decision support at 
an Operational Technology level:

Providing better 
system balance, 
lowering of system 
losses, accurate 
engineering 
assessments

Analytics

Historian

Real-time bus

EDW

PI
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To OT / Finance based analytics that support strategic 
operational directions:

Then translating that into economic models that provide near real-time Key 
Performance Data and advanced Scenario planning:
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Data, transformed into information and knowledge  provide better 
decision support for operational and business objectives



© Copyright IBM Corporation 16© Copyr ight  2012  IBM 16

Distribution example 2
Optimisation, loss minimisation 
focus
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This suite of analytics provides a Power Grid Model which is CIM 
based and brings static and dynamic aspects of grid together

Captures the precise point 
where measurements are 
taken.
Based on the CIM’s Terminal-
Measurement relationship.
Allowing information retrieval 
based on on the Switch’s 
state. 

Provides grid connectivity context, 
taking consideration of both the 
static topology and the dynamic 
state of switches. 
In figure above, the same 
measurement point feeds one or 
three substations, depending on 
the grid switching.

TimeT
T-10T-20T-30T-40

Power

This provides a historic context 
to time-series data streams for 
any periods of time. Grid state 
changes can e.g. explain 
suspicious changes in load at a 
point in time in the past. 
Support for fault- and other 
investigations, providing the grid 
connectivity for a past point in 
time. 
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Next G

With a core of technical analytics built on an OSI PI platform, IBM built the 
solution to be sensor agnostic; and provide many  business value streams:

ERPPortalAnalyticsGISOMS

DNMS Power
Model VisualisationHistorian

Enterprise Services Bus

Real Time Services Bus
Operations 

Users
Engineering

&
Planning 

Users

Field  UsersBusiness  UsersOperational   Users

En
te

rp
ris

e 
IT

O
pe
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l 

En
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Monitoring
Device

LV/MV Grid



© Copyright IBM Corporation 19© Copyr ight  2012  IBM 19

Next G

With a core of technical analytics built on an OSI PI platform, IBM built the 
solution to be sensor agnostic; and provide many  business value streams:

Improved time to diagnose and rectify 
outages.

Proactive reporting of faults instead of 
waiting for customer to report fault
Remote diagnosis of fault location on 
11kV feeder
Remote setting of Earth Fault Indicators.
Load Surveys can be avoided due to the 
presence of accurate measurement 
data.

Improved network planning and 
management of capital expenditure

More data is available to support 
planning and forecasting.
Network Augmentation Deferrals
Power Factor and Phase balance 
correction

Outage Data management
Reduce battery monitoring costs
Faster decision on new connections 
(customer > 100 amps)
Customer voltage investigations
Inbound outage calls management
Enables LV Parallel Processes

ERPPortalAnalyticsGISOMS

DNMS Power
Model VisualisationHistorian

Enterprise Services Bus

Real Time Services Bus
Operations 

Users
Engineering

&
Planning 

Users

Field  UsersBusiness  UsersOperational   Users
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Analytics - high functionality via effective integration and 
visualisation
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When metering data is combined with last transformer 
data, LV Phase Connectivity can be determined 

Alternative approaches to determining LV connectivity (GPS coincident
measurement system, correlation of AMI data with known network analog data)

Phase ID Data 
loggers
Powersense devices

Measurement of the:
kWh, or
Instantaneous Current, or
Instantaneous Power.

Periodic measurements taken at:
Smart Meter at customer.
Smart Sensor at Transformer.

Meter and Substation data are processed 
to accurately identify phase connections of 
each meter

Phase balance benefits projected
at $millions per annum
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Generation  example 3
Managing mixed energy sources
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Unit Commitment in a generation portfolio:
Which units, which time, what levels?

Each Thermal Generator has
-An initial production level
-Minimum maximum generation level
-Minimum up and down times
-Maximum ramp up and down rate
-A startup fuel consumption coefficient
-A linear fuel consumption formula

Each Renewable source has
-An initial production level
-Minimum maximum generation level
-Response time
-Predictable time of capacity at capacity %
-Predictable variability 

Bureau of Meteorology 

Historical Data
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Virtual Power Production Solution

24

SCADA

SCADA Adapter

Ex
is

tin
g 

C
lie

nt
 

A
ss

et
s

Real-time &
Historical Database

OSI Soft
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System

Field Device Cabinet *Data Capture
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Analytic Tools 
/
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Generation  example 4
Condition Monitoring
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Common Information Bus(es)

EDW PI

Analytics & BI dashboard 

Various analytics can be addressed – depending on the 
problem  

Signal 
Analytics

Event  
Analytics

State  
Analytics

Engineering/
Ops Analytics

Customer 
Analytics

Network
Analytics

Technical
Analytics

Business 
Intelligence 

Substation 
Waveforms

Line Sensor 
Waveforms

Meter Data
(non-Usage)

Other 
Sensor

Time 
Domain

Frequency 
Domain

Impedance / 
Distance

Classification

Trend Correlation

Filtering

Switched State 
of network

Parametrics 
System 

Identification

Operational 
Effectiveness

System
Performance

Load Trends 
Forecasts

Non Linear Load 
Behaviour

Demand Response 
Behaviour Forecasts

Diversion 
AnalysisDemand 

Profiles

Customer 
Segmentation

Asset Health & 
Stressors

Asset 
Utilisation

Technical 
LossesCarbon 

Impacts

PQ Flows

V,I Phasors

Real Time 
Electrical State
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Common Information Bus(es)

EDW PI

Analytics & BI dashboard 
In this case Condition Based Monitoring

Signal 
Analytics

Event  
Analytics

State  
Analytics

Engineering/
Ops Analytics

Customer 
Analytics

Network
Analytics

Technical
Analytics

Business 
Intelligence 

Substation 
Waveforms

Line Sensor 
Waveforms

Meter Data
(non-Usage)

Other 
Sensor

Time 
Domain

Frequency 
Domain

Impedance / 
Distance

Classification

Trend Correlation

Filtering

Switched State 
of network

Parametrics 
System 

Identification

Operational 
Effectiveness

System
Performance

Load Trends 
Forecasts

Non Linear Load 
Behaviour

Demand Response 
Behaviour Forecasts

Diversion 
AnalysisDemand 

Profiles

Customer 
Segmentation

Asset Health & 
Stressors

Asset 
Utilisation

Technical 
LossesCarbon 

Impacts

PQ Flows

V,I Phasors

Real Time 
Electrical State
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Examples of 
online 
monitoring; 
Hydran or 
Kelman devices

Within the transformer there is a slowly 
increasing level of acetylene which is 
being locally monitored. Alarm thresholds 
extend the knowledge of this to 
maintenance and operations

Engineering/
Ops Analytics

Load Trends 
Forecasts

Decision support is done today by manual readings and “experience”

EDW PI
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Examples of 
online 
monitoring; 
Hydran or 
Kelman devices

Engineering/
Ops Analytics

Load Trends 
Forecasts

Asset Health 
& Stressors

EDW PI

It’s one thing to monitor its another to interpret the results and 
correlating them with incipient faults:

Input
Data

Resource

Cost, Revenue

Ambient conditions

Constraints

Asset Condition 

Failure history
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Knowing ambient conditions and load constraint factors allows categorization of priority 
to repair (in this case avoiding overtime):

Overloaded
Transformer?

High Temp 
< 28°

Prob = 1%

28° ≤ High 
Temp < 33.5°

Prob = 4%

High Temp 
≥ 33.5°

Wind < 13.5

Before 
4:30am

Lightning

Prob = 77%

No 
Lightning

Prob = 26%

After 
4:30am

Prob = 79%

Wind ≥ 13.5

Prob = 15%

Note: Time frames are from Midnight to 4:30am and 4:30am 
to Midnight; high temperatures are for the entire day.

EDW

Analytics & BI dashboard 

Overload
Transformer

Other  
Rules

Business 
and Operational
Rules

Take action

PI

Real-time bus
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Advanced operational analytics – the next step, in using probability / statistical analysis

Modeling

Modeling Tool
(Based on manufacturers
Life data and CBM)

Modeling Tool
(Based on manufacturers
Life data and CBM)

Rule Engine

Rule Building Tool 
(When to service based 

on FMECA)

Rule Building Tool 
(When to service based 

on FMECA)

FMECA
(Pre-developed from 

A Failure modes analysis)

FMECA
(Pre-developed from 

A Failure modes analysis)

Solver

Data 
Mining 
Engine

Data 
Mining 
Engine

Optimisation 
Engine
Life 
Optimisation

Optimisation 
Engine
Life 
Optimisation

Input
Data

Resource

Cost, Revenue

Ambient conditions

Constraints

Asset Condition 

Failure history

Rule Insight

Solution Value

Knowledge

Life assessment 

What – If analysis on transformer

Repair / Replace decision

EDW

PI
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Summary

By creating standard architectures bridge the IT and OT world

By using multi-message bus approaches (real-time and enterprise)

By combining data from time-series and relational databases

By complying with standards  based data formats (CIM)

We have a rich, high value environment that is enhancing planning, operational 
and business capabilities – taking decision support capabilities to new levels. 
Allowing information to take a new position in energy production and distribution.
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