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11 KV HIGH VOLTAGE LINE

190,330 CKm

LOW TENSION (LT) LINES

412,643 Km

PUVVNL at a Glance

      11511,156
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Solution is journey towards Digitalization from Manual Process
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INGESTION & DATA SOURCES (INPUT )

Field Data Transmission Logs Commercial Smart Meter 1912 Call Centre

DATA INDIGESTION AND STORAGE TIER

Unified Data Lake
Raw Ingestion, Historical Analytics, 

Big Data & Telemetry

Reformatted Database
Structured Operational, Relational 

& Transactional State

Change Management Layer
Data Governance • Schema Evolution Engines • Audit Trails • Role-Based Access Control (RBAC)

Unified Operation Tier

Real Time Outage Asset Maintenance Load Management

Management Dash Board

Asset Health Manpower CAPEX Status

Effective Outage 
Management

Targeted Maintenance 
Activity

Focused CAPEX 
Planning

Advanced Analytics
BUSINESS VALUE & 

OUTCOMES (OUTPUT )

INPUT

STORAGE TIER

GOVERNANCE & 
INTEGRATION 
MIDDLEWARE

APPLICATION & 
PROCESSING TIER

Broad Architecture of Substation Monitoring System (SIS)



5

Operation Philosophy of Substation Monitoring System (SIS)

Real Time Supply Monitoring

Outage 
Workforce

Smart Meter Transmission

Workshop DT Daily log Book

Maintenance Priority

DT  Module VCB Sub Station

33 KV Lines 11 KV Lines Capacitor Bank

RMU Power Transformer

Capex Planning & Execution

Topology Load 
Pattern Execution

AI based Analytics from Data to take out Predictive Analysis, Exceptions etc.

Commercial Data Analysis
(AT&C, Through Rate, Line Loss, Exceptions)

AI Analytics 
On DT/Consumer DataFeeder wiseSubstation wise

ExceptionsAssets Geo 
Tagging





1. REAL TIME SUPPLY 
MONITORING



1. OUTAGE WORKFORCE

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

2. 3.

5.4.

Data Source Workforce Mobile App

Data Entry SSO / JE

Captured Data Outage Events

Updation Real-Time

Smart meter Transmission

Daily Log Book Workshop DT

Data indicates various Outages of Power element.
This helps to improve better serve of electricity.

Real-Time Dashboard
Generated from Workforce Mobile (APP)

No. of fault

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Type of fault

Cause of fault

Fault Duration

Expected Uptime etc.

1.
Outage 

Workforce



2.1 Smart Meter

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

3.

5.4.

Data Source Smart Meter

Data Entry Through API

Captured Data Outage Events

Updation Real-Time

Transmission

Daily Log Book Workshop DT

Data indicates various Outages of Power element. 
This helps to improve better serve of electricity.

Real-Time Dashboard
Real Time Dashboard from Smart Meter Data

No. of fault

Fault Duration

SAIFI SAIDI

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

1.
Outage 

Workforce

2.
Smart meter



ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

3.

5.4.

Data Source

Data Entry

Captured Data

Updation

Transmission

Daily Log Book Workshop DT

Data indicates various Outages of Power element. 
This helps to improve better serve of electricity.

No. of fault

Fault Duration

SAIFI SAIDI

Fault Duration

Expected Uptime etc.

2.2 Smart Meter
1.

Outage 
Workforce

2.
Smart meter

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Real-Time Dashboard
Real Time Dashboard from Smart Meter Data

Smart Meter

Through API

Outage Events

Real-Time



3. Transmission

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2.

5.4.

Data Source Entry form on SIS. 

Data Entry SSO / JE 
(Transmission)

Captured Data Outage Events

Updation Near Real-Time

Smart meterOutage 
Workforce

Daily Log Book Workshop DT

Data indicates various Outages of 33 kV & above Voltage level outages
of Power element.

Real-Time Dashboard
Generated from SIS Entry Form

No. of fault

Type of fault

Cause of fault

Fault Duration

Expected Uptime etc.

3.
Transmission

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer



4. Daily Log Book

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.

Data Source Entry form on SIS. 

Data Entry JE (DISTRIBUTION)

Captured Data Max/Min Volt./Curr.

Updation Periodic

Smart meterOutage 
Workforce Transmission

Workshop DT

Data indicates Max. Current & Max/Min Voltage of PTR’s & 11 kV
Feeders.

Dashboard
Generated from SIS Entry Form

Prevent Overloading

Voltage Regulation

Predictive Maintenance Scheduling

Optimize Field Workforce Deployment

Data-Driven (CapEx) Planning

4.
Daily Log Book

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer



5. DT Capacity Wise 
Damage Analysis

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

4.

Data Source Entry form on SIS. 

Data Entry JE/AE WORKSHOP

Captured Data DT Damage related Data

Updation Periodic

Smart meterOutage 
Workforce Transmission

Data indicates various DT Damage Analysis to find out the possible route 
cause of DT damage to prevent of further loss & outages.

Dashboard
Generated from SIS Entry form

Root Cause Analysis

Overloaded DTs Identified

Repeat Failure Locations

DTs Awaiting Replacement

Preventive Action Required.

5.
Daily Log Book Workshop DT

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer



2. MAINTENANCE    
MONITORING



1. DT Survey Exception 
Dashboard

ACTIONABLE INPUTS

Maintenance Priority

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry Lineman / JE/ 
AE

Captured Data DT Survey

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates various Exception of install DTs. This helps to maintain DT health & plan 
regular/routine activity as per visual/test survey to maintain DTs trouble free.

Dashboard
Generated from SIS Entry form

High Priority Exceptions

Survey Pending DTs

Exception Resolution Status

Peak hours Load Analysis

Missing DT Details

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



2. VCB

ACTIONABLE INPUTS

REATIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry Vendor / SDO / SE

Captured Data VCB Related Data

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates VCB installation/updation status, quarterly inspection schedules, 
delayed inspections, asset-wise non-working status, technical exception 
categorization, and pending-versus-resolved resolution metrics.

Dashboard
Generated from SIS Entry form

Installation Status

VCB Health Status

Quarterly Inspection Due

High-Risk VCBs

Resolution Progress

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



3. SUBSTATION

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry SSO / JE

Captured Data Outage Events

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates various shortcoming observed during testing log here for further 
resolution/planning. This helps to maintain healthy system with streamline 
efforts.

Dashboard
Generated from SIS Entry form

Critical Deficiencies Identified

Testing Pending

Annual Testing Compliance

High-Risk Substations

Resource Requirement

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

`

MAINTENANCE MONITORING



4.1 33KV Lines

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry EE / JE

Captured Data 33 kV Line Related Data

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates 33 KV Source for Sub Station. This helps in planning for increasing 
reliability. Module also provide maintenance related exceptions of 33 kV lines, 
maximum load & Tripping etc.

Dashboard
Generated from SIS Entry form

Single Source Substations

Critical 33 kV Lines

33 kV Line Maintenance Due

Breakdown-Prone 33 kV Lines

Pending Corrective Actions

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



4.2 33KV Lines

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry

Captured Data

Updation

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates 33 KV Line Peak Load & type of conductor. This helps in planning for 
Addition of 33/11kV Substation, load bifurcation to increasing reliability

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Highly Loaded 33 kV Lines

Available Spare Capacity

Need for Load Bifurcation

Need for New 33/11 kV Substation

Priority Network Strengthening

Entry form on SIS. 

SDO / JE

33 kV Line Related Data

Periodic

Dashboard
Generated from SIS Entry formMAINTENANCE MONITORING



5.1 11 kV Lines 

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry JE / Lineman

Captured Data Outage Events

Updation Real-Time

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates various Exception of install 11kV Feeders. This helps to maintain
11kV Feeders health & plan regular/routine activity as per visual/test survey to
maintain 11kV feeder trouble free.

Dashboard
Generated from SIS Entry form

Feeder Health Status

High-Risk Feeders

Inspection Compliance

Safety Deficiencies

Priority Action Plan

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



5.2 11 kV Lines

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source
Entry form on SIS / 
Backend

Data Entry EE TEST / BACKEND

Captured Data 11 kV feeders Supply 
related information 

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates substation and feeder mapping totals, feeder smart meter 
installation analysis, categorizations by feeder type (urban, rural, agricultural, 
industrial), and supply hours wise metrics.

Dashboard
Generated from SIS Entry form

Substation & Feeder Mapping Status

Smart Meter Coverage

Feeder Type-wise Analysis

Supply Hours Compliance

Industrial Feeder Performance

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



6. Capacitor Bank Dashboard

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry EE Test

Captured Data Working / AMC status etc.

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates PTR capacity-wise Capacitor Bank installations, OEM and rating-wise 
metrics, structure types, non-working breakdown analysis (firm/issue-wise), AMC 
coverage status, and operational aging analysis.

Dashboard
Generated from SIS Entry form

Installation Status

Operational Status

Capacity-wise Analysis

AMC Coverage Status

AMC TKC Performance

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



7. RMU

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry EE

Captured Data RMU Installation / 
Working Data

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates RMU configuration way-metrics (3-Way/4-Way) and handles 
critical operational data..

Dashboard
Generated from SIS Entry form

RMU Health Status

3-Way / 4-Way Configuration

Critical Operational Exceptions

Inspection Pending

Ageing RMUs

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



8. POWER TRANSFORMER

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Entry form on SIS. 

Data Entry SE STORE

Captured Data PTR Failure 
Related Data

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates provides data on capacity wise installation of PTR at Different SS, reasons 
for power transformer failures (electrical, mechanical, thermal, insulation), damaged 
PTR replacement status, guarantee period timelines, and capacity-wise status tracking.

Dashboard
Generated from SIS Entry form

Root Cause Analysis

OEM-wise Failure Analysis

Failure Trend

Warranty/Guarantee failures

Reliability Improvement Plan

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

MAINTENANCE MONITORING



3. COMMERCIAL DATA 
ANALYSIS



1. SUBSTATION WISE

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source Backend

Data Entry Backend

Captured Data Commercial 
Parameters

Updation Monthly Basis

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates monthly commercial performance metrics segmented by percentage 
slabs, covering line losses, AT&C losses, collection efficiency categories, and turnup 
slab metrics on Substation Level.

Dashboard
Generated from Backend Data

Monthly Performance Trend

Target vs Achievement

Theft-Prone Areas

Priority Action Areas

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Substations Requiring Improvement



2. FEEDER WISE

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry

Captured Data

Updation

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates monthly commercial performance metrics segmented by percentage 
slabs, covering line losses, AT&C losses, collection efficiency categories, and turnup 
slab metrics on Feeder Level.

Dashboard
Generated from Backend Data

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Monthly Performance Trend

Target vs Achievement

Theft-Prone Areas

Priority Action Areas

Feeders Requiring Improvement

Backend

Backend

Commercial 
Parameters

Monthly Basis



3.1 AI Analytics

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry

Captured Data

Updation

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

AI/ML analytics on DT and smart meter data identify anomalies and exceptions, 
enabling predictive insights, loss reduction, reliability improvement, and proactive 
operational decision-making.

Dashboard
Generated through AI/ML Analysis

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Abnormal Consumer Usage

Priority Field Verification

Commercial Loss Hotspots

High-Risk DTs

Suspected Energy Theft

Through API

Through API

Theft & Other 
Anamoly Detectation

Periodic Data



3.2 AI Analytics

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry

Captured Data

Updation

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

AI/ML analytics on DT and smart meter data identify anomalies and exceptions, 
enabling predictive insights, loss reduction, reliability improvement, and proactive 
operational decision-making.

Dashboard
Generated through AI/ML Analysis

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Abnormal Consumer Usage

Priority Field Verification

Commercial Loss Hotspots

High-Risk DTs

Suspected Energy Theft

Through API

Through API

Theft & Other 
Anamoly Detectation

Periodic Data



4. CAPEX PLANNING & 
EXECUTION



1. Topology

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry JE / AE / EE / SE

Captured Data Various Details 
of Substation

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data Convergence to build up Substation SLD indicating each Asset Parameter 
including 33 kV & 11 kV lines details , Feeder meter number, numbers of DT, 
Commercial Parameters, Capacitor Banks  etc.

Dashboard
Generated from SIS Data

Power Source Reliability

Capacitor Banks Status

Validate Network Topology

Monitor Commercial Performance

Support Data-Driven Planning

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

SIS Data 



2. Assets Geo Tagging

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry JE / AE

Captured Data Various images

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Gio Tagging is based on Geo Tag of primary and Secondary Sub Station along with 
mapping

Dashboard
Generated from SIS Data

Verify Asset Location

Identify Network Gaps

Improve Maintenance Planning

Monitor Network Expansion

Enable Data-Driven CAPEX Planning

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

SIS Data 



3. Load Pattern

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry JE

Captured Data Peak Load of 
PTR & Feeders

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data Convergence to build up Substation  Peak Loading parameters against each 
PTR and 11 KV Feeders

Dashboard
Generated from SIS Data

Identify Peak Load Hours

Detect Underutilized Assets

Prevent Transformer Overloading

Prioritize CAPEX Planning

Enable Data-Driven Operational Decisions

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

SIS Data 



4.1 Exceptions

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry JE / AE / EE 

Captured Data Various Exceptions

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Dashboard
Generated from SIS Entry Form

Prioritize Critical Exceptions

Track Pending Exceptions

Improve Asset Health

Plan Preventive Maintenance

Prioritize CAPEX Investments

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

SIS Entry Form

The dashboard captures and categorizes field-level exceptions identified during the 
survey and inspection of electrical assets by field officers, enabling timely monitoring, 
analysis, and corrective action.



4.2 Exceptions

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry JE / AE / EE 

Captured Data Various Exceptions

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Dashboard
Generated from SIS Entry Form

Prioritize Critical Exceptions

Track Pending Exceptions

Improve Asset Health

Plan Preventive Maintenance

Prioritize CAPEX Investments

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

SIS Entry Form

The dashboard captures and categorizes field-level exceptions identified during the 
survey and inspection of electrical assets by field officers, enabling timely monitoring, 
analysis, and corrective action.



5. Capex Planning & Execution

ACTIONABLE INPUTS

REAL TIME SUPPLY MONITORING

1. 2. 3.

5.4.

Data Source

Data Entry SE / JE

Captured Data Capex Scope & 
Execution

Updation Periodic

Smart meterOutage 
Workforce Transmission

Daily Log BookWorkshop DT

Data indicates various Project/Business Plan/CAPEX work for various type of work. 
This  helps to maintain stemless flow of project work & insure effective/timely 
completion of work.

Dashboard
Generated from SIS Entry Form

Projects Under Execution

Tender Status Monitoring

Delayed Projects

Work Completion Status

Resource & Material Requirement

 Reliable Supply |  Digital Workforce |  Data-Driven Decisions |  24×7 Consumer

Entry form on SIS. 



PREDICTIVE ANALYTICS
 THROUGH SIS DATA
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Predictive Analytics
• As on sample testing, prediction analytical tool was run in April to predict one area outages based on old outage data of same 

duration, old weather pattern and future weather prediction
• The predictive output was then compared with actual data in June and found the there as hit rate of 83% which is encouraging
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Predictive Analytics
• Similar prediction tool is applied for other area based on improved logics ( inclusion of three sources weather data etc) and 

inclusion of possible Distribution Transformer failure.
• Engine has given output for date wise possible outages on feeders present in old data set. Further validation will be done 

accordingly



Predictive Analytics
• Based on above, Model has suggested a simulator for prediction based on weather parameter like temperature, mansoon, storm etc and technical 

parameters like %age loading, maintenance etc.
• Simulator predicts month wise criticalness of feeders and substation so that field team can take predictive actions.





& training

Stop duplicate formats; inspections and  exceptions through the 
platform.
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THANKS THANKS 
PUVVNL Varanasi

md@puvvnl.in

PuVVNL

Whatsapp Channel Chatbot


