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Grid Modernization Planning

With Examples from Unitil’s Grid 
Modernization Plan
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Diverse goals for grid modernization

Byron 
Flynn, 
GE
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Grid Modernization

► Improve system operations

► Improve system reliability

► Decrease outages and restoration time

► Cybersecurity

► Reduce losses on the distribution system

► Increase workforce efficiency

► Provide better price signals to customers

► Improve DER integration

Advanced 
Metering 

Infrastructure

Volt/VAR 
Optimization

Fault Location 
Isolation and 

Service 
Restoration

Time-varying 
rates

Distributed 
Energy Resource 

Management 
System

Conservation 
Voltage 

Reduction

Advanced 
Distribution 

Management 
System

Bi-
directional 
equipment
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Steps of Grid Modernization Plans

1. GOALS What is the utility’s vision for the future? What 
drives the utility grid mod needs? 

2. CURRENT STATE ASSESSMENT What is the state of existing infrastructure, system 
operations, and customer needs and desires?

3. PROJECT DEFINITION What strategic pathways can meet these goals? 
What technologies, data, communications, etc are 
needed? Define costs, benefits, timing. Prioritize 
projects/programs.

4. PUTTING IT ALL TOGETHER How do the pieces integrate? What is the 
anticipated performance, risk, and cost of the plan?
Prioritization and scheduling; roadmapping.
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Goals/Objectives

Massachusetts Dept of Public Utilities (DPU) defined objectives:

1. Reducing the effects of outages

2. Optimizing demand

3. Integrating distributed resources

4. Improving workforce and asset management

Unitil’s practical grid modernization:

1. Meeting DPU objectives

2. Responding to customer interests (rate sensitivity)

3. Supporting role of third parties and market solutions for customers

4. Capital investment to replace aging infrastructure while modernizing grid

5. Anticipating transformation of electric delivery business model and 

regulatory considerations

1. Goals

This is a ten-year plan
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Overview of Unitil

► Small distribution system

10 substations, 44 circuits, 28,600 

customers (90% residential)

► Capital expenditures

• Balance replacement/upgrading of 
aging infrastructure with grid 
modernization

• Therefore, highly values investments 
that provide net benefits for customers 
and have acceptable rate impacts such 
as efficiency and reliability

Unitil, EDIIP, 8/1/15

2. Current State Assessment

►Cost-sensitive Customers
• Economically under-performing region in MA with higher than average % 

of low-income rate discount customers
• Higher than average unemployment and poverty rate
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Distributed generation is growing

Unitil, EDIIP, 8/1/15

2. Current State Assessment
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Programs to reach these goals

Unitil, EDIIP, 8/1/15

3. Project Definition

►Unitil convened experts

►Defined future vision: A Platform for the 21st Century

• Unitil’s role will evolve

• Grid operations will be two-way, dynamic and diverse

• Unitil will enable rather than provide many of 
these services

► What are the gaps? 

Systems; Customer information; Business processes

► What projects could fill these gaps? 

Unitil identified projects

• Description, cost, scope, schedule

• Rationale, business drivers

• Benefits and costs (quantifiable and non-quantifiable)
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Project definition and prioritization

► 52 potential projects were mapped to goals, reduced to 16 capital 

investment projects, and organized into five programs:

1. DER enablement -encourage DER with flexible grid; DER pricing reflects value

2. Grid reliability – reduce impact of outages

3. Distribution automation – automate grid operations

4. Customer empowerment – provide customers with tools and information to 

manage energy choices

5. Workforce and asset management – improve efficiency and effectiveness of 

field crews and asset management

3. Project Definition
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Recommended projects in each program

DER 

Enablement Reliability

Distribution 

Automation

Customer 

Empowerment

Workforce & 

Asset 

Management

Circuit capacity 

study

Integrate Enterprise 

mobile damage 

assessment tool

Field Area 

Network

Energy 

information 

web portal

Mobility 

platform for 

field work

DER analytics 

and visualization 

platform

Integrate AMI with 

Outage Management

System (OMS)

SCADA at 

substations

Gamification 

pilot

Zero sequence 

voltage (3V0) 

protection at 

substations

Auto devices for 

Volt/VAR 

Optimization 

(VVO)

Time-varying

rates (TVR)

Advanced

Distribution 

Management 

System (ADMS)

Unitil, EDIIP, 8/1/15

3. Project Definition
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DER Enablement Program

► Objective 

To accommodate high DER penetrations; 

to create pricing approach that 

recognizes value of DER without cross 

subsidies between customers with and 

without DERs

► Projects:

• Circuit capacity study for DER 

(hosting capacity)

• DER analytics and visualization 

platform

• 3V0 relay protection and voltage 

regulation controls

3. Project Definition

Photo by NREL, 568
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Circuit capacity study for DER

► Annual hosting capacity analysis to encourage DER where it 

is easily hosted. 

► Identify substations that require upgrades to host more DER. 

► Post results on website.

Unitil, EDIIP, 8/1/15

3. Project Definition
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DER analytics and visualization platform

► Distributed Energy Resource Management System (DERMS) to 

monitor, manage and control DERs

► Stand-alone DERMS or work with Distribution Management 

System (DMS)

► Provide situational awareness (real time visibility) and operational 

intelligence

► Supports operations and planning

Unitil, EDIIP, 8/1/15

3. Project Definition
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3V0 overvoltage relays & voltage regulation controls

► Install zero sequence voltage relaying and voltage regulator 

controls at substations to alleviate equipment damage concerns 

caused by reverse power flow

► This protection will allow power flow from distribution to 

subtransmission system without jeopardizing substation equipment

► One of ten substations is already experiencing reverse power flow

► Enables higher DER penetration without having to closely study 

every new installation

Unitil, EDIIP, 8/1/15

3. Project Definition
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Overall DER enablement program cost/benefit

Unitil, 
EDIIP, 
8/1/15

3. Project Definition
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Distribution Automation Program

► Objective 
• Create communication layer of the 

Enabling Platform to support advanced 

metering functionality and distribution 

automation

• Automate and optimize voltage and 

reactive power equipment to implement 

CVR and respond to changes in DER 

output

3. Project Definition
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Distribution Automation Program

Field Area 
Network 
(FAN)

Wireless communication between centralized systems and grid edge 
devices (meters, distribution devices). Advanced metering, TVR, distribution 
automation, and DER management will use this FAN. $2.8M

SCADA Install SCADA communications to all substations so grid operators can 
monitor and control substation equipment from remote control center, and 
manage reliability and operational efficiency. $1M

Volt/VAR 
Optimiz. 
(VVO)

Install automated controls on voltage and reactive power equipment 
(capacitor banks, voltage regulators, load tap changers). The operation will 
be coordinated and optimized by the ADMS. $9.1M

Adv. Dist. 
Mngmt
System 
(ADMS)

Integrate system with existing GIS, OMS, SCADA and CIS. ADMS supports 
VVO, CVR, 3 phase unbalanced power flow analysis and distribution system 
operations. ADMS manages automated distribution switching and FLISR. 
CVR will reduce customer consumption by 2-3% or more. $2.9M

► Projects

3. Project Definition
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Overall distribution automation program cost/benefit

Unitil, EDIIP, 8/1/15

3. Project Definition
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Time-varying rate (TVR) and time-of-use 

pricing

► PUC order requires advanced metering functionality 

(AMF) and optional TVR

► Upgrading all meters was not a good solution: 

Cost of $12M with benefits of only $3.3M; existing smart 

meters have not reached end of useful life; municipal 

aggregation is competing with TVR for customers

► Build on existing advanced metering infrastructure 

(AMI) that provides some advanced metering 

functionality.

► Use new communications network to enable AMF

► Offer optional TVR rate

3. Project Definition
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Integration of the plan

► Implement foundational projects first, 

along with others that achieve results 

and benefits quickly: communications 

network, hosting capacity, grid 

reliability

► Protection and voltage regulation 

control projects are annual projects 

and need to be done at the same time. 

Start with substations highest at risk for 

reverse power flow

► SCADA and VVO start in year 1 as 

well. ADMS in year 3 so that enough 

equipment is ready for use.

4. Putting it all together
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Roadmap

Unitil, EDIIP, 8/1/15

4. Putting it all together
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Benefits exceed costs over 15 years

Unitil, EDIIP, 8/1/15

► Investments will not “pay for themselves” through operational 

efficiency and cost reductions that accrue to utility

► Benefits primarily accrue to customers through cost savings or 

reducing outages

► Grid mod investments increase the revenue requirement but this 

may be offset by lower bills from VVO

4. Putting it all together
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Performance Metrics

► DER Enablement

◼ Number of DG facilities, capacity, output, type

► Grid Reliability

◼ Number of customers that can benefit from this plan that work to prevent or 

minimize outages

◼ Number of customers compared to automated devices

► Distribution Automation

◼ Load reduction by TVR customers during declared critical peak pricing event

◼ Number and % of customers on TVR

◼ CVR factor and number of customers on CVR feeders

► Customer Empowerment

◼ Number of customers using self-service through web and mobile app

◼ Average cost per customer contact

► Workforce and Asset Management

◼ Traditional reliability metrics

4. Putting it all together

Unitil, EDIIP, 8/1/15
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Questions to ask utilities

► What goals and objectives do each of these projects support? 

► Which of your projects are foundational? What higher level projects will 

they enable? How does the timeline and longer term plan reflect this?

► What are the ramifications if this project is not approved? What other 

options can help address these goals?

► Is there existing infrastructure that you could utilize instead of building 

new and what functionality would be lost by doing so?

► Who do benefits accrue to? Can project ‘pay for itself’ through efficiency 

savings back to utility?

► How do these investments impact the utility revenue requirement? What 

is the impact on customer bills?



Plans for High DER 
Penetrations:

With Examples from PG&E’s 
Distribution Resources Plan
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PG&E’s Distribution Resources Plan 2015

PG&E, DRP Webinar, 2015

► PG&E’s traditional distribution planning process includes:

• Forecasting load and peak demand

• Power flow modeling to simulate performance to determine needs

• Identifying and developing capacity additions to meet needs

► The goal of the DRP is to integrate DERs into the distribution 

planning process
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PG&E’s Distribution Resources Plan 2015

Adapted from PG&E, DRP Webinar, 2015

1. DER 

Growth 

Scenarios

2. Integration 

Capacity

4. Demonstrations

3. Locational 

benefits and 

costs
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Ten DERs were examined

PG&E, DRP Webinar, 2015
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Three scenarios were created

PG&E, DRP Webinar, 2015

1. DER Growth Scenarios
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DERs may significantly impact peak load

PG&E, DRP Webinar, 2015

1. DER Growth Scenarios
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Energy efficiency and solar have greatest 

impact on peak load

PG&E, DRP Webinar, 2015

1. DER Growth Scenarios
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Impacts depend on DER characteristics and 

local load profiles

PG&E, DRP Webinar, 2015

1. DER Growth Scenarios
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Other findings from growth scenarios

PG&E, DRP Webinar, 2015

1. DER Growth Scenarios

► DERs likely to cluster

► To estimate DERs, we need to understand 

load and adoption patterns

► Past behavior may not be indicative of 

future behavior
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Hosting capacity analysis - granularity

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis



April 26, 2018 36April 26, 2018 36

What tools did PG&E use?

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis
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Which power system criteria did PG&E 

evaluate?

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis
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PG&E analyzed 102,000 line sections within 

>3000 circuits

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis
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PG&E map of hosting capacity

From PG&E DRP Web Tool, 2016

2. Integration Capacity Analysis
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PG&E map of hosting capacity

From PG&E DRP Web Tool, 2016

2. Integration Capacity Analysis
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Hosting capacity analysis for Hydro/Biogas in PG&E

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis
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Hosting capacity analysis for Storage in PG&E

PG&E, DRP Webinar, 2015

2. Integration Capacity Analysis
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Start with existing tools and add granularity

PG&E, DRP Webinar, 2015

3. Locational net benefits
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Locational value

PG&E, DRP Webinar, 2015

3. Locational net benefits
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Locational net benefits analysis for Demo B 

in Southern California Edison

3. Locational net benefits
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Medium cost project

3. Locational net benefits



April 26, 2018 47April 26, 2018 47

Five demonstration pilots were identified

4. Demonstrations
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Example demonstration pilot projects

4. Demonstrations
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Example demonstration pilot project

4. Demonstrations
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Questions to ask utilities

► In addition to the questions from the Emerging Planning Analyses 

presentation, there may be questions you will want to ask regarding the 

demonstration projects:

◼ Is this project representative of other needs across your system and would it 

be replicable in other regions of your system?

◼ Are there potential ways to expand on this project if its original objectives are 

fulfilled?

◼ Is there an urgent need for this project?

◼ If this is a competitive solicitation for a non-wires solution to deferring a 

distribution upgrade, what are the costs of a traditional ‘wires’ solution and 

how do they compare to estimates of non-wires solutions?
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Resources

► Consumers Energy’s Electric Distribution Infrastructure Investment Plan, 

8/1/17, https://mi-psc.force.com/s/ Filing U-17990-0416

► Unitil’s Grid Modernization Plan, 8/19/15, 

http://web1.env.state.ma.us/DPU/Fileroom/dockets/byindustry under 

Docket 15-121

► PG&E Distributed Resources Plan, 2015, 

http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=5141

https://mi-psc.force.com/s/
http://web1.env.state.ma.us/DPU/Fileroom/dockets/byindustry
http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=5141
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Acronym definition

► ADMS Advanced Distribution Management System

► AMF Advanced Metering Functionality

► AMI Advanced Metering Infrastructure

► CVR Conservation Voltage Reduction

► DERMS Distributed Energy Resource Management System

► FAN Field Area Network

► FLISR Fault Location, Isolation, and Service Restoration

► IEPR Integrated Energy Policy Report

► NWA Non-wires Alternatives

► OMS Outage Management System

► SAIDI/SAIFI System Average interruption Duration/Frequency Index

► SCADA Supervisory Control and Data Acquisition

► TVR Time-varying Rates

► VVO Volt VAR Optimization
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Any Questions?

Contact Debbie Lew at

debra.lew@ge.com

303-819-3470

mailto:baozhuang.shi@ge.com

