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Figure F.13 – Central RI West – including Grid Modernization Alternative 
____________________________________________________________________________
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Figure F.14 – Central RI West Comparison of Infrastructure 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 96 0
Capacitor capacitors 76 17
Feeder - Existing - Lines mi 17 17
Feeder - New - Lines mi 13 40
Feeder - New - Sub positions 9 17
Fuses fuses 0 0
LTC - Existing - Sub LTC 4 2
Reclosers reclosers 188 0
Regulators - Line regulators 3 0
Regulators - Sub regulators 24 6
SubT - New - Lines mi 21 15
SubT - New - Sub positions 4 8
Transformers - Existing - Sub transformers 0 0
Transformers - New - Sub transformers 6 9
Transmission - New - Line mi 0 12
Transmission - New - Sub substation 1 3

462 146

CRIW Infrastructure

________________________________________________________________________
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Figure F.15 – East Bay – Issues 

Figure F.16 – East Bay – including Grid Modernization Alternative 

Figure F.17 East Bay Comparison of Infrastructure 

____________________________________________________________________________________
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Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 72 0
Capacitor capacitors 101 4
Feeder - Existing - Lines mi 17 7
Feeder - New - Lines mi 3 7
Feeder - New - Sub positions 4 11
Fuses fuses 0 125
Reclosers reclosers 162 5
Regulators - Line regulators 0 0
Regulators - Sub regulators 0 14
SubT - New - Lines mi 0 0
SubT - New - Sub positions 0 0
Transformers - Existing - Sub transformers 0 0
Transformers - New - Sub transformers 2 3
Transmission - New - Line mi 0 5
Transmission - New - Sub substation 0 2

360 183

EB Infrastructure

_____________________________________________________________________________________
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Figure F.18 – North Central RI – Issues 

_____________________________________________________________________________________
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Figure F.19 – North Central RI – including Grid Modernization Alternative 
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Figure F.20 North Central RI Comparison of Infrastructure 

Figure F.21 – Newport – Issues 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 49 0
Capacitor capacitors 117 42
Feeder - Existing - Lines mi 70 68
Feeder - New - Lines mi 41 55
Feeder - New - Sub positions 14 20
Fuses fuses 0 0
LTC - Existing - Sub LTC 0 0
Reclosers reclosers 379 19
Regulators - Line regulators 12 1
Regulators - Sub regulators 40 14
SubT - New - Lines mi 22 50
SubT - New - Sub positions 4 9
Transformers - Existing - Sub transformers 6 6
Transformers - New - Sub transformers 1 4
Transmission - New - Line mi 0 0
Transmission - New - Sub substation 2 2

757 290

NCRI Infrastructure

____________________________________________________________________________________
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Figure F.22 – Newport – including Grid Modernization Alternative 

Figure F.23 Newport Comparison of Infrastructure 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 69 0
Capacitor capacitors 65 14
Feeder - Existing - Lines mi 13 13
Feeder - New - Lines mi 19 40
Feeder - New - Sub positions 10 23
Fuses fuses 0 0
Reclosers reclosers 53 2
Regulators - Line regulators 6 3
Regulators - Sub regulators 0 0
SubT - New - Lines mi 8 16
SubT - New - Sub positions 5 9
Transformers - Existing - Sub transformers 0 0
Transformers - New - Sub transformers 5 10
Transmission - New - Line mi 0 3
Transmission - New - Sub substation 1 3

255 137

Newport Infrastructure

_____________________________________________________________________________________
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Figure F.24 – Providence – Issues 

Figure F.25 – Providence – including Grid Modernization Alternative 

________________________________________________________________ _____________________________
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Figure F.26 Providence Comparison of Infrastructure 

Figure F.27 – South County East – Issues 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 235 0
Capacitor capacitors 133 28
Feeder - Existing - Lines mi 13 14
Feeder - New - Lines mi 20 41
Feeder - New - Sub positions 21 52
Fuses fuses 0 0
Reclosers reclosers 92 3
Regulators - Line regulators 6 3
Regulators - Sub regulators 0 0
SubT - New - Lines mi 8 16
SubT - New - Sub positions 11 20
Transformers - Existing - Sub transformers 0 0
Transformers - New - Sub transformers 8 14
Transmission - New - Line mi 0 3
Transmission - New - Sub substation 2 4

549 197

Providence Infrastructure

________________________________________________________________________________
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Figure F.28 – South County East – including Grid Modernization Alternative 
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Figure F.29 South County East Comparison of Infrastructure 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 307 0
Capacitor capacitors 41 12
Feeder - Existing - Lines mi 20 43
Feeder - New - Lines mi 0 31
Feeder - New - Sub positions 0 13
Fuses fuses 143 175
LTC - Existing - Sub LTC 1 1
Reclosers reclosers 197 13
Regulators - Line regulators 6 6
Regulators - Sub regulators 20 18
SubT - New - Lines mi 4 27
SubT - New - Sub positions 4 7
Transformers - Existing - Sub transformers 1 0
Transformers - New - Sub transformers 2 10
Transmission - New - Line mi 0 0
Transmission - New - Sub substation 1 3

747 359

SCE Infrastructure

_______________________________________________________________________________________________________________
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Figure F.30 – South County West – Issues 
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Figure F.31 – South County West – including Grid Modernization Alternative 

______________________________________________________________________________________

266



THE NARRAGANSETT ELECTRIC COMPANY 
d/b/a Rhode Island Energy

RIPUC Docket No. 22-56-EL
In re: Grid Modernization Plan (GMP) 

Distribution Study Results by Planning Area 
Attachment F
Page 26 of 29  

Figure F.32 South County West Comparison of Infrastructure 

Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 0 0
Capacitor capacitors 67 3
Feeder - Existing - Lines mi 3 3
Feeder - New - Lines mi 0 16
Feeder - New - Sub positions 0 4
Fuses fuses 0 0
LTC - Existing - Sub LTC 2 1
Reclosers reclosers 89 0
Regulators - Line regulators 0 0
Regulators - Sub regulators 13 2
SubT - New - Lines mi 2 2
SubT - New - Sub positions 3 3
Transformers - Existing - Sub transformers 1 2
Transformers - New - Sub transformers 1 2
Transmission - New - Line mi 0 0
Transmission - New - Sub substation 1 1

182 39

SCW Infrastructure
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Figure F.33 – Tiverton – Issues 
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Figure F.34 – Tiverton – including Grid Modernization Alternative 

Figure F.35 Tiverton Comparison of Infrastructure 
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Type Unit
Grid 

Modernization 
Alternative

No Grid 
Modernization 

Alternative
BESS MWH 50 0
Capacitor capacitors 11 9
Feeder - Existing - Lines mi 8 15
Feeder - New - Lines mi 2 17
Feeder - New - Sub positions 2 5
Fuses fuses 33 63
Reclosers reclosers 34 1
Regulators - Line regulators 13 9
Regulators - Sub regulators 2 5
SubT - New - Lines mi 0 0
SubT - New - Sub positions 0 0
Transformers - Existing - Sub transformers 1 1
Transformers - New - Sub transformers 0 1
Transmission - New - Line mi 0 2
Transmission - New - Sub substation 0 1

156 129

Tiverton Infrastructure

_____________________________________________________________________________________________________________ 
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visibility and manage DERs to fully integrate DERs with the distribution system: DER 

Monitor/Manage will provide this capability to reach Level 4 integration of DER as described 

above.    

IEEE 1547-2018 Standard Presents DER Opportunity 

In response to increasing DER penetration, the Institute of Electrical and Electronics Engineers 

(“IEEE”) revised Standard 1547 in 2018 (“IEEE 1547-2018”), which defines requirements for 

DER smart inverters to support the distribution system.2  When these smart inverters are coupled 

with DER management devices, electric utilities can monitor and manage DERs interconnected 

with their distribution systems. IEEE 1547-2018 outlines requirements concerning the 

interconnection and interoperability performance of DERs, including operation, testing, safety, 

maintenance, security requirements and grid support functions.  

The IEEE 1547 has been the de-facto standard for DER interconnections in the United States since 

it was originally published in 2003. Since then, technology and economic advances have elevated 

the DER penetration, resulting in a continual evolution of IEEE 1547. In April 2018, IEEE 

Standard 1547 was revised to standardize inverter capability requirements, identify 

communication interface standards, require expanded grid support functions such as requiring the 

capability to actively regulate voltage, ride through abnormal voltage/frequency conditions, and 

provide frequency response and improved anti-islanding protections.  

Of specific importance to Rhode Island Energy and DER customers is the new requirement for 

DER inverters to be “smart,” i.e., capable of providing grid support functionality and that DERs 

must provide the local electric distribution utility with a standardized local interface for the 

2 "IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric 
Power Systems Interfaces," in IEEE Std 1547-2018 (Revision of IEEE Std 1547-2003), vol., no., pp.1-138, 6 April 
2018, doi: 10.1109/IEEESTD.2018.8332112. 
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monitoring and management of the DER. Section 10.2 of IEEE 1547- 13 2018 specifies that DERs 

“shall use a unified information model, and non-proprietary protocol encodings based on 

international standards or open industry specifications as described in 10.7.” Section 10.7 then 

specifies that the DER must offer either an Ethernet 16 or a Serial (RS-485) interface that uses one 

of three standardized protocols: (1) SunSpec Modbus; (2) DNP3 (IEEE 1815); or (3) SEP2 (IEEE 

2030.5). The more sophisticated and standardized communications specified by IEEE 1547-2018 

will enable DERs to convey performance data, so the Company will have increased situational 

awareness and can more quickly diagnose and address any operational or maintenance issues.  

IEEE 1547-2018 has addressed a significant and longstanding impediment to the development of 

replicable and scalable DER management which is inverter protocol standardization. Standardized 

information models detailing read/write protocols and the availability of a standardized local 

interface that is accessible for utilities enable scalable interface with DERs instead of creating 

custom programs for each inverter type.  This is a significant breakthrough for true integration and 

harmonization of DER with the grid because it presents opportunity for interoperability of DERs 

with grid operations. Having an interoperable system and embedding interoperability as a 

foundational component of the electricity system as it evolves, will ensure that all will be able to 

participate and benefit from this evolution. Reliance on standards, specifically open standards with 

well-developed testing and certification programs, are vital to the success of this evolution. 

PPL Electric Experience 

In December 2020, PPL Electric received approval from the Pennsylvania Public Utility 

Commission to require smart inverters that meet the new IEEE and UL standards, to install DER 

management devices on new DERs interconnected with its distribution system, and to monitor and 

manage those new DERs.  PPL Electric is in the process of testing and evaluating costs and benefits 

of monitoring and actively managing newly interconnected inverter-based DERs across its 
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system.  The evaluation now includes approximately 2,900 DERs, with 1,560 in the “Actively 

Managed” group (or about 18.3 MW), using an evaluation approach shown in Figure G.1.   

Figure G.1: PPL Electric DER Management Evaluation Approach 

Rhode Island Energy will build upon PPL Electric’s experiences and lessons in its DER monitoring 

and management planning effort.  Cost estimates and assumptions used in this GMP for DER 

Monitor/Manage were informed by the PPL Electric experiences.   

DER Monitor/Manage enables DER Grid Services 

The grid can support more DER when it is equipped with the appropriate monitoring and 

management infrastructure, and the DER will be able to provide benefits to grid operations.   Many 

types of benefits or “grid services” are possible. For example, numerous customer-sited energy 

storage systems acting in concert could dispatch power to serve local loads.  This can reduce 
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overall load and decreasing the amount of power flowing through the delivery system, which can 

be valuable in reducing congestion during certain times of day.  

Potential grid services from DER include3: 

o Load leveling: Smoothing load by absorbing energy from or injecting energy into the grid.

o Peak demand reduction: Providing power to the grid to limit the peak load on grid assets.

o Ramping support: Providing supplemental power when solar or wind generation output

fluctuates.

o Energy arbitrage: Shifting energy production from low value to high-value periods.

o Distribution capacity: Injecting power (rooftop solar, EVs, and storage) or reducing

consumption (EVs, appliances, and other controllable loads) to reduce net load on specific

distribution infrastructure.

o Firm capacity: Guaranteeing availability of backup capacity to compensate for dips in

renewable energy production.

o Reserves: Grid-connected reserve power ready for instantaneous delivery as well as

reserves not connected to the grid but able to delivery power within minutes.

o Black start: Bringing a generation plant from shutdown to a specified power level within

a specified time, without support from transmission lines.

o Frequency regulation: Providing short-term power adjustments to help maintain grid

frequency within required levels.

o Voltage support: Producing or absorbing reactive power to maintain grid voltage within

required levels or to correct voltage excursions.

o Back-tie: Supplying power or decreasing consumption to reduce loading of grid

infrastructure when distribution system operators reconfigure distribution feeders during

an outage recovery.

3 “Maximizing Distributed Energy Resource Value Through Grid Modernization,” EPRI (Aug 2021), 
http://mydocs.epri.com/docs/public/EPRI-Report-MaximizingDistributedEnergyResourceValue-20210804.pdf 
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o Renewable self-consumption: Using a behind-the-meter energy storage system to absorb

power from a rooftop solar system to avoid curtailment of excess generation.

Providing a grid service can sometimes have simultaneous positive and negative grid impacts. For 

example, when DER export power to the grid to alleviate congestion, the additional energy may 

cause the grid voltage level to fluctuate above or below regulated requirements. This illustrates 

how DER grid services may create more operational challenges than they solve if there is not 

proper orchestration by the distribution system operator. DER services must be dispatched in a 

way that balances preferences of DER owners while supporting the needs of the distribution grid. 

DER Monitor/Manage is Strategically Essential 

DER Monitor/Manage is strategically important to successfully achieving goals and objectives for 

the GMP.  In the Distribution Study discussed in Section 5, the “Reference Case” without Grid 

Modernization investments assumes the Company will need to curtail renewable DG anytime the 

estimated maximum seasonal DG output of the installed capacity was predicted to exceed the 

design limitations of the system. This would result in an average renewable DG seasonable 

curtailment of 17% of its annual energy output in 2030 in order to operate the system within limits. 

However, the alternative with Grid Modernization used in the Distribution Study assumed DER 

Monitor/Manage would reduce DER curtailment requirements from approximately 17% to 1% per 

year.  In doing so, DERs would likely be ramped down, rather than completely curtailed using 

DER Monitor/Manage capability.  This approach would maximize renewable energy production, 

optimize the use of T/D infrastructure, avoid new infrastructure spend, improve the customer 

experience, improves power quality, and increases hosting capacity.   

The Distribution Study alternative with Grid Modernization also specified the need for 600 MWh 

of energy storage by 2030 that grows to 1215 MWh by 2050.  The ownership of the energy storage 

is not specified in the GMP; however, it does need to be under the control of the Company to 
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achieve the load balancing objective and maintain reliability.  DER Monitor/Manage will provide 

the necessary functionality to control the energy storage in order to satisfy the study requirements.    

In addition to providing these core capabilities to achieve the GMP load balancing and stability 

objectives, DER Monitor/Manage promises a wide range of additional operational benefits in the 

areas of safety, power quality, efficiency, and reliability while facilitating the increased 

deployment of DERs through the service territory.  Below are further explanations of these 

benefits:   

• By enabling Rhode Island Energy to monitor and manage the DERs, the amount of DERs

that can be safely and reliably interconnected with the distribution system can be

significantly increased, as demonstrated in various industry research studies. 4  Power

factor management can increase the hosting capacity of the Company’s electric distribution

system, meaning that the Company can interconnect more DERs without the need  for

system upgrades. Currently, DER nameplate ratings are used to determine hosting capacity

and, if required, determine system upgrades. With visibility of the DERs’ actual output,

using the Company’s DER Monitor/Manage Plan, planning efforts will be more precise

which will increase of hosting capacity and result in more accurate assessments for system

upgrades which will allow more interconnections without triggering additional capital

investments.

• Safety benefits will result from distribution system operators being able to better determine

the output of impacted DERs during a disturbance or an outage on the system and enable

4 See Seuss, J., et al., “Improving Distribution Network PV Hosting Capacity via Smart Inverter Reactive Power 
Support” (July 2015), available at https://energy.sandia.gov/download/33230/; Ding, F., et al., “Technologies to 
Increase PV Hosting Capacity in Distribution Feeders” (July 2016), available at 
https://www.nrel.gov/docs/fy16osti/65995.pdf  
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distribution system operators to safely perform system restoration without violating any 

equipment constraints and improve reliability. If necessary, the Company could remotely 

curtail the DERs in the area where employees are maintaining or repairing de-energized 

lines.   Depending on the characteristics of the circuit, a delay or failure to trip off could 

lead to unintentional islanding of the DER. This unintentional islanding occurs when the 

generation from the DERs is strong enough to supply the load when isolated from the 

distribution system.  If crews are dispatched to repair equipment and see a visible break in 

the Company’s protective equipment, they cannot assume the downstream line is de-

energized. With an unintentional island, the lines will be energized downstream of this 

device, which can be a safety hazard. If there are downed conductors, the DER can 

backfeed into this low impedance fault and can cause fires or electrical hazards. Also, when 

unintentional islanding occurs, there is no way for the Company to maintain power quality, 

which can lead to customers’ equipment being damaged. Currently, Rhode Island Energy 

has no way of detecting if an unintentional island forms or de-energizing DERs to remove 

the island. DER Monitor/Manage would enable Rhode Island Energy to locate and 

disconnect DERs in these unintentional islanding scenarios. 

• Power quality can be improved at customer sites by leveraging DER voltage support

functions, potentially avoiding the need to deploy traditional voltage regulation

infrastructure. Power factor, Volt/VAR, Volt/Watt, ramp rates5, and reactive power

functions allow DERs to maintain appropriate voltage levels on the distribution system.

DER Monitor/Manage will also be coordinated with the Volt/VAR optimization to enhance

efficiencies and provide the ability for fine tuning reactive control capability.  As a result,

5 Inverters can change the rate at which the generation output ramps up to full capacity when the solar irradiance 
becomes present. The default setting for this parameter is 100%, which means when clouds give way to sunshine, 
the inverter ramps from almost no output to the full amount allowed by the solar resource. Given the intermittent 
nature of solar irradiance, inverters ramping up quickly can lead to power quality issues in high penetration 
scenarios, such as flicker or spikes in voltage 
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the Company will be able to reduce DER interconnection system upgrade costs and reduce 

the need to deploy equipment, such as voltage regulators, to manage voltage irregularities. 

Similarly, frequency/watt functionality allows a DER to maintain appropriate grid 

frequency thereby improving the stability of the distribution system and the DER’s ability 

to maintain a connection with the distribution system. 

• The stability and reliability of the system will be improved using smart inverters with IEEE

1547-2018 capabilities, DERs will have the ability to “ride through” low and high voltage

and frequency events. As a result, DERs will be more likely to remain online and operate

properly during abnormal voltage and frequency disturbances occurring on the distribution

system, thereby maintaining reliable service. Inverters without a setting for this

functionality traditionally “trip off” DERs when a system disturbance occurs. In higher

solar PV penetration scenarios, large numbers of inverters going offline due to a deviation

from normal distribution system operating parameters can exacerbate the stress on existing

infrastructure and negatively affect service reliability. Keeping DERs online during short-

term system interruptions can mitigate system imbalances between load and generation

resources and can reduce the likelihood of more significant disturbances to the system.

Also, when a large number of DERs trip offline at the same time, they can destabilize the

electric system and increase the likelihood of a cascading outage. Ride-through capabilities

can help support the bulk electric system rather than exacerbating the problem.

• The issue of “load masking” or “hidden load’ will be avoided with DER Monitor/Manage.

The real time DER visibility to DER generation output provides an understanding of

masked load, so the Company can more effectively design and operate the system with

knowledge of actual electric demand on a circuit without the contribution from DERs.  This

allows the Company’s distribution system operators to safely perform system restoration

without violating any equipment ratings or voltage limits.
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DER Monitor/Manage Approach and Assumptions 

DER Monitor/Manage is being proposed as a Foundational Investment for Rhode Island Energy. 

The plan is based on requiring the use of IEEE 1547-2018 IEEE standard for smart inverters 

interconnections.  By having the smart inverter make small operational adjustments, DER 

developers and customers will be able to continue to operate DERs with reduced output compared 

to experiencing complete curtailment, which the Company will need to exercise at times to avoid 

system violations to maintain thermal and voltage compliance.6  DER Monitor/Manage will 

benefit the entire system due to improved utilization, stabilization, and quality of power, which 

benefits all.    

With each DER addition, there is an opportunity to gain visibility and fully integrate the DER into 

the distribution system at the time of interconnection.  Alternatively, the DER becomes a lost 

opportunity where its operation can be detrimental to overall system safety and reliability if DER 

Monitor/Manage is not required through the interconnection process.   

Because DER Monitor/Manage effects the safety and reliability of the entire system, the Company 

believes it is appropriate to implement DER Monitor/Manage as soon as practical and has included 

it within the GMP portfolio of the ISR as part of the GMP Foundational Investments.   DER 

Monitor/ Manage is assumed to be available starting in 2026.   

Since DER Monitor/Manage investments enable both DG and EV/HPs, it is difficult to assign the 

costs and responsibility to an individual customer.  Also, DER penetration builds, it will be 

increasingly more difficult to attribute system changes to a particular DER interconnection. The 

6 Seasonal curtailment means the Company would need to curtail renewable DG anytime the estimated maximum 
seasonal DG output of the installed capacity was predicted to exceed the system design limitations of the system. 
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Company is including these proposed expenditures through the ISR because they 1) benefit all 

customers and the entire system, 2) enable all DER technologies, rather than benefiting just the 

interconnecting DER customers, and 3) the expenditure cannot be attributed to a particular DG 

interconnection therefore is not responsibility of the interconnecting DER under the current tariff.  

The DG interconnection tariff states that DG projects are only responsible for system 

modifications, which are solely required for their project.   

DER Monitor/Manage Planning and Next Steps 

The Company envisions that DER Monitor/Manage would apply to DERs interconnected with its 

distribution system by proactively implementing IEEE 1547-2018 requiring DER smart inverters 

to be certified the related Underwriters Laboratories (“UL”) Standard 1741, “Inverters, Converters 

and Controllers for use in Independent Power Systems” (“UL Standard 1741”). Customers 

applying to interconnect new DERs will be required to: (1) use Company-approved smart inverters 

that are compliant with IEEE 1547-2018 certified with UL Standard 1741 and install devices that 

enable the Company to monitor and proactively manage DERs.  This will enable the Company to 

better integrate, monitor, and manage DER resources.  Qualifying DER system interconnections 

are envisioned to be equipped with: (1) smart inverters located at the customer premise; (2) DER 

management devices that interface to the smart inverter; and (3) local communication interfaces 

that utilize communication protocols that meet IEEE 1547-2018.  For illustrative purposes, a DER 

Monitor/Manage Architectural Design is shown below in Figure G.2.     
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Figure G.2: Preliminary DER Monitor/Manage Architectural Design 

• Smart inverters, among other things, provide grid support functions, including

functionality such as fixed power factor, reactive power, low and high voltage and

frequency ride through, power curtailment and remote ON/OFF capability7. This

functionality allows the DERs that utilize smart inverters to operate in “sync” with the

distribution system, thereby reducing power quality issues and maximizing potential DER

output and operability. Smart inverters are also used in battery (energy storage) systems,

electric vehicle chargers, and any other technologies that use DC power.

• DER management device is the link between the DER inverters and Rhode Island Energy.

They would be installed and connected to the local communication interface of the DER

system, so that the Company can monitor and manage the DERs and take advantage of the

DERs’ grid support functions.

7 Inverters are devices used in DERs that convert the “DC” power from solar panels to “AC” power that can be 
transported on the electric distribution system for use in homes and businesses. 
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• Communications will either be RF mesh network that is proposed for AMF or cellular

modems. Given the robust nature of the RF mesh network that will be in place for AMF,

it is the preferred communication mechanism.  Protocols to be used will be consistent

with IEEE 1547-2018, being DNP, Modbus or 2030.5.

The components and architecture that has been used at PPL Electric for DER Management will 

inform the choices in Rhode Island.  A DER architecture will be defined that will coordinate grid 

resources across customers, the distribution system, and transmission. It will contemplate 

contribution from DERs in normal and abnormal system conditions that are of different ages and 

sizes, including merchant DER, aggregators, and individual customers, utility DER and DR 

programs, and autonomous operating DER that use advanced inverter functions.  

It should be acknowledged that DER Monitor/Manage technology is not fully mature. For 

example, many smart inverters are still in the process of being tested by UL to certify IEEE 

1547-2018 compliance.  The RF mesh system and AMF meters that are proposed for Rhode 

Island will be state-of-the-art, offering new approaches and technical solutions for DER 

Monitor/Manage that are more advanced than what has been available in the marketplace.  To 

successfully implement DER Monitor/Manage, Rhode Island Energy will link DER assets with 

the ADMS-DERMS system.  The DERMS platform is an extension of ADMS that incorporates 

DERs and offers functionality for power quality management and operational support.   The 

ADMS roadmap presented in Section 6 includes a DERMS enhancement that is scheduled to be 

available in iterations starting with basic monitor and control capability at the end of 2025; 

forecasting capability at the end of 2027; load management/TVR, microgrid control at the end of 

2028; and available for markets such as FERC 2222 in the future-term estimated 2029 or later.    

A DER Monitor/Manage plan will be defined that will consider the availability of these technical 

resources and solutions needed to complete the optimum architecture considering aspects such as 
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cost, function, ease of use/scalability and security.  In addition, the plan will include aspects such 

as organizational responsibilities, testing and validation, Data Governance Policy compliance, 

customer communication plan, RF mesh communication assessment, interconnection process 

implications, Customer portal implications and end-to-end readiness.   

DER Monitor/Management Scoping and Filing Plans   

The Company is assessing the legal and regulatory approvals necessary to permit DER 

Monitor/Manage and will make a separate filing for such approvals, including any tariff changes. 

In preparation, DER owners and interested stakeholders will be consulted to get input and 

feedback for the plan.  The Company anticipates that the DER Monitor/Manage filing will be 

made urgently after filing the GMP, collecting stakeholder feedback and clarifying the necessary 

approvals that will be required for implementation.  
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1. Overview 
  
Deployment Plan Approach 
 
The execution of the GMP Deployment Plan will be a primary focus of Rhode Island Energy over 
the next several years, as a significant investment is being proposed that will deliver numerous 
benefits for Rhode Island Energy customers.  The GMP initially focuses on foundational elements 
of a future grid that can be enhanced as needed over time to deliver new functionalities where and 
when they are needed.  Implementation of specific solutions will deliver initial foundational 
functionalities including investments in Advanced Field Devices include capacitors and regulators, 
reclosers, and microprocessor relays, while at the same time upgrading the IT Infrastructure and 
extending the Fiber Network; followed by the  development and deployment of new software and 
operational technology investments including ADMS-based application solutions (i.e., FLISR, 
VVO/CVR, and DERMS), DER Monitor/Manage, and Mobile Dispatch.   
 
Figure H.1 below provides the Grid Modernization Roadmap that summarizes the solutions and 
expected timing of GMP investments through 2033: 
 

Figure H.1: Rhode Island Energy Grid Modernization Solutions Roadmap 
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Vendor/Supply Chain 
 
Rhode Island Energy will require external assistance from vendors with extensive experience 
and/or specialized services to meet the resource needs of the GMP.  Rhode Island Energy and 
PPL will be leveraging many existing strategic partnerships that have been established over the 
years.  Pre-established contracts and relationships that can be leveraged will be executed through 
either sole-source or competitive bid contracts to derive efficiency, scalability, and cost-
effectiveness.  This approach and these various alternatives to securing critical and basic material 
and equipment is consistent with industry best practices. 
 
Vendors will be needed to supply advanced field devices including advanced capacitors and 
regulators, advanced reclosers, microprocessor relays, and ancillary equipment.  The expansion 
of the fiber network will require more specialized vendors with fiber installation experience.  
Vendor contracts will also need to be procured for the various ADMS-based applications being 
employed including VVO/CVR, FLISR, and DERMS, as well as DER Monitor/Manage and 
Mobile Dispatch.  While many vendor relationships exist that have delivered similar material in 
the past, significant increases in quantities will put pressure on these vendors to expand their 
production capabilities, and yet new vendor relationships may need to be explored to ensure 
successful delivery.  Once contracts are in place, the responsibility for the day-to-day 
management of vendors will lie with GMP project governance described below. 
 
Supply chain issues have been exacerbated over the last few years and utility industry equipment 
and material has been no exception.  The Company is seeing longer lead times for a variety of 
materials and has adjusted schedules and business practices to ensure projects are completed on 
schedule. Orders will be placed for long-lead time materials and equipment to ensure equipment 
installation in accordance with the project timeline can be met. 
 
Among other items, reclosers and wood poles are two examples where the Company has made 
execution adjustments. The Company recognized recloser lead times are now eight months. As a 
result, the Company, working with PPL procurement, has locked down approximately 80% of 
the production slots for the CY 2023 plan and expects to lock down the balance in early January. 
Similarly, the Company recognized delivery issues with wood poles and found alternative 
suppliers to ensure adequate stock levels were maintained. The Company is planning for 
procurement earlier than before to ensure required dates are met. These longer delivery 
timeframes and costs are being taken into consideration when planning the execution of the 
proposed FY 2024 Electric ISR Plan and implementation of the Foundational Investments, where 
multi-year commitments will help to ensure availability because manufactures can plan 
accordingly.     
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Project Governance 

Rhode Island Energy will utilize a GMP Project Governance Model to define the structure, 
process, methods and interfaces to manage and oversee GMP implementation.  It provides an 
organizational framework to enable the completion of a successful deployment and overall 
implementation of these leading-edge solutions to build a state-of-the-art electric distribution 
grid.  A project governance structure ensures that responsibilities, decision-making authority, and 
processes for the project are clearly defined, mechanisms to execute are communicated, the 
activity is coordinated across the organization and accountability for project success is 
understood. 

• Executive Steering Committee - serves as project sponsor and strategic decision-making
group.  This committee’s purpose is to provide overall governance and approval of all
major policy, strategy, and financial decisions.  There ongoing responsibilities are to
ensure organizational goals are aligned, necessary resources are assigned, and
organizational issues are resolved to ensure successful project completion and execution.
This committee will include representation from senior leadership and key project team
members.

• Program Management Office (“PMO”) - serves as primary project leadership whose main
purpose is to plan and execute the project in its entirety, including day-to-day project
oversight and management.  They are responsible for the successful deployment and
integration of all aspects, deliverables are within scope, schedule, and budget, and
achievement of strategic and operational objectives.  The PMO will also manage all
administrative project functions including developing the overall project plan, work
schedules, leadership meeting calendars, and operational and execution metrics.

• Work Execution Teams – serve as the bulk of the project management team that carry out
the day-to-day work activities of the project.  The core responsibilities of these teams
include the development and execution of detailed work activities, managing scope in
coordination with the PMO, resolving both technical and managerial issues, and tracking
progress to plan.

Benefit Summary 

As explained in various sections of the GMP Business Case, all solutions are interrelated to each 
other and enable various benefits.  For example, to derive the maximum benefit from advanced 
field devices, ADMS including DERMS, FLISR, and VVO are critical software systems and 
applications that provide a complete automated solution utilizing vast quantities of data from AMF 
and various communications networks that balance supply and demand on the grid, optimize grid 
utilization, and significantly improve both reliability and worker safety.  This set of integrated 
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GMP solutions will produce a state-of-the-art electric distribution grid that enables the 
achievement of the Climate Mandate, advances technology to meet the demands of ever-increasing 
DER penetration, provides customers information and choice over their energy choices at an 
unprecedented level, and builds a resilient and reliable grid for Rhode Island Energy’s customers. 
 
Cost Summary 
 
The estimates for each GMP solution that have been included in the Foundational Investments as 
referenced in Section 6.1 - Fig. H.2, are shared again below.  Figure H.2 reflects only the 
project/investment costs for the GMP.  The cost estimates in the benefit-cost analysis include all 
the costs of deploying the grid modernization solutions, including CAPEX, OPEX, and Run-The-
Business (“RTB”) costs like software maintenance fees and equipment maintenance.  As shown, 
investments in Advanced Field Devices (Advanced Capacitors & Regulators, Advanced Reclosers, 
Microprocessor Relays), Fiber, and IT infrastructure are the primary cost drivers for the 
Foundational Investments where the Company estimates investing nearly $339.9 million for all 
GMP investments through fiscal year (“FY”) 2028, depending on customer DER adoption.  These 
costs would be recovered through the Company’s annual ISR plan filings, current and future rate 
cases, and special proceedings. 

 
Table H.2: Foundational Investment Estimates through 2028 

 
 
GMP Solutions Portfolio Summary 
 
The remainder of this document presents the deployment plans for each solution that creates 
the Grid Modernization Plan (“GMP”) portfolio. Each section in this document summarizes 
the Company’s current plans for a particular solution and generally follows the outline below 
except for AMF (AMF has been filed as a separate docket).  Additionally, deployment 
priorities are discussed only for advanced field devices to be installed on the electric 
distribution system including advanced capacitors and regulators, advanced reclosers, and 
microprocessor relays:   

Install Remove OPEX Total
Communications (Fiber) 68.6$               0.7$              0.7$               70.0$            
Advanced Field Devices 191.4$            10.2$            5.3$               206.9$          

Operational Systems & Applications 39.4$               0.3$              0.3$               40.0$            
Total Distribution Project Costs 299.4$            11.1$            6.4$               316.9$          

Transmission Fiber 22.5$               0.2$              0.2$               23.0$            

Total All GMP Investments 321.9$            11.4$            6.6$               339.9$          

Program Category Project Costs (000's)
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• Background:   current state, limitations, why the solution is needed  
• Objectives:   what the Company plans to accomplish for each solution  
• Benefits:   summary of the key benefits of the solution  
• Deployment Priorities: deployment criteria and prioritization methodology 
• Schedule & Cost Estimate: quantities/volume planned and total cash flow by year 

  
This Deployment Plan is a living document that will be reviewed and updated on an ongoing 
basis.  Some plans that represent near-term investments are more detailed, while others that 
represent longer-term investments are less detailed due to being earlier in the stage of 
development.  Plans and cost estimates will be refined over time and the closer an investment 
gets to implementation, the more detailed and precise the plan and cost estimate will become. 
 
2. Advanced Metering Functionality (“AMF”) 
 
AMF is a prerequisite to this GMP.  As such, the AMF Business Case was filed with the Rhode 
Island Public Utilities Commission in November of 2022.  There is no funding being requested in 
this filing for AMF investments. 
 
The granular data1 that is captured, stored, and transmitted via hundreds of thousands of new, state-
of-the-art, advanced digital electric meters, is integral to not only providing more choice for 
consumers in managing their energy needs, but also to an effective and efficient future electric 
grid that improves safety and reliability for consumers and communities. 
 
The GMP solutions as part of this plan and business case have been strategically and carefully 
planned to be deployed and subsequently integrate with these new AMF meters that are planned 
for completion by the end of 2025. For reference, the AMF Project timeline is provided below as 
Figure H.3.   
 
 
 
 
 
 
 

                                                 
1 Granular data is detailed data, or the lowest level that data in a target set.  The granularity of AMF data is provided 
for through the availability of 15-minute interval, time sequenced data measurements.  This level of measurement is 
much finer than historically offered making richness of information available for improved analytics and greater 
operational visibility. 
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Figure H.3: AMF Project Timeline 
 

 
 
 
AMF granular data will enhance the GMP solutions proposed in this business case to produce a 
leading-edge electrical grid that will serve the customers of Rhode Island Energy for decades to 
come. 
 
3. Advanced Capacitors and Regulators 
 
Background 
 
For a customer’s electrical equipment to operate as expected, it must be connected to a source that 
is operating within an allowable voltage range. The Company is obligated to follow ANSI voltage 
standards for maintaining acceptable levels of voltages where the customer is interconnected to 
the distribution system.  The service voltages should be within ±5% of the nominal 
voltage.  Currently, the Company relies primarily on traditional voltage regulation equipment such 
as a load tap changer (“LTC”), mid-line voltage regulators, and capacitors for voltage regulation 
installed on the primary side of the distribution circuit.   
 
In the past, voltage regulation has been relatively predictable.  Since electrical resistance of the 
system and the load cycles were very predictable, the control settings on capacitors and regulators 
were simple, autonomous, and only needed to be adjusted occasionally in concert with periodic 
planning reviews.  These simple autonomous settings, however, will be insufficient to maintain 
compliance with voltage standards for feeders with a high level of intermittent renewable 
generation and two-way power flows.  The shortcomings of traditional voltage regulation 
equipment are limited number of operations per day, lack of fine control on voltages, and indirect 
control over secondary voltages evident with the higher penetration levels of distributed generation 
and electric vehicle charging loads.  Specifically, load-based DERs, such as EVs, are forecasted 
to create under-voltage issues during peak load periods, and generation-based DERs, such as solar 
and wind DG, are forecasted to create overvoltage during light load periods.   
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Objectives 
 
The proposed Advanced Capacitors & Regulators would adjust system voltages up or down in a 
dynamic manner to accommodate the variable output of these DER technologies. In addition, the 
voltage control and near real-time power measurements provided by these devices enable 
engineering and operations personnel to better manage capacity and voltage along individual 
feeders, ultimately resulting in lower costs to all Rhode Island Energy customers through 
optimization (e.g., VVO/CVR). 
 
Benefits 
 
As a result of dynamic adjustment of system voltages, advanced capacitors and regulators serve to 
maintain compliance with service voltages to within the acceptable ANSI range of +/- 5%.  This 
technology automates voltage regulation that has historically been performed manually by 
distribution system operators and technicians physically deployed to specific feeders experiencing 
under- or over-voltage conditions, thereby lowering labor and distribution system operating costs. 
 
Deployment Priorities 
 
One solution in the GMP consists of adding smart capacitor controls to existing fixed and 
switched capacitor banks, and new smart capacitors and regulators to distribution feeders to 
control voltage and achieve VVO benefits.  Installation prioritization will be based upon reduced 
peak demand and energy conservation (including DRIPE effects).  Settings will be automatically 
adjusted remotely in real time with the VVO software.  In some cases, existing fixed and switched 
banks will be retired in place or relocated based on VVO analysis. 
 
The AMF filing includes RF mesh communications network and AMF meter deployment starting 
in 2024 using a sector-by-sector approach, activating specific geographic sections at a time to 
company information and operating systems.  These new meters or endpoints will provide 
thousands of pieces of data at a time containing granular voltage information that will serve to 
inform company distribution system operators and engineers of voltage irregularities and other 
critical system information that will provide significant visibility of distribution system 
characteristics and issues that have never been known before.  This will provide incredibly useful 
information that will pinpoint issues and help determine priority locations for capacitors and 
regulators to be installed within each sector as defined in the AMF filing. Installation of Advance 
Field equipment will be coordinated to achieve the BCA benefit objectives where 20% of the VVO 
benefits start in 2026 and progress to 100% by 2030.   
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Schedule and Cost Estimate 
 

 
  
This program is included in the FY2024 Electric ISR Plan.   
 
4. Advanced Reclosers 
 
Background 
 
The distribution system has traditionally been built to ensure adequate available capacity at all 
times by building the necessary distribution system capacity to accommodate forecasted peak 
loading on extreme weather days in accordance with the Company’s planning criteria. Designing 
the system to meet these worst-case scenarios assuming one-way power flow eliminated or 
lessened the need for day-to-day load management for distribution grid management. In addition, 
when a fault does occur on the system, restoration is performed by manually switching to isolate 
the fault and serve customers with power from alternative sources where possible.  As DER 
penetration increases and is located anywhere on the distribution system it will result in possible 
two-way power flow, overloads in the reverse direction under light load conditions, and 
desensitization of protection systems during fault conditions. Similar to voltage management, the 
increasing complexity of the grid will require a transition away from simple autonomous controls 
to control schemes that are integrated across an entire feeder.   
 
Objectives 
 
The load control and near real-time power measurements provided by Advanced Reclosers 
when used in combination with ADMS enable engineering and operations personnel to 
automatically isolate faults and restore service (FLISR) to better manage capacity along 
individual feeders, ultimately resulting in lower costs to all Rhode Island Energy customers 
through optimization.  
 
The targeted deployment of Advanced Reclosers is forecasted to reduce both the duration and 
frequency of outages.  Additional reclosers will provide more feeder segments, which will 
result in fewer customers experiencing sustained outages when a fault occurs. Having more 
segments also makes it faster to locate faults, which can reduce outage time for all customers, 
even those in the faulted segment. In addition, software with overlaying control schemes to 
coordinate multiple Advanced Reclosers on a feeder to achieve fast, reliable, and safe fault 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total Cap Banks 135 180 165 165 163 808
Total Regs 11 14 15 15 15 10 80

Total Cap Bank and Regs Install Cash Flow 4,635,000$                  6,260,760$              6,075,101$          6,214,828$          6,298,627$          1,008,372$          30,492,688$          
17% 22% 20% 20% 20% 0%
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location, isolation, and service restoration (FLISR) can be incorporated for additional 
customer benefits where it is cost beneficial to do so. 
  
Benefits 
 
As illustrated in Section 6.4 and further discussed in Section 8 in conjunction with the BCA, 
Rhode Island Energy can expect up to a 30% reduction in outages (SAIFI improvement) across 
its electric distribution system because of the installation of advanced reclosers coupled with 
ADMS-Basic that features the FLISR application.  Additionally, advanced reclosers also 
support or enhance several other key functionalities, including improved system visibility, 
flexibility for system configuration, enhanced protection capability, voltage data to improve 
volt/VAR optimization analysis, and operational efficiencies.  Distribution Grid Control and 
Reliability functionalities result in the quantified benefit impacts summarized below.  
  

• OPEX Labor Efficiency (when coupled with ADMS and other supporting solutions) due 
to the ability for the distribution system operator to perform remote switching and reduce 
communications, step checks, and field crew labor costs that would otherwise be required 
in a manual switching exercise. 

  
• Avoided D-System Infrastructure Cost (when coupled with Advanced Capacitors & 

Regulators, ADMS, VVO/CVR platform, and other supporting solutions) due to the ability 
of the distribution system operator to autonomously or remotely control power flows on 
the distribution system, either by rearranging the distribution feeders or optimizing power 
output from renewable DERs, rather than investing in traditional “wires” solutions (e.g., 
reconductoring, substation upgrades) to relieve thermal or voltage constraints due to DER 
adoption. 

  
• Reduced Outage Restoration Time (when coupled with ADMS, FLISR, and other 

supporting solutions) by enabling the distribution system operator and control system to 
quickly locate and isolate a fault and restore power rather than waiting for field crews to 
locate a fault and restore power. Benefits are based on the monetization of customer 
impacts as presented in the DOE ICE Calculator.  

  
• Reduced DER Curtailment (when coupled with ADMS, DERMS, and other supporting 

solutions) due to the ability of the distribution system operator to optimize power output 
from renewable DER, by rearranging the distribution feeders and maximizing the load-to- 
generation balance, rather than relying on seasonal curtailment to maintain thermal and 
voltage compliance. 

  
The recommended plan enables the Company to ensure loading levels and protection systems 
are sufficient across all times of a year and in all areas of the distribution system with various 
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levels of customer DER adoption. Load and protection management are fundamental utility 
requirements for safe and reliable electric service. The GMP enables this fundamental 
requirement by integrating technology to more granularly manage the grid rather than simply 
building additional T&D capacity that is under-utilized during most of the hours in a year.  
 
The Interruption Cost Estimate (“ICE”) Calculator was used to calculate the benefits of the 
improved reliability.  It is a tool designed for electric reliability planners at utilities, 
government organizations or other entities that are interested in estimating interruption costs 
and/or the benefits associated with reliability improvements. Details are provided at: 
https://www.icecalculator.com/home.  
  
Deployment Priorities 
 
GMP Advanced Reclosers will be deployed on Rhode Island Energy feeders based primarily on 
SAIFI performance (outage frequency). In addition, a secondary consideration is the DER 
penetration on each feeder since DERs reduce available fault current and can desensitize 
protection equipment.  Location will be based upon advancing the long-term design configuration 
of each feeder – typically four mainline and two tie-line reclosers per feeder. 
 
Before the recloser installation, appropriate protection studies will be performed consistent with 
the normal Rhode Island Energy engineering and design process to ensure proper coordination – 
as it is performed today when any modification is made to a distribution feeder that affects its 
electrical characteristics. 
 
Schedule and Cost Estimate 
 

 
 
This program is included in the FY2024 Electric ISR Plan. 
  
5. Microprocessor Relays 
 
Background 
 
Generation, transmission, distribution, and their regulation continuously evolve. The equipment 
monitoring and protecting the power system needs to be flexible to meet these changes. Rhode 
Island’s 2021 Act on Climate set enforceable, statewide, economywide greenhouse gas emissions 
mandates to achieve net-zero emissions by 2050.  The 2022 amendments to the Renewable Energy 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total Recloser Quantity 222 315 315 315 315 79 1561
Total Recloser Install Cash Flow 17,404,800$               25,264,008$           25,845,080$        26,439,517$        27,047,626$        6,939,390$          128,940,422$       

14% 20% 20% 20% 20% 5%
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Standard further specify a schedule of electricity to be generated by 100% renewable energy 
resources by 2033. This transition will remove the inertia-based generation that has long stabilized 
system frequencies and replace it with variable sources that require more intelligent monitoring 
devices.  Intelligent and automated decision-making is becoming more important than ever for 
Rhode Island Energy to maintain operating costs, safety, and provide electric service reliability. 
Electro-Mechanical Relays, which are predominate in substations, are dated and provide little data 
or flexibility that will be needed to manage and operate in the future.   

Objectives 

Digital relays (microprocessor relays), adapt to power flow changes and other changes in system 
conditions with flexible settings, custom logic, and multiple settings groups.  Additionally, the 
fault location information provided by digital relays minimizes outages and reduces the time field 
technicians spend searching for issues. Improving how the power system is monitored and 
controlled can provide operations and maintenance benefits that exceed the initial capital 
investment. 

Benefits 

There are many advantages to upgrading old electromechanical, solid-state, and first-generation 
electromechanical relays.  Reliability improves because there is less direct wiring and 
interconnection wiring.  Reliability and security of multifunction logic and settings are improved 
with next-generation user interface software.  Remote input/output modules, remote analog/digital 
inputs, and thermal measurement capabilities have expanded protection, control, and monitoring 
capability.  New protection and monitoring features improve power system equipment life and 
increase personnel safety.  Maintenance costs are reduced, while internal watchdogs alert the user 
if the relay has a problem.  Settings groups can be changed instantaneously to adapt to varying 
power system requirements.  Digital relays offer a variety of secure communications capabilities 
for interfacing with Smart Grid controls, SCADA systems, and business networks.  Event memory 
is larger for more on-board, standardized oscillographs and event reporting.  Data from the 
upgraded relays is used in conjunction with software to predict failures before they occur, respond 
faster to incidents, and integrate data with business processes to make the Company more efficient 
and reliable which will result in customer savings, improved services, and increased customer 
satisfaction. 

Deployment Priorities 

There are five categories of microprocessor relays that make up the portfolio of installations and 
upgrades that will be performed on the Rhode Island Energy electrical distribution system. They 
are as follows: 
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• Category 1: These relay replacements will utilize the existing PPL standard where the 
relays come pre-wired within an outdoor enclosure.  Using an existing standard will 
allow for quick implementation.  The number of relays in this category is 32. 

o In Service Projection is 50% - Spring 2024 
o In Service Projection is 100% - Spring 2025 

 
• Category 2: These relay replacements will require a new standard to be developed due to 

the substation equipment being incompatible with the PPL relay standard described in 
Category 1.  These relays will be installed within the breaker itself as opposed to being 
in a separate enclosure.  The number of relays in this category is 87. 

o In Service Projection is 25% - Fall 2024 
o In Service Projection is 75% - Fall 2025 
o In Service Projection is 100% - Spring 2026 

 
• Category 3: These relay replacements will require a new standard to be developed and is 

expected to be finalized after the Category 2 standard.  This new standard will be for 
substations that have indoor circuit breakers and relay panels where a full relay 
switchboard panel design is required.  The number of relays in this category is 52. 

o In Service Projection is 25% - Spring 2026 
o In Service Projection is 50% - Fall 2026 
o In Service Projection is 100% - Fall 2027 

 
• Category 4: These relay replacements will require the station to be rebuilt or relocated 

due to existing space constraints within the substation yard making it not feasible to 
replace the relays within the same footprint.  Due to the complexity of this work, these 
relays will be replaced after 2028. This is high level and will be refined as we progress 
with scope development.  There are no quantities in the Foundational Investments in this 
category. 

o In Service Projection is 20% - Fall 2029 
o In Service Projection is 50% - Fall 2030 
o In Service Projection is 75% - Fall 2031 
o In Service Projection is 100% - Fall 2032 

 
• Category 5: This category includes all existing digital relays that will need to be 

reprogrammed to include additional safety and data gathering capabilities.  This 
reprogramming includes, but is not limited to, adding hot line tag and various SCADA 
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indications on why the device tripped for FLISR.  As this is purely a reprogramming of 
existing digital relays and therefore, an operating expense, there are no quantities to be 
installed in this category. 

o Work to be completed - Spring 2024 
 

All Category 1 and Category 2 installations (low-cost sites) will be initially targeted for 
replacement.  This represents about 17% of the current inventory of electro-mechanical feeder 
relays.  The remaining relay upgrades will occur in the future as an add-on item when the 
associated substation is being rebuilt for other reasons.  This is expected to occur over the next 
15-20 years. 
 
Schedule and Cost Estimate 
 

 
 
This program is included in the FY2024 Electric ISR Plan. 
 
6. Advanced Distribution Management System (“ADMS”) 

 
This project will apply only to ADMS advanced applications. It builds up functionality that is 
provided in ADMS Basic2 in a phased approach.  These ADMS-based application solutions are 
defined in Section 6.  Additional deployment details are provided below for FLISR, VVO/CVR, 
DERMS and Adaptive Protection: 
 
 
 
 

                                                 
2 ADMS Basic is the ADMS platform PPL currently has in place for its other utilities, and which Rhode Island 
Energy will have in place for its operations upon exit from the Transition Services Agreement with National Grid 
USA Service Company, Inc. As part of the Acquisition approval, PPL committed that it would not seek recovery 
from customers of any transition costs. Part of that transition includes bringing ADMS Basic to Rhode Island 
Energy. Accordingly, PPL is providing the ADMS Basic platform to Rhode Island Energy, the allocated costs of 
which will not be recovered from Rhode Island customers.  ADMS Basic is a significant enhancement to the 
National Grid distribution management system. PPL and Rhode Island Energy plan to propose enhancements to 
ADMS Basic (which are not a part of the transition) to increase functionalities and benefits.  In this AMF Business 
Case, the defined term ADMS Basic refers specifically to the software that PPL is providing to Rhode Island Energy 
as part of the transition. 
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• Fault Location, Isolation, and Service Restoration (“FLISR”) 
 

ADMS-based FLISR application - Software with overlaying control scheme to coordinate 
multiple load management devices (i.e., Advanced Reclosers & Breakers) on a feeder to 
achieve fast, reliable, and safe FLISR, which can reduce customer outage restoration time.  
 

• Volt-Var Optimization (“VVO”)/Conservation Voltage Reduction (“CVR”) 
 

VVO/CVR Platform - Accelerated deployment of software with control schemes to 
coordinate multiple voltage regulating devices (i.e., Advanced Capacitors & Regulators) 
on a feeder to achieve optimal CVR performance and reduce customer demand and energy 
use. 
 

• Distributed Energy Resource Management System (“DERMS”) 
 

DERMS - Suite of software tools that is necessary for DER Monitor/Manage to integrate 
customer controlled DER resources with grid operations, including dispatching DER in a 
manner that maintains the security of the distribution system while ensuring an optimal 
economic solution. 

 
• Arc and Flash Protection 

 
ADMS-based Adaptive Protection - Software that will support implementation of adaptive 
protection systems that can respond to changing fault conditions to properly coordinate 
circuit protective devices to ensure worker safety and the reliable operation of the 
grid.  This functionality is long-term and not included in the Foundational Investments.   

 
Background 
 
Currently, distribution system operators rely on static system models and the distribution status 
information in SCADA (where available) to make operating decisions.  For planned and 
emergency feeder reconfigurations, the distribution system operators utilize historic peak loading 
and nameplate data to help predict future conditions.  Historically, system loading patterns have 
been somewhat predictable with regions, substations, and even individual feeders generally 
following similar trends.  This is changing with the proliferation of DER, EV charging, and gas to 
electric heating conversion where daily, seasonal and locational variability is increasing.  In 
addition, any advanced automation schemes (e.g., VVO/CVR) have been difficult to develop and 
are currently built as stand-alone functions to the extent the capability is available.  The distribution 
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system operators can monitor the actions of the programs via the SCADA system, but they run 
independently based on “as-designed” feeder configurations rather than adapting to the real-time 
“as-switched” feeder configuration, meaning that automation schemes may be disabled if the 
distribution grid is out of its normal state. Finally, the Company aspires to expand the number of 
field devices that will be integrated with the existing SCADA system which will significantly 
increase the amount of data brought back from distributed devices.  As a result, existing capacity 
will be strained and capabilities will be needed that exceed existing applications.  The distribution 
system will no longer be able to be operated in a safe and reliable manner without a robust 
ADMS/SCADA system capable of facilitating the following primary functionalities; OMS, 
FLISR, VVO, DER Monitor/Manage, Control, and Power Flow, Auto-reconfiguration, etc. 
 
Objectives 
 
A condition that accompanied the PPL acquisition of Narragansett was to provide the ADMS Basic 
as a condition of the sale where deployment was named on the Transition Service Agreement 
(TSA). The strategy is to align Rhode Island ADMS systems to mirror the current ADMS 
architecture and functions that PPL has used as close as possible.   The scope of this investment 
includes incremental ADMS functionality being developed beyond ADMS Basic to satisfy Rhode 
Island Energy requirements where various functionalities will be phased in as a result of the 
Foundational Investments as described in Section 6.    
 
Benefits 
 
The proposed ADMS investment is software that is dependent upon integrated information from 
advanced field devices and AMF meters to provide the Distribution Control Center operations 
greater visibility, situation awareness, and optimization of the electric distribution grid as well as 
improved efficiencies through automating multiple control center processes. The Company 
believes ADMS is a critical platform for the integration and operational management of DERs as 
their impact on grid performance grows, and ADMS will incorporate real-time data into useful 
solutions from an ever-growing number of Advanced Field Devices, DERs, and AMF data as it 
becomes available. For example, when planning to reconfigure the grid, ADMS will allow the 
distribution system operators to simulate the future state (i.e., reconfigured grid) to test the 
reconfiguration approach and ensure the most efficient switching that yields optimal power quality. 
DERs will be operationally integrated into the ADMS to allow distribution system operators to 
assess their effect on the grid, as well as leverage them for support where possible.  
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Schedule and Cost Estimate 
 

 
 
The project will be implemented utilizing a phased approach to develop different application 
modules that yield incremental functionality with the Foundational Investments through 2028.   
This will maximize value add and benefits realization as early as possible.   To date, the Company 
has completed an analysis and scoping effort for the development of the Rhode Island Energy 
ADMS expansion which is described in Section 6.  This program is included in the FY2024 
Electric ISR Plan.  ADMS Basic is provided by PPL to the Company as part of the transition.   
 
7. DER Monitor/Manage 
 
Background 
 
The transmission and distribution system in Rhode Island is currently undergoing significant 
changes due to the increasing deployment and use of DER, upending the traditional electric grid 
architecture that has been supplied with centralized, large-scale generation located at significant 
distances from customers. By allowing customers to both consume and produce electricity at what 
were traditionally points of delivery, DER force the electric distribution system to perform in a 
way for which it was not originally designed and, as a result, places an increasing stress on the 
grid. 
 
As DER in Rhode Island continue to increase, the Company still must provide reasonable, safe, 
reliable, and affordable electric service to all of its customers, including those who have not 
installed DER. This can be particularly difficult because electricity cannot be readily stored and 
generation and load must be balanced at all times. Today, transmission operators, such as ISO-NE, 
manage the transmission grid by maintaining a balance between demand and generation by 
monitoring and controlling generation assets instantaneously. Traditionally, distribution operators 
did not have to worry about balancing demand and generation because the distribution grid had 
very little generation connected to it. However, as the penetration level of DER increases, the 
classical model of distribution systems, not well-equipped to handle the simultaneous balancing 
of demand and generation, will need to change in the future to ensure system stability. 
 
Therefore, as distribution systems become increasingly similar to transmission, i.e., a mix of 
demand and generation, the need to balance generation and demand becomes critically important. 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total ADMS Install Cash Flow 105,000$                     140,000$                 3,159,888$          1,568,613$          4,387,338$          2,168,250$          11,529,088$          
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Such balancing cannot be accomplished without the ability to monitor and manage generation 
assets on the grid. 
 
Objectives 
 
As more DER are interconnected with the Company’s distribution system, Rhode Island Energy 
will have to balance demand and generation simultaneously and will increasingly experience 
issues on its distribution without having the ability to monitor and manage those resources. Solar 
and other intermittent resources can negatively affect the voltage on the electric distribution 
system, resulting in delayed interconnection or distribution system reinforcements before 
additional DER can be installed. Given Rhode Island Energy’s current inability to directly 
communicate with and manage DER to mitigate resulting power quality issues and to leverage 
grid support functionality, the amount of intermittent generation that can be interconnected must 
be limited to maintain system stability and reliability. Moreover, in the absence of such ability, the 
reliability, safety, and efficiency of Rhode Island Energy’s service will be placed at increased risk 
with each new DER that is interconnected with the distribution system. 
 
Benefits 
 
The Company uses the term “grid modernization” to refer to those investments associated with 
managing the distribution system with more granularity to create a platform of solutions that 
enables more DERs to connect, while also giving customers more control over their energy 
decisions, reducing energy use, and improving reliability.  As more DERs connect to the system, 
the devices need to be integrated with utility operations at all levels for management and 
monitoring purposes. 
 
Many utilities have experienced operations and planning challenges as DER penetration becomes 
increasingly significant.  These challenges include, but are not limited to, voltage swings, masked 
or hidden load, limited hosting capacity, planning uncertainties, and protection/operational 
challenges with two-way power flow.  In response to these challenges, the IEEE 1547-2018, which 
set forth requirements for smart inverters that can help support the distribution system.   When 
these smart inverters are coupled with DER management devices, the IEEE standard provides 
electric utilities with the ability to monitor and manage DERs interconnected with their distribution 
systems.  See Attachment G.     
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Schedule and Cost Estimate 
 
The DER Monitor/Manage application will be placed in service incrementally as components of 
the GMP are completed.  The deployment plan was developed based on the projected DER 
connections by year and the cost per connection.    
 

 
 
This program is included in the FY2024 Electric ISR Plan.  
 
8. Mobile Dispatch 
 
Background 
 
Today, dispatchers from the Distribution Control Centers and Storm Rooms utilize OMS (Outage 
Management Systems) to view customers calls and predicted outage locations.  They prioritize 
“trouble calls” and outages and assign them to appropriate field crews based on capability and 
location as optimally as possible.  This is performed remotely at dispatch centers without the 
benefits of real-time knowledge of actual outages and locations of field crews. 
 
Objectives 
 
The implementation and integration of the ADMS-based Mobile Dispatch application with OMS 
will allow field crews with handheld devices to assign and dispatch themselves to outages based 
on their location, capabilities, and equipment.  This can result in more efficient utilization of field 
crews and crew time and shorten “trouble calls” and outage response times. In addition, field crews 
will be able to update details concerning their time of arrival, incident details once on location, 
and estimated restoration times rather than calling that information into the centralized dispatch 
locations. In turn, the crews will receive near-real time updates directly on their devices to enable 
situational awareness in the field and reduce field-to-control center process steps increasing time 
spent on the task at hand. 
 
Benefits 
 
The Mobile Dispatch application will be placed in service incrementally as components of the 
GMP are completed.  Mobile Dispatch is expected to improve outage restoration times, the 
efficiency and accuracy of restoration efforts, and worker safety. 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total DER Monitor Manage Quantity                                      -                                    -                                -                         4,017                       8,034                       8,787 20,838                     
Total DER Monitor Manage Install Cash Flow -$                               -$                           -$                       $2,288,076 4,043,598$          4,414,290$          10,745,964$          

0% 0% 0% 19% 39% 42%
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Schedule and Cost Estimate 
 

 
 
This program is included in the FY2024 Electric ISR Plan. 
 
9. Information Technology (“IT”) Infrastructure and Cyber Services 
 
Background 
 
Managing the distribution system more granularly in order to safely, reliably, and cost effectively 
meet customer’s evolving expectations will depend on the Company’s ability to manage, analyze, 
and share underlying information or data. Managing high levels of DER integration while ensuring 
electrical network stability and performance will rely on deeper and faster insight into asset 
performance, operating conditions, and customer demand. As the Company deploys more 
Advanced Field Devices, AMF, and other technologies, there will be an enormous growth of 
incoming data.  
 
Objectives 
 
The IT Infrastructure Plan includes investments that will build foundational data management 
capabilities by enabling enhanced data governance across key datasets including an enterprise 
integration platform that will provide all the necessary system integrations and associated data 
protection.   
 
Benefits 
 
The proposed underlying IT infrastructure investments in data management are necessary to enable 
grid modernization functionalities and realize its full benefits.  The Company considers 
cybersecurity a necessary capability in order to operate a safe, reliable and cost-effective electric 
distribution system as discussed in Section 7.4 and further described in Attachment J. 
Cybersecurity protects customers and electric grid operations from a vast array of threats. As more 
intelligent devices, including third-party devices, are interconnected and integrated with utility 
operations, the number of potential targets increases, as does the need for a robust cybersecurity 
program. 
 
 
 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total Mobile Dispatch Install Cash Flow 73,500$                        98,000$                    171,500$              196,000$              196,000$              49,000$                784,000$                

306



THE NARRAGANSETT ELECTRIC COMPANY 
d/b/a Rhode Island Energy 

RIPUC Docket No. 22-56-EL 
  In Re: Grid Modernization Plan (GMP)  

Deployment Plan 
Attachment H 
Page 21 of 22 

______________________________________________________________________________ 

Schedule and Cost Estimate 

The IT Infrastructure will be placed in service incrementally using the impact assessment described 
in Attachment J and as components of the GMP are completed. 

This program is included in the FY2024 Electric ISR Plan. 

10. Communications - Fiber Network

Background 

Currently, leased cellular communications is used to communicate with automated devices in 
substations and with automated devices that have been installed on distribution lines.  Leased 
cellular service is limited in bandwidth and is subject to greater interference, especially during 
emergencies when communication is imperative.  

With the proliferation of GMP and AMF automated devices, there is a significant need to send 
data to/from these devices to software systems and customer portals quickly to visualize, monitor, 
and manage the distribution system and interact with customers in near-real time.  Cellular, 
especially when used as a back-haul carrying significant data traffic that is critical to operations, 
adds reliability and resiliency system risk.    

Objectives 

The GMP is proposing for Rhode Island Energy to own, operate and maintain a private fiber 
network in Rhode Island to support communications to substations where it will be used to back-
haul information from substations that includes AMF data.  This investment will replace leased 
cellular services that currently provide back-haul communications for substations.  

Benefits 

Replacing cellular services connecting substations with fiber optic cabling will significantly 
improve data flow, reliability and resiliency of communications.  This ensures maximum 
effectiveness of the many GMP components, technologies, and systems that are working in sync 
to deliver safe, reliable, and affordable power. 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total IT Infrastructure Install Cash Flow 1,514,100$                  2,018,800$              2,998,800$          4,281,620$          4,837,280$          757,050$              16,407,650$          
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Schedule and Cost Estimate 
 
The backhaul fiber network will consist of 100 miles of fiber that is a shared facilitate between 
bulk Transmission and Distribution where 92 miles of distribution and 8 miles across water are 
included in the Foundational Investments.  The remaining 46 miles of fiber for Transmission will 
be proposed through NEPOOL because it is a looped facility, where costs will be shared across 
the members. Rhode Island Energy’s portion of this cost would be approximately 7% of the $23M 
because it is defined as a Pool Transmission Facility (PTF), based upon Rhode Island’s load ratio 
share.  The deployment of this network will reduce Rhode Island Energy’s annual O&M costs.  
The cost and benefits of the Rhode Island Energy GMP fiber network are included in the BCA 
analysis. The fiber network will be placed in service over the period addressed by the Foundational 
Investments.   
 

 
 

 
 
The distribution investments for this program are included in the FY2024 Electric ISR Plan.  The 
Transmission Fiber investments do not get submitted via the ISR plan.   
 

 

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Total Distribution Fiber Miles 11 18 36 27 4 4 100
Total Distribution Fiber Cash Install Flow 8,104,600$                  11,348,400$           17,875,200$        15,278,200$        7,996,800$          7,996,800$          68,600,000$          

11% 18% 36% 27% 4% 4%

Program Category 2024 (4/1/23 - 
12/31/23)

2024 (1/1/24 - 
12/31/24)

2025 2026 2027 2028 Total

Transmission Fiber 3,285,714$                  4,380,952$              7,666,667$          7,666,667$          -$                       -$                       23,000,000$          
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GMP Benefit-Cost Analysis (BCA) Spreadsheet 

CONFIDENTIAL 

The Company provided GMP BCA Analysis Spreadsheet as an Excel document.

As permitted by the Public Utilities Commission Rule 810-RICR-00-00-1-1.3(H)(3) and Rhode 
Island Gen. Laws § 38-2-2(4)(A), -(B), the Company is seeking confidential treatment of the 

GMP BCA Spreadsheet.  
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Attachment K: 

Rhode Island Energy Grid Modernization Loss Study 
 
Purpose 
In the Grid Modernization Plan (GMP analysis), distribution system models with the necessary electric 
vehicle load, electric heat pump load and DG to meet state-wide emission reduction goals were 
simulated to assess solutions for the No Grid Modernization alternative and the Grid Modernization 
alternative required to prevent adverse loading and voltage issues. The No Grid Modernization 
alternative solutions are based on traditional wire infrastructure that expand system capacity through 
the construction of new feeders, sub-transmission lines and substations to accommodate the increased 
load and DG. The Grid Modernization alternative solutions leverage the proposed grid modernization 
capabilities from the Foundational Investments that enable time-of-use load shifting, granular DG 
curtailment, battery storage control, and volt-var inverter control to defer some of the No Grid 
Modernization infrastructure cost while still accommodating the increased load and DG.  

In addition to the infrastructure cost deferrals from the grid modernization solutions, the distribution 
and transmission losses from both alternatives must also be compared to factor into the claimed 
benefits of the proposed grid modernization implementation. To make this comparison and to evaluate 
the effect DG has on losses, this study will assess and compare annual energy losses of the Central RI 
East distribution planning area with the necessary load and DG to meet state-wide emission reduction 
goals under the following cases: 

1. No Fixes Case – The case without any solutions that address the adverse loading and voltage 
conditions, also referred to as the no solutions case 

2. No Fixes DG Off Case – The case without any solutions that address the adverse loading and 
voltage conditions and with all DG disabled, also referred to as the no solutions case with DG 
disabled case 

3. Non-GMP Case – The case with non-GMP solutions that address the adverse loading and voltage 
conditions 

4. GMP Case – The case with GMP solutions that address the adverse loading and voltage 
conditions 

5. GMP DG Off Case – The case with GMP solutions that address the adverse loading and voltage 
conditions and with all DG disabled 
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Background 
Distribution and transmission system losses in lines, cables, transformers, and other equipment carrying 
load make up the fraction of generated energy that does not supply customer loads. Since distribution 
and transmission losses don’t supply customer loads, they are accounted as cost without benefit. Typical 
distribution and transmission system losses are in the range of 3% to 6% of the supplied energy from 
generators. To minimize the cost of lost generated energy, the distribution and transmission system 
losses must be kept as low as possible. 

Most distribution and transmission losses come from conductor and equipment resistive losses, which 
are a function of load current squared and resistance of the conductors and equipment carrying load 
current. Conductor resistance is a function of conductor length, cross sectional area and resistivity. The 
highest distribution system losses exist in feeders and sub-transmission lines that carry more load 
current over greater distances. Expanding existing system capacity to relieve lossy feeders and sub-
transmission lines is an effective way to reduce overall distribution system losses, but it comes at the 
cost of capital expense. 

Distributed generation (DG) can also reduce distribution and transmission losses if sized and located 
accordingly. DG can provide energy closer to customer loads, which reduces both the length of the load 
carrying conductors and the load current that is supplied from the transmission system. In some cases 
when DG is greater than all the gross customer loads on its distribution network, DG power back feeds 
into the transmission system. Distribution losses can increase since high current flow that back feeds 
into the transmission system can be larger in magnitude than forward current flow during periods of 
peak load. In addition, power from DG back feed supplies customers in remote distribution networks. 
Therefore, additional distribution losses in those remote distribution networks exist during these 
periods of excessive DG. 

Study Methods 
The study method was developed to compare distribution and transmission losses from five alternative 
cases for a representative subset of the Rhode Island Energy distribution system to ensure that the 
differences in percent loss between the cases accurately represent percent loss differences at the state-
wide level. 

The Company first established the study assumptions, then determined the software and data 
requirements.  

Study Assumptions: 

• 15kV Class Feeders - This is Rhode Island Energy’s most common feeder class and the feeder
class most interconnected to by new load and DG.
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• 25kV Class Sub-Transmission Lines - This is Rhode Island Energy’s most common sub-
transmission class and the sub-transmission class most interconnected to by new load and DG. 

• Secondary Losses - Each feeder’s and sub-transmission line’s secondary losses were calculated 
assuming each power distribution service transformer’s loss at its peak power is 0.4kW and that 
each secondary service line is a 160-foot length of 4/0 triplex line. 

• Transmission Losses – Each feeder’s and sub-transmission line’s transmission losses were 
assumed to be 3% of the power through their substation breakers. 

• Remote Distribution Losses – Each feeder’s and sub-transmission line’s remote distribution 
losses were assumed to be 3% of the power through their substation breakers when their DG 
back fed into the transmission system. 

Software and Data Requirements: 

• CYME Software with Load Flow with Profiles module - this modeling software and analysis 
module are used by Rhode Island Energy for all 8760 analyses. 

• 35 Central RI East Feeder Models – the feeder models, which included the necessary load and 
DG to meet state-wide emission reduction goals, were selected for their robustness during load 
flow with profiles analysis and were used to collect the loss and load data necessary for the 
analysis. 

• 4 Central RI East Sub-Transmission Line Models – the sub-transmission line models, which 
included the necessary load and DG to meet state-wide emission reduction goals, were selected 
for their robustness during load flow with profiles analysis and were used to collect the loss and 
load data necessary for the analysis. 

• State-wide Emission Reduction Goals – Electric vehicle loads, electric heat pump loads, PV 
generation and wind generation, all set at unity power factor, were distributed in the models in 
quantities that meet state-wide emission reduction goals.  

• Rhode Island Energy’s load and generation profiles – these projected factors scale electric 
vehicle load, electric heat pump load, economic load, PV generation and wind generation 
independently for each hour to represent the varying load to generation ratios that will directly 
impact how the losses vary over the year.  

 
 

The load flow with profiles analysis was run with the selected feeders and sub-transmission lines to 
capture a time series of load flow data in 3-hour intervals. The profiles used in the analysis scaled the 
feeders’ and sub-transmission lines’ electric vehicle loads, electric heat pump loads, economic loads, PV 
generation and wind generation independently at every 3-hour increment. These profile scaling factors 
are used to accurately represent the projected variation of the load to generation ratios that directly 
impact how the losses vary over the year. Downstream primary losses and through power were 
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monitored at each feeder’s and sub-transmission line’s substation breaker and recorded every 3-hour 
increment to use in the following analysis.  

Supporting data was also derived outside of CYME. Each feeder’s and sub-transmission line’s 
downstream gross load, secondary losses, transmission losses and remote distribution losses were 
derived for each three-hour interval across the year. In the following analysis, downstream gross load 
refers to the total load consumed by customers connected downstream of each feeder’s and sub-
transmission line’s substation breaker. Secondary losses refer to the losses in all the power distribution 
service transformers and secondary service lines used to supply downstream gross load. Transmission 
losses refer to the losses in the transmission system that supplies each feeder and sub-transmission line. 
Remote distribution losses refer to the losses in the remote distribution networks with customers 
supplied by the DG power from each feeder and sub-transmission line back fed into the transmission 
system. 

The monitored and derived data was then used to derive total loss and total gross load. In the following 
analysis, the total loss for each feeder and sub-transmission line was calculated as the sum of 
downstream primary losses, secondary losses, transmission losses, and remote distribution losses. The 
total gross load for each feeder and sub-transmission line was calculated as the downstream gross load 
plus the substation breaker through power when DG power back fed into the transmission system. This 
DG back feed power, referred to in the analysis as back feed gross load, is factored into the total gross 
load to account for the additional customers in remote distribution networks supplied by each feeder’s 
and sub-transmission line’s DG power back fed into the transmission system. 

Annual loss and load energy for each feeder and sub-transmission was derived by summing all their total 
loss power values and total gross load power values across the year and multiplying by the 3-hour time 
interval used in the load flow with profile analysis. The loss and load energy were then summed across 
all the feeders and sub-transmission lines to get total loss and load energy of the entire study area. 
These results were then analyzed, compared, and organized in the format shared in the analysis results 
section below. 

Analysis Results 
For each case studied, all the sources of loss were captured and compared to better understand each 
case’s loss breakdown. Out of all the sources of loss contributing to total losses, the secondary losses 
contributed the most, with annual energy that exceeded 53,000 MWh (megawatt hours) in all cases. 
Since the downstream gross customer load and secondary distribution equipment does not vary 
significantly between the cases, the secondary losses are constant over all the cases. The next highest 
loss contribution was from the transmission losses, which were greater than 48,000 MWh for all the 
cases. The highest transmission losses, at about 53,000 MWh, come from the two cases with DG 
disabled because all the downstream customer loads are exclusively supplied by the transmission 
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system without support from DG. Varying from 25,000 to 41,000 MWh, downstream primary losses are 
the third highest contributor. The non-GMP and GMP solutions that eliminate overloading issues reduce 
these downstream losses compared to the cases without solutions. The presence of DG in the cases with 
DG enabled also reduces the downstream primary losses compared to the cases with DG disabled since 
it relieves the conductors leaving the substation from carrying the entire gross load current and shortens 
the distance between power generation and load. Finally, the remote distribution losses are the 
smallest, less than 13,000MWh. These losses only exist when there is back feed into the transmission 
system due to high DG. Remote distribution losses do not exist in the cases where DG is disabled. Below 
is a chart and table showing the breakdown of the area’s energy losses for the five studied cases. 

 

  
No 

Fixes 
No Fixes 
DG Off 

Non-
GMP 

GMP GMP DG 
Off 

Downstream Losses (MWh) 38235 41414 25018 25835 30072 
Secondary Losses (MWh) 53100 53100 54072 53113 53113 
Transmission Losses (MWh) 50465 53237 50865 48317 52921 
Remote Distribution Losses (MWh) 12151 0 12539 10848 0 

 

For each case, the two sources of gross load were captured and compared. Most of the gross load came 
from the downstream gross customer load. The downstream gross load was constant over the five cases 
at about 1,800,000 MWh. The variation of total gross load between cases was mostly due to the 
contributions of the back feed gross load. As explained earlier, the back feed gross load corresponds to 
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the customer load supplied in remote distribution networks when there is an excess of DG on the 
feeders and sub-transmission lines that back feeds into the transmission system. This gross load 
contribution only existed in the three cases with DG enabled. It was roughly 400,000 MWh in the cases 
with no solutions and non-GMP solutions. The case with GMP solutions was reduced to 360,000MWh 
due to the granular DG curtailment of the proposed GMP implementation. Below is a chart and table 
showing the breakdown of the area’s gross load energy for the five studied cases. 

 

  
No Fixes No Fixes 

DG Off 
Non-
GMP 

GMP GMP DG 
Off 

Downstream Gross Load (MWh) 1758421 1758421 1807940 1812767 1812767 
Backfeed Gross Losses (MWh) 405034 0 417972 361600 0 

 

Summing all the sources of losses to derive the total loss and summing the downstream gross load and 
back feed gross load to derive total gross load combines all these considerations to compare each case’s 
overall loss and gross load. Using these quantities, percent loss can be derived by taking each case’s 
total loss as a percent of the total energy consumed by both losses and gross load. 

Comparing the area total losses of the five cases shows the highest losses exist in the two cases with no 
solutions. Without the non-GMP or GMP solutions addressing the overloads that occur with the load 
and DG necessary to meet the State’s emission reduction goals, the downstream primary distribution 
losses are higher for the cases with no solutions. The no solutions case with DG enabled has the highest 
losses because the DG power back feeding into the transmission system contributes 12,000 MWh of 
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remote distribution losses to its total losses, 154,000 MWh. As explained in the breakdown, the non-
GMP and GMP solutions that address overloads keep the downstream primary losses lower for the non-
GMP and GMP cases. This makes their total loss lower than the cases without solutions. When 
comparing the cases with non-GMP and GMP solutions, the case with non-GMP solutions shows higher 
overall losses, at 142,000 MWh. The granular DG curtailment implemented in the case with GMP 
solutions reduces losses from excessive DG that back feeds into the transmission system and remote 
distribution networks. Disabling the DG in the GMP solutions case reduces these remote distribution 
losses to zero. This makes the case with GMP solutions and DG disabled the case with the lowest overall 
losses, at 136,000 MWh. Below is a chart and table showing the area’s total loss for the five studied 
cases. 

 

  
No Fixes No Fixes DG 

Off 
Non-GMP GMP GMP DG 

Off 

Losses (MWh) 153952 147752 142493 138113 136106 
 

Comparing the area’s total gross load over the cases shows that the three cases with DG enabled have 
higher overall gross loads, all above 2,170,000 MWh, than the two cases with DG disabled, both under 
1,820,000 MWh. As shown in the gross load breakdown, this difference is from the back feed gross load 
contribution that comes from excessive DG back feeding into the transmission system and supplying 
customer loads in remote distribution networks. Other than the difference from back feed gross load 
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contribution, the area total gross load does not vary greatly over the cases. Below is a chart and table 
showing the area’s total gross load over the five studied areas. 

 

  
No Fixes No Fixes 

DG Off 
Non-
GMP 

GMP GMP DG 
Off 

Gross Load (MWh) 2163455 1758421 2225912 2174367 1812767 
 

It is important to evaluate the loss energy as a percentage of the total energy consumed by losses and 
gross customer loads. It provides a common reference between the cases when comparing losses since 
it factors in the gross customer loads served. Percent loss is the rate of energy loss per energy generated 
to serve customer loads.  

Comparing the percent loss of the five cases shows that while the energy losses are lower in the cases 
with DG disabled, the percent loss is higher by about 1% than the cases with DG enabled. This is because 
without DG, there is no back feed that supplies customer loads in remote distribution networks 
contributing to total gross load. For the three cases with DG enabled, the comparison of percent loss is 
closer to the energy loss comparison since those three cases serve similar total gross customer load. 
However, the DG curtailment in the case with GMP solutions cause a reduction in both total loss and 
total gross load with respect to the non-GMP solutions case, making its percent loss, 5.97%, very close 
to the non-GMP case, 6.02%. Below is a chart and table that compares the percent loss over the five 
studied cases. 
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No Fixes No Fixes 

DG Off 
Non-
GMP 

GMP GMP DG 
Off 

Losses (%) 6.64% 7.75% 6.02% 5.97% 6.98% 
 

To get the area loss and gross load data, all the area feeders’ and sub-transmission lines’ loss and gross 
load data was collected and summed together. This feeder and sub-transmission line data can be further 
analyzed and compared across the cases. Since all the feeders’ and sub-transmission lines’ percent 
losses were derived for each case, the maximum and minimum percent loss for each case can be 
compared. Below is chart and table showing the maximum and minimum percent losses for the five 
cases studied. 
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No 
Fixes 

No 
Fixes 

DG Off 

Non-
GMP 

GMP GMP 
DG Off 

Maximum Losses (%) 8.98% 11.97% 8.17% 7.79% 9.84% 
Area Losses (%) 6.64% 7.75% 6.02% 5.97% 6.98% 
Minimum Losses (%) 2.73% 3.03% 2.47% 2.92% 3.07% 

 

To derive the area loss and gross load data in units of energy, the loss and gross load data needed to be 
collected in units of power at 3-hour intervals over the year. Since each 3-hour interval’s loss and gross 
load power data was captured, the loss and gross load power can be evaluated over the year. From the 
power data, the highest percent loss exists when the gross load peaks in February due to heat pump 
usage. 6PM is generally when the daily gross load peaks. Below is a chart showing area percent loss at 
6PM each day of the year for the five studied cases. 
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Looking closer at a subset of the power data across the year, an anomaly was identified. During peak DG 
generation, the no solutions case with the DG enabled can yield higher percent loss than the no 
solutions case with the DG disabled. This is because the reverse power flow is so large in magnitude that 
the conductors exiting the substations become heavily loaded resulting in higher losses. This condition is 
evident when analyzing the area’s sub-transmission system, which has the highest concentration of DG 
to meet the state’s emission reduction goals. On peak generation days, April 16th and 17th, the no 
solutions case with DG enabled has higher losses than the no solutions case with DG disabled between 
the hours of 9AM to 2PM. Below is a chart showing the area’s sub-transmission system’s percent loss 
during the year’s peak generation days for the no solution cases with and without DG enabled. 
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During this same peak generation period, the granular DG curtailment in the GMP solutions prevents 
that increased loss in the case with DG enabled such that its percent loss remains under the GMP 
solutions case with DG disabled. Below is a chart showing the area’s sub-transmission system’s percent 
loss during the year’s peak generation days for the GMP solutions cases with and without DG enabled. 
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Conclusion 
From the analysis above, it can be concluded that DG reduces percent loss by about 1% since the power 
it supplies is more local to customer loads than the power supplied through the transmission system. 
This shortens the distance the customer load current needs to travel on the distribution feeders and 
sub-transmission lines and reduces the power required from the transmission system. This was apparent 
when observing the DG enabled cases’ lower downstream primary distribution losses and the lower 
transmission losses in the loss breakdown. Contrary to this result, the cases with DG have higher remote 
distribution losses. These losses exist when DG exceeds its feeder’s or sub-transmission line’s gross load 
such that the DG back feeds into the transmission system and supplies customer loads in remote 
distribution networks. However, this occurrence of excessive DG also increases the back feed gross load, 
which contributes to the total gross load of the cases with DG enabled. This back feed gross load 
contribution drives the percent loss of the cases with DG enabled to be lower overall than the cases with 
DG disabled.  

For purposes of discussion, percent loss of the no solution cases with and without DG were plotted on 
peak generation days to show that DG can increase percent losses for subsets of the system during peak 
generation hours between 9AM to 2PM. The GMP solutions cases with and without DG were also 
plotted during the same peak generation period to show that the granular DG curtailment implemented 
in the GMP proposal will reduce back feed and the associated losses. This reduced loss prevented the 
percent loss of the GMP solutions case with DG enabled from exceeding the GMP solution case with DG 
disabled. 

Another conclusion drawn from the analysis is that the cases with non-GMP and GMP solutions had 
percent loss 0.6% lower than the cases with no solutions. The infrastructure and solutions in the non-
GMP and GMP cases that addressed all adverse loading issues from the increased load and DG required 
to meet state-wide emission reduction goals also reduced downstream primary losses with respect to 
the cases with no solutions. With the secondary losses, transmission losses, remote distribution losses 
and gross load relatively constant between the cases with no solutions and non-GMP solutions, the 
reduction in the downstream primary losses made the percent loss lower for the case with non-GMP 
solutions. The case with GMP solutions included DG curtailment that reduced transmission losses, 
remote distribution losses and gross load in comparison to the case with non-GMP solutions. This 
reduction in both total losses and total gross load ended up making the percent loss of both the cases 
with non-GMP and GMP solutions around 6%. 
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Attachment L: 
Impact of Distributed Generation and Grid Modernization  

on Volt-Var Optimization Systems 
 
Purpose 
 
The purpose of this review is to explore the potential impacts and the magnitude of the impacts 
that distributed generation (“DG”) can have on volt-var optimization (“VVO”) systems.  
Distributed generators will typically increase the voltage on feeders, especially during periods of 
light load.  This is contrary to the goal of VVO systems, which attempt to lower voltage during 
all hours to reduce energy consumption.  This study will evaluate such voltage interactions on a 
real-world test circuit to determine when and to what extend DG can impact VVO systems.  This 
review will also explore how grid modernization concepts can be used to mitigate the DG 
impacts. 
 
This analysis will aim to demonstrate base VVO benefits, then show how DG sites can 
negatively impact these benefits. Lastly, by utilizing grid modernization solutions such as 
inverter volt-var control, this analysis will show that VVO benefits can be regained even with a 
high penetration of DG. 
 
Background 
 
ANSI C84.1 is the national standard that defines the allowable utility voltage range for electric 
services.  Range A of ANSI C84.1 mandates that electric service voltage must be in the range of 
114 V – 126 V.  On a typical radial distribution feeder, voltage is highest at the substation 
(source).  Voltage gradually drops as you move further away from the source as current flowing 
through the feeder line impedance creates a voltage drop (V = I*R).  Traditionally, the goal was 
to keep voltages in the upper portion of ANSI Range A (120 V – 126 V) to counteract voltage 
drop.  In order to achieve this, devices such as voltage regulators, capacitor banks, and load tap 
changers are used to regulate voltage.  
 
VVO is a scheme to optimize voltage and reactive power flows on a distribution feeder, similar 
to Conservation Voltage Reduction (“CVR”).  VVO aims to keep voltages in the lower half of 
ANSI Range A (114 V – 120 V) while ensuring all Customer service voltages do not drop below 
or exceed the allowable 114 V – 126 V range.  Experience has shown that reducing overall 
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voltage and employing a VVO scheme leads to annual demand reduction and energy savings, 
typically around 3%.  
 
A VVO scheme utilizes supervisory control and data acquisition (“SCADA”) devices that were 
mentioned above (capacitor banks, voltage regulators, load tap changers).  These devices work in 
conjunction to keep voltage as low as possible to maximize demand and energy savings to 
benefit all customers.  Additionally, the use of SCADA operated capacitor banks with advanced 
controllers can reduce VAR flow on feeders.  This helps to reduce losses as a reduction in VAR 
flow will correspond to a reduction in line current and a more efficient system (higher power 
factor).  
 
Rhode Island Energy has reviewed numerous DG interconnection studies which have evaluated 
the voltage rise caused by the generators.  Often the interconnections studies recommend voltage 
mitigating solutions, such as advanced capacitors and advanced regulator controls.  These 
solutions could be used within a VVO system, but a study to assess the impact of a specific DG 
on an existing or planned VVO system is not performed during an interconnection study nor 
does the Company recommend doing so.  Instead, the Company recognizes the existing 
programs need to account for the changing distribution system.     
 
Grid modernization functionalities such as inverter volt-var control and DER Monitor/Manage 
efforts are intended to provide real-time voltage control to meet the fundamental ANSI voltage 
guidelines.  However, these same technologies would be used to refine existing and planned 
VVO systems to maximize benefits. 
 
As highlighted by the various topics above, a study is needed to combine the programs and 
technologies to ensure the most cost effective and most beneficial path is chosen. 
 
Study Methods 
 
The study method was developed to demonstrate the benefits of the current VVO solution and 
the corresponding impacts of DG on a representative subset of the Rhode Island Energy 
distribution system.  Furthermore, the analysis considered the proposed suite of grid 
modernization solutions to determine whether benefits would be regained with a VVO model 
inclusive of inverter controls. 
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Study Assumptions 
 

• 15kV Class Feeder - This is Rhode Island Energy’s most common feeder class and the 
best candidate for a VVO scheme as the vast majority of residential and commercial 
customers are served by a feeder of this voltage class.  All of Rhode Island Energy’s 
current VVO schemes are on 15kV class feeders. 

• The Tiverton 33F4, 12.47 kV (nominal) feeder was chosen as a representative feeder for 
this analysis.  The Tiverton 33F4 serves approximately 3,400 residential and commercial 
customers in the towns of Tiverton and Little Compton. 
 

Software and Data Requirements 
 

• CYME Software with Load Flow with Profiles module - this is the modeling analysis 
used by Rhode Island Energy for all 8760-hour per-year analyses.  This VVO analysis 
will utilize 8760-hour analysis to collect data for one (1) year.  

• Rhode Island Energy’s residential and commercial load and generation profiles – the 
projected factors scale economic load and PV generation independently for each hour 
over one (1) year.  

 
Analysis Steps 
 
Load flow with profiles 8760-hour analysis was run on the Tiverton 33F4 feeder using Rhode 
Island Energy load and generation profiles in three-hour increments.  Base peak loading in the 
model, which remained constant, was defined with the recorded 2021 peak loads.  Rhode Island 
Energy 2030 load profiles were used to vary residential and commercial load throughout the 
analysis year.  Voltage and through power was monitored at the feeder beginning, middle, and 
end points.  For each step, total energy supplied by the 33F4 feeder was calculated for the year.  
For steps including DG, energy supplied by DG sites was gathered through separate monitoring 
points and manually added back in to correctly calculate the total feeder energy for the year. 
 

• Steps 1 & 2: Analysis will compare energy savings on the Tiverton 33F4 from the current 
system to a VVO enabled system.  

• Step 3: DG sites will then be included in the analysis to show the negative impact to 
energy savings.  Approximately 9.5 MW of DG was included in the analysis.  

• Step 4: DG sites will utilize grid modernization functionalities as described previously to 
regain energy benefits from VVO. 
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Analysis Results 
 
Note: These results are for demonstration purposes only and are not an actual representation of 
energy savings. 
 
Steps 1 & 2: Comparison of the current system to a VVO enabled system 
 
For this step, an 8760-hour analysis was run on the Tiverton 33F4 feeder to model the current 
state (step 1).  Capacitor banks were modeled using existing controls (i.e., time clock).  Then, 
8760-hour analysis was re-run on the 33F4 feeder with advanced capacitor and regulator controls  
(i.e., three-phase voltage monitoring) to enable VVO and keep voltages in the lower half of 
ANSI Range A (114 V – 120 V) (step 2).  Step 2 represents the recently installed VVO systems 
evaluated with limited DG. 
 
The energy savings in megawatt-hours (MWh) from VVO are shown below in Figure 1.  Over 
the entire analysis year, enabling VVO on the Tiverton 33F4 feeder reduced total annual energy 
from 35,864 MWh to 33,996 MWh, corresponding to annual energy savings of 5.2%.12 
 

Figure 1 

 
Step 3: VVO enabled system with the addition of DG 
 
For this step, 8760-hour analysis was run on the VVO enabled 33F4 feeder with the addition of 
approximately 9.5 MW of DG (step 3).  As described above, DG sites will raise feeder voltage 
especially during high-generation, light-load periods of the year.  
 
                                                           
1 No precision should be assumed from the reported numbers.  The values are derived directly from CYME exports 
and subsequent calculations. 
2 This analysis shows over 5% savings for VVO systems.  While in certain actual cases savings approximating 5% 
can occur, typical VVO saving is approximately 3% on cases with low DG levels.  
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Total energy was once again calculated for the year and the results are shown below in Figure 2.  
Over the entire analysis year, adding DG to the VVO enabled 33F4 feeder increased total annual 
energy from 33,996 MWh to 34,279 MWh when compared to step 2.  Annual energy savings 
from step 1 have decreased to 4.4%.  While total annual energy from step 1 has still been 
reduced, it can be seen that the addition of DG has a negative impact on the benefits of VVO. 

 
Figure 2 

 
Step 4: Enabling Grid Modernization Functions (i.e., Inverter Volt-Var Controls) 
 
This last analysis step will show how grid modernization functionality can regain the benefits of 
VVO.  Volt-Var controls were enabled on PV inverters to allow inverters to operate at off-unity 
power factors when needed and control voltage.  DG sites were modeled to operate at a leading 
power factor to absorb reactive power at voltages above 0.97 per-unit (97 % of nominal voltage).  
By doing so, the voltage rise due to generation is greatly reduced.  Total annual energy was again 
calculated for the entire analysis year and the results are shown below in Figure 3.  By enabling 
VVO and utilizing grid modernization functionality mentioned above on the Tiverton 33F4 
feeder, total annual energy decreased from 34,279 MWh to 33,981 MWh when compared to step 
3.  Annual energy savings from step 1 have increased to 5.3%.  Note that the addition of DG with 
grid modernization functionality to a VVO enabled feeder has increased the effectiveness of the 
original VVO system. 
 
This step also identified the importance of adjustable and dispatchable volt-var curves.  Current 
standard DG volt-var curves, which are focused on alignment with ANSI guidelines, can further 
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reduce VVO system effectiveness by increasing lower range voltages.  DG volt-var curves 
should ultimately be customized to the needs of the specific circuit and be dispatchable through a 
DER Monitor/Manage system to maximize VVO benefits. 

 
   Figure 3 

 
Tiverton 33F4 Voltage Profiles 
 
Throughout the analysis, voltage was monitored in the model on the Tiverton 33F4 feeder for 
each analysis step.  Voltage profiles with a 120 V base at the mid-point of the 33F4 feeder will 
be shown below for each analysis step on one representative day to show how feeder voltage was 
impacted during each analysis step.  Each profile will also show the high and low ANSI voltage 
limits (126 V and 114 V respectively).  
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Step 1: Voltage (before VVO) 

 
Step 2: Voltage (VVO enabled feeder)  

 
 
 
 

Monitor Point 
Hour 
Day 
Month 

Monitor Point 
Hour 
Day 
Month 
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Step 3: Voltage (VVO enabled feeder with the addition of DG)  
 

 
Step 4: Voltage (VVO enabled feeder with the addition of DG and GMP)  
 

 

Monitor Point 
Hour 
Day 
Month 

Monitor Point 
Hour 
Day 
Month 
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Conclusions 
 
The analysis above reconfirms that enabling VVO with advanced capacitor and regulator 
controls greatly reduces voltage on the 33F4 to the lower range of ANSI Range A, increasing 
energy savings.  The analysis above also concludes that the addition of DG increases voltage on 
the 33F4, decreasing energy savings and lowering the effectiveness of VVO.  Furthermore, the 
analysis shows that the benefits of VVO can be regained by utilizing DG with grid 
modernization functionality (inverter volt-var control).  Lastly, the analysis identified the 
importance of adjustable and dispatchable DG volt-var curves customizable to specific circuits 
and specific times of the day to ultimately maximize VVO benefits.  With further refinement, 
grid modernized VVO systems can potentially exceed the benefits of the original technology. 
 
By comparing the tables and voltage plots in Analysis Results, it can be seen how the annual 
energy savings and feeder voltage are related, as lowering overall voltage to reduce energy is the 
main principal of VVO.  This analysis has also shown the importance of the grid modernization 
with the proliferation of DG on Rhode Island Energy distribution feeders.  By enabling grid 
modernization functionality, energy savings were maximized, even with a high penetration of 
DG.    
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