
 

 

Efficiency Maine Innovation Pilot Final Report Addendum 
Summary of major findings 12/28/20 

Executive Summary 

In response to an RFP issued by the Efficiency Maine Trust (RFP EM-011-2018) for Load 
Management Innovation Pilots, ReVision Energy has deployed and operated a fleet of residential 
Distributed Energy Resources (DERs) to assess the viability of aggregated control of those 
devices for demand flexibility. The DER fleet consisted of residential Air Source Heat Pumps, 
Heat Pump Water Heathers, Electric Vehicle Chargers and Batteries and were controlled to 
reduce peak load, carbon pollution and respond to other hypothetical third-party control 
interventions. Using remote electronic signals via the internet to control these customer owned 
devices during various times of day throughout the year to simulate various grid scenarios, we 
evaluated both the technical and economic potential of such a program, as well as customer’s 
willingness to participate in it. Overall customer acceptance/satisfaction was high and the 
technical and financial potential of aggregated DER as load flexibility resource was affirmed for 
all device types, with residential battery storage systems showing the greatest near term 
potential to shave peak load and reduce ratepayer costs for the both the owner of the storage 
device and all other ratepaying customers of the same utility company. A final report was 
delivered to EM on 10/12/20. This Addendum contains a summary of the major findings 
articulated in that report. 

Testing highlights and Insights 

Though the control logic and grid conditions simulated varied by month, the DER pilot overall 
yielded some common high-level takeaways: 

1- Value of flexibility varies by season and by device type with Battery Energy Storage and EV 
chargers representing the most substantial near term opportunity for DER aggregation and 
control. 

• Though batteries are the most expensive of the devices in our fleet, they also were far 
and away the largest and most flexibly controllable devices overall. With a few 
exceptions, battery availability is not dependent on customer behavior and so the 
batteries tend to always be available when called upon. Batteries can also shift a 
significant load, as much as 5 kW peak and up to 10,000 watt hours for a single event. As 
a result of their high power and high availability, a single battery system is as effective at 
load shifting as roughly 30 to 40 air source heat pumps combined. In light of the not 
insubstantial effort involved in customer acquisition and communications/controls cost 
per device, the battery energy storage system represent the highest value near term 
opportunity for distributed load flexibility. 

• EV Chargers are also a very significant load, but unlike battery systems, their availability 
in our pilot was very low. This is particularly true of residential chargers which tend to 
have a relatively low duty cycle and even lower peak coincidence. In spite of this, given 
the scale of expected EV adoption in the coming 5 years and the magnitude of the load, 
EV chargers are certainly worth controlling because they represent such a significant 
load both for an individual household and for a future fully electrified economy. A 



 

 

charger program that includes both residential and commercial/workplace charging 
would likely have a more diverse load pattern and thus higher demand flexibility value. 

2- Heat Pumps and Heat Pump water heaters were also effective at shaping load, but given the 
lower peak coincidence/availability and relatively small magnitude of shiftable load per device, 
they should be a lower priority for future program development. 

• ASHP and HPWH may also be useful distributed load shaping resources, but only if the 
cost/effort of aggregating and controlling them is small. As more of these devices are 
natively ‘smart’ (i.e. network connected), the cost of aggregation and control will 
continue to come down and they should be considered in future DER aggregation 
programs. 

• Air Source Heat Pumps are not yet very useful as summertime load management in 
Maine because not that many of them (<25%) are consistently used in cooling mode. 
The mini splits heat pumps that were operating proved to be fairly responsive to call for 
load shedding, but because the heat pumps are very efficient, the actual load shifted per 
device is small (a few hundred watt hours per responding device). 

• Water heaters have traditionally been considered as the low hanging fruit of residential 
demand response programs, but heat pump water heaters are so efficient that the 
magnitude of the shifted load is only 1/10 of a conventional electric water heater. In our 
pilot, Heat Pump water heaters proved relatively easy to control with minimal impact on 
customers. As with mini splits, HPWH’s are very efficient in heat pump mode and so the 
shifted load per device is also relatively small (few hundred watts hours per responding 
device). 

3 -Customer motivation varied but was not purely financial. While 100% of customers who 
responded to our post project survey (19 of 19) indicated that the financial rebate was part of 
their motivation to participate in the Pilot, a majority also reported that they were motivated 
by: 

“Interested to help learn how distributed energy resources can lower costs for all 
ratepayers” = 12 of 19 

“Interested to help learn how distributed energy resources can help integrate higher 
levels of renewables on the grid” = 11 of 19 

 

This is a useful takeaway to help inform marketing decisions should Efficiency Maine pursue 
similar programs in the future. 



 

 

4- Customer acceptance was good overall and opt out rates were low throughout the test 
period. The data from the VP portal and self-reported ‘opt out’ rates for the program were low 
throughout the year, with most customers never opting out of an event at all. 

 

For those customers that did opt out, the reasons provided ranged from a desire to maintain 
control over the device at that particular time, to confusion or customer error. Only a single 
respondent indicated that one time they “opted out part-way through as the home was 
becoming uncomfortable” (hot, humid day). But in general, when asked whether the control 
interventions affected them, most indicated that they either didn’t notice the events at all (14 of 
19) or that they noticed the events but were never uncomfortable (3 of 19).  

 

Overall, customers indicated a strong interest/willingness to participate in a similar program in 
the future: 

 

 

 

 

 

 



 

 

5- Communications relying on customer internet is generally viable, if imperfect. One of the 
most substantial challenges of controlling a fleet of distributed energy resources is 
maintaining consistent communication with all devices. While some DER control programs 
rely on a dedicated communication channel (typically either cellular, utility power line 
communication or utility AMI systems), most depend on the customer’s local network and 
internet connectivity. While relatively inexpensive, this comes with some challenges as 
customer internet quality varies widely, as does their technical sophistication if asked to 
troubleshoot or correct communication challenges.  

It is worth noting that Connectivity/Bandwidth to the customer’s home was almost never an 
issue; virtually all device communication challenges occurred either on the customer side 
(local area network issues), or at the manufacturer server (stability of device connections 
and consistency of API connection to Virtual Peaker). The latter of these will naturally 
improve as hardware and software matures and as programs scale. The former will continue 
to be a challenge, though a few key lessons learned for future programs include: 

 
-Though more costly up front, providing a hard wired connection to the local area 
network rather than relying on a wifi network is more reliable and consistent. Wifi 
network names change, passwords are updated, etc while hard wired connections stay 
consistent.  
 
-One substantial benefit of controlling devices via API connection to the native device 
control app server is that because the customer is presumably also using the app for 
control, they are likely to identify and be motivated to repair connectivity issues. 
 
-it is important for fleet operators to continually troubleshoot connectivity issues with 
devices, so they do not just crop up during high value/high performance risk events. 
With this small pilot, this oversight could be done manually, but in larger programs that 
oversight needs to be automated. This is particularly important for programs which 
expect to derive substantial revenue/savings from low occurrence and high value 
markets such as the Capacity market, where just a single hour or two drive financial 
performance for the entire year. 
 
-Programs that pay for performance, either based on performance during discrete 
events, or in aggregate as in this program (with part of the rebate reserved for payment 
at the end of the program), help to provide incentives for customers to keep devices 
connected. 
 
-Since connectivity and control makes up a substantial portion of overall operating costs 
for a DER aggregation provider, it makes sense to focus future programs on those 
devices that provide the largest load flexibility pre connected device, which were 
battery energy storage and EV chargers. 
 
 
 
 
 



 

 

Calculating financial benefits:  

The value of an aggregated demand flexibility resource is a function of the devices availability, 
as well as its shiftable power (in watts) and energy (in watt-hours). As detailed in the pilot final 
report, shifting load or aggregated control of distributed battery systems can deliver ratepayer 
value in up to thirteen distinct categories, with four of them accruing to the individual customer 
(Backup Power, Increased Pv Self Consumption, Demand charge reduction, Time of Use Bill 
Management) and nine of them according to utility or ISO customers generally (Energy 
Arbitrage, spin/Non-spin reserves, frequency regulation, voltage support, black start, resource 
adequacy, Transmission congestion relief, Transmission Deferral, Distribution Deferral). 

 

While recent FERC order #2222 promises to make a number of the ISO/RTO Service value 
streams accessible to aggregators in the coming years, the current value proposition for 
aggregation depends primarily on two value streams: 

1- monetizing the Capacity (resource adequacy) value of the batteries to reduce rate payer 
capacity costs by lowering overall customer demand at times of system peak 

2- monetizing the transmission peak reduction (RNS peaks) to reduce Maine’s shared 
transmission cost obligations. 

 

 

 



 

 

1- Capacity Peak Value 

Most DER pilots focus primarily on capturing the value of reduced generation capacity costs. 
This is because Capacity is traditionally the second largest portion of a customer’s energy supply 
bill and is relatively easy to target because the capacity peak has been fairly predictable in New 
England for many years. 

The clearing price of the Forward Capacity Auctions run by ISO new England has varied 
considerably over the last few years, in part because of changes in the generation fleet and in 
part because of changes made by the ISO in how they conduct those auctions. This volatility has 
made it difficult to predict the future value of the Capacity of controllable loads and even the 
AESC has had to make substantial revisions to previous estimates to reflect the changing market. 
In the 2018 report, the authors calculate that “a load reduction in the summer of 2018 is worth 
12 times the 2018/2019 clearing price, or $118/kW, spread over that period.” Looking forward 
15 years, AESC develops a levelized estimate which is $6.42/kw/mo (or $77.04/kw per year). The 
table below uses this lower, levelized cost and reflects the Capacity reduction and value by 
device type: 

 

Note that the average value of the device (column F) is impacted substantially by the fraction of 
the devices that are operating or available concurrent with the peak (column C). The estimates 
of available/operating devices in the table is based on our aggregate experience in this pilot 
project but given the significant impact on actual value these estimates warrant additional 
investigation. 

Capacity DRIPE 

When a demand side resource, such as the DER fleet, successfully targets the capacity peak and 
thus reduces the capacity demand, that reduction not only eliminates the direct demand but 
reduces the cost of all remaining capacity as well. This effect is known as Demand Reduction 
Induced Price Effect or DRIPE, which refers to the reduction in prices in the wholesale markets 
resulting from the reduction in demand in those markets due to the impact of efficiency and/or 
demand response programs. DRIPE affects both wholesale energy and capacity markets though 
for this analysis we include only Capacity DRIPE. As with capacity value, we use the 2018 AESC 
report to develop a reasonable estimate for value of Capacity DRIPE for each device type. The 
AESC calculates the value of Capacity DRIPE for both resources that are bid into the FCM and for 
unbid resources. Interestingly, the report finds that “Capacity DRIPE for un-bid resources is 
approximately two times higher than that of bid capacity DRIPE, but benefits accrue many years 
later. We find that un-bid DRIPE is worth more than bid DRIPE due to changes in capacity market 
fundamentals and different DRIPE effect timeframe.” Consistent with the analysis in that report, 



 

 

we utilize a 10 year levelized number rather than a 15 year one to reflect the short time 
duration of DRIPE impacts. 

The 10 year levelized Value of Capacity DRIPE for resources not bid into the FCM by AESC is 
$311.01 per kw/year. The table below uses this levelized cost and reflects this Capacity DRIPE 
value by device type: 

 

Note: As a function of the way in which ISO NE ratepayers share costs, ME ratepayers actually 
realize only about 8% of this total, with the balance being savings to other New England 
ratepayers in proportion to their peak capacity payment obligations. For the sake of this analysis 
we felt it was appropriate to use the region wide ratepayer savings whether they accrue inside 
or outside the state. 

2- Transmission cost savings (RNS Savings) 

In addition to reducing the required generation capacity, shaping load to reduce peaks also has 
an effect on the cost of transporting that electricity from generators to consumers. Those costs 
include both the shared regional transmission investment (Pool transmission facilities), as well 
as the local transmission and distribution costs. Per ISO new England, Pool Transmission 
Facilities (PTF) “are those facilities owned by participating transmission owners that meet the 
criteria specified in the Open Access Transmission Tariff and over which the ISO has operating 
authority. Generally, PTFs are those rated 69 kV or above required to allow energy from 
significant power sources to move freely on New England’s transmission system.” The use of 
those PTF to move electricity within the new England region is known as the Regional Network 
Service or RNS.  Though the cost of the RNS is shared by New England customers according to 
their Monthly Regional Network load value, or in other words, based on their load at the time of 
the monthly peak, the AESC report suggests that the PTF cost savings estimates should be 
“applied to the reduction in summer peak load, which appears to dominate ISO New England’s 
transmission planning.” AESC 2018 calculates an avoided cost for Pool Transmission Facilities 
(PTF) of $94/kW per year in 2018 dollars, which is the same number we use here. 

 

 
 

https://www.iso-ne.com/participate/rules-procedures/tariff/oatt


 

 

 
Summary 
 
Considering only the two major value drivers detailed above (Capacity and RNS Savings), the 
total ten-year net present value of savings by device type is shown in the table below: 
 

Device Type Capacity + RNS (NPV) 
Heat Pump Water heater $106 
Air Source heat Pump $116  
EV Charger $2,327  
Battery Storage $6,647  

 
Given the cost of customer acquisition and ongoing control/communication, it is clear that the 
energy storage and EV charger devices should be the highest near-term priority for aggregation 
and control by Efficiency Maine. While every effort should be made to access and monetize 
additional value as new rules are propagated under FERC order 2222, the ratepayers savings 
from Capacity and RNS savings alone should be sufficient for these two device types to justify an 
aggregation program as cost beneficial to rate payers.  
 
We thank you for the opportunity to collaborate on this interesting and exciting pilot project. In 
spite of some of the challenges posed late in the year by the COVID-19 pandemic and related 
disruptions, the pilot has been a success and generated data and insights that we hope will be 
useful for Efficiency Maine and other stakeholders as you evaluate the growing potential of load 
flexibility from aggregated behind the meter DERs. 
 
Thank you for your support and help during this pilot and for your leadership in Maine’s clean 
energy transition. 
 
Respectfully submitted: 
 
 
 
Fortunat Mueller PE 
 
President 
Revision Energy Inc 
758 Westbrook Street 
South Portland, Me 04106 
 
 
 
 



 

 

Efficiency Maine Innovation Pilot Final Report 10/19/2020 

Executive Summary 

In response to an RFP issued by the Efficiency Maine Trust (RFP EM-011-2018) for Load 

Management Innovation Pilots, ReVision Energy has deployed and operated a fleet of residential 

Distributed Energy Resources (DERs) to assess the viability of aggregated control of those 

devices for demand flexibility. The DER fleet consisted of residential Air Source Heat Pumps, 

Heat Pump Water Heathers, Electric Vehicle Chargers and Batteries and were controlled to 

reduce peak load, carbon pollution and respond to other hypothetical third-party control 

interventions. Using remote electronic signals via the internet to control these customer owned 

devices during various times of day throughout the year to simulate various grid scenarios, we 

evaluated both the technical and economic potential of such a program, as well as customer’s 

willingness to participate in it. Overall customer acceptance/satisfaction was high and the 

technical and financial potential of aggregated DER as load flexibility resource was affirmed for 

all device types, with residential battery storage systems showing the greatest near term 

potential to shave peak load and reduce ratepayer costs for the both the owner of the storage 

device and all other ratepaying customers of the same utility company. 

Background: the case for load flexibility 
 
Like many efficiency program managers around the country, Efficiency Maine has recognized 

the need to expand their focus from helping customers to use less energy to also include the 

efficient use of electrical infrastructure by helping customers reduce their energy usage at peak 

times. This evolution is driven, in part, by the fact that while the last two decades have included 

a period of historically inexpensive wholesale electric costs, retail electric costs have not fallen 

commensurately. Among the reasons for this is that while overall annual energy consumption 

has fallen considerably in the last 15 years (a testament to the effectiveness of efficiency 

programs), peak loads have stayed relatively flat, or even continued to grow albeit at a slower 

rate than the previous decade. 

 



 

 

 

The reduction in overall consumption, combined with the transition to lower cost natural gas 
and renewable energy, has also had the effect of reducing wholesale energy prices in New 
England to historic lows. But customer utility bills are made up of more than just energy prices. 
In fact, for Maine electricity customers, while the cost of Energy supply (in green) has fallen by 
more than 20% in the last decade, the total price for electricity (per kwhr) has actually crept up 
since a low of 14.2 cents/kwhr in 2015. 
 

 

 

As you can see from the chart above, the fastest growing portions of the retail electricity costs 

are charges related to Transmission and Distribution and those costs now account for more than 

half of the typical customer’s electric bill. Though billed to most residential and small 

commercial customers on a per kwhr basis and to larger commercial customers based on their 

non-coincident peak loads, much of this increasing cost is not actually driven by either the 

overall energy consumption or the customer peak, but rather by system coincident peak loads. 

Because customers expect reliable electric service in all hours of the year, the whole energy 

system (both generation and transmission and distribution) are sized to meet those coincident 

peaks. The chart below, from MA DPU’s recent ‘State of Charge’ report illustrates the outsized 

cost of building the system to meet these very infrequent peaks.  



 

 

 

In that report, the authors calculate that when considering both Generation (supply) and 

Delivery (Transmission and Distribution), 1% of the hours of the year account for 8% of the 

overall system costs for MA ratepayers. And just 10% of the hours in the year account for 40% of 

the overall system costs. Though the details may vary slightly in Maine, there is no reason to 

believe the underlying dynamic is any different. 

Electrical peaks are expensive for today’s customers, and there is reason to believe they will be 

even more important in the future. The electric grid is at the beginning of its most significant 

transition since widespread electrification in the early 20th century.  Widespread, if belated, 

recognition of the devastating consequences of burning fossil fuels on our natural environment 

have led policy makers from around the world and around the country to commit to 100% 

renewable energy targets. In some cases those targets seek just to produce 100% of current 

electricity use from renewable or non-polluting sources, but in recent years most policy makers 

have understood those targets to be insufficient and so increasingly Cities, Towns, States and 

Countries are committing to provide 100% of ALL energy from renewable sources, including end 

use energy that is currently provided directly by fossil fuels. There is a growing consensus that 

the most cost-effective and technologically practical way to achieve economy-wide carbon 

reduction targets is through a process known as Beneficial Electrification: replacing direct fossil 

fuel use with electricity and then making that electricity from renewable sources. 

A recent study by Dr. Richard Silkman suggests that Maine could employ Beneficial 

Electrification to transition to a zero carbon economy by 2050, and do so at a cost that is lower 

than the status quo. Dr. Silkman’s findings support similar findings by Prof Mark Jacobson at 

Stanford university whose team has conducted an individual analysis for every state in the US 

and found that in transitioning to 100% renewable energy by 2050, Maine could save an average 

of $143 per person per year on energy alone (or $8,912 per person per year when health and 

climate costs are also included): 

  



 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Though the economic and environmental benefits of this clean energy transition are compelling 

and clear, it will impose substantial challenges for the current electric grid. Dr Silkman estimates 

that while a fully electrified economy will increase total loads by a factor of 3x (12,048 GWh to 

40,280 GWh), it will also increase the maximum peak demand by a factor of 5 (1,961 MW to 

9,892 MW). That suggests that the importance of managing peak loads will only increase over 

the coming three decades.  

 

 

Continued on next page 



 

 

 

Dr. Silkman’s analysis also shows that those future peaks will likely occur at different times from 

our current peaks mostly due to the electrification of space heating. In the chart below, the 

current Maine RNS load is shown in Blue and peaks in Summer. But the expected, fully 

electrified load instead peaks in winter, driven largely by the heavily seasonal ‘total heating’ line, 

shown in orange. This indicates that the future will not only require an even sharper focus on 

peak load reduction, but also the flexibility to respond to the changing nature and timing of 

those peaks through the transition. Sophisticated controls and IOT tech are the solution. 

 

Demand dexterity vs Demand response 

Historically, grid operators have managed peak demand in one of two ways. They either build 

additional generation capacity along with T&D infrastructure to meet the peaks, or they design 

programs and incentives to call on very large industrial electricity consumers to curtail their 

consumption at the time of those peaks. The demand side programs are typically known as 

‘Demand Response’ or DR programs. The confluence of widespread broadband internet and the 

proliferation of ‘smart devices’ provide an opportunity for a third way. Instead of picking up the 



 

 

telephone and calling a handful of large industrial power consumers and asking them to reduce 

consumption, grid operators now have the option to send an automatic signal to millions of 

distributed devices to accomplish the same goal, ideally in a more flexible and lower cost way. 

To differentiate it from traditional DR, we call this ‘load shaping/flexibility’ or ‘demand 

dexterity’. 

The grid of the 21st century will be digital, distributed and decarbonized, which creates new 

possibilities for demand side control. In addition to large Demand Response programs, grid 

operators can now call on load flexibility programs to shape electricity demand and lower costs. 

The illustration below shows how the flexible loads in a single home can be controlled to 

maximize solar self-consumption, and how a residential scale battery can add additional 

flexibility to provide a buffer for those loads that are not fully controllable.  
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In this pilot, rather than optimize for a single home, we attempt to optimize for the grid. The 

future of the utility grid is distributed, bi-directional and transactive. Maine needs to create the 

blueprints for its grid modernization strategy and this Aggregated Distributed Energy Resources 

(DER) Pilot is intended as a demonstration project to begin accumulating data and experience to 

that end. 

Proposal: 

In the pilot project, Revision Energy Inc. (ReVision) and Virtual Peaker (VP) proposed to explore 

and demonstrate the value of demand dexterity by operating a fleet of at least 50 and up to 100 

dispatchable Smart DERs for a one-year pilot. The DER fleet was primarily targeted to residential 

and small commercial customers and included four different kind of clean technology devices: 

air source heat pumps (mini splits), heat pump water heaters, electric vehicle chargers and 

residential battery storage systems.  



 

 

In exchange for a rebate offered by ReVision Energy and funded by the EM pilot project, the 

customers agreed to allow ReVision and Virtual Peaker to take remote control of the devices up 

to a few times each month for the period of a year to try to shift loads and shape demand. The 

customer agreed to maintain internet connectivity for the devices with a minimum 95% uptime 

and 2 Mbps or faster speed for the year and to provide ReVision the necessary physical and 

digital access to control the device remotely. The types and frequency of load interventions 

were specified in a contract addendum (‘Load Management Innovation Pilot Project Addendum) 

between ReVision and the customer: 

o Heat Pump Water Heater: force the water heater on or hold the water heater off for no 

more than 6 hours in any given day and no more than 40 hours per week through the 

term of the Pilot. Contractor will make every effort to minimize the impact on availability 

of hot water for the customer. 

o Air Source Heat Pump: change the heating or cooling set-point by up to 4 degrees 

Fahrenheit for no more than 6 hours in any given day and no more than 40 hours per 

week, through the test period.  

o Energy Storage System: Charge or discharge the battery up to 4 times per week, not to 

exceed 10 times per month and never below 50% charge status. 

o Smart EV Chargers: Control or throttle EV charging rate for up to 4 hours per day, not to 

exceed 40 hours per week through the test period. 

In addition, the contract addendum specified that each customer should be notified in advance 

of any control intervention and have the opportunity to ‘opt out’ of the event, however the 

contract also limited the frequency of ‘opt outs’ to ensure that customers benefitting from the 

rebate actually participated in the pilot as expected. 

Each device was installed at a customer’s home and set up as usual for the customer’s local 

and/or remote control. Then, in addition, the devices were interconnected with Virtual Peaker’s 

central operations and control platform. Virtual Peaker does this by connecting its platform to 

the individual device’s native control platform via a third-party API web integration. This means 

that the individual devices still only have a single connection inside the home, but that data is 

shared between the manufacturer’s native app and server and Virtual Peaker behind the scenes. 

Once all the devices were installed and connected, ReVision executed a series of load shaping 

interventions between July 2019 and June 2020. The testing program targeted different 

objectives in each month to simulate a variety of possible future use cases for third party 

remote control of distributed energy resources including : responding to time of use pricing, real 

time pricing, discrete dispatch events from an NTA Coordinator, (simulated) wholesale regional 

markets, and an environmental dispatch. 

ReVision has provided Efficiency Maine with monthly reports over the course of the 12 month 

testing period detailing the testing protocols and findings of each individual test. This final 

report summarizes the high-level findings and takeaways from that testing and the pilot project. 

It will reflect on lessons learned from the experience and attempt to quantify the benefits that 

may accrue to both the participants (customer energy savings and cost reductions) and to 



 

 

ratepayers as a whole (including an evaluation of the potential for Aggregated DER fleets to 

contribute to energy and capacity price reductions, non-transmission alternatives to grid 

reliability needs, and reduced long-term grid infrastructure investments). 

Objectives: 

The goal of the pilot project was to demonstrate the ability of DERs to participate in and 

respond to time of use pricing, real time pricing, discrete dispatch events from an NTA 

Coordinator, and (simulated) wholesale regional markets. In addition to demonstrating the 

value of this load flexibility for both participating and non-participating ratepayers, the pilot 

sought specifically to understand customers’ willingness to participate and to generate practical 

hands-on experience for Efficiency Maine to inform possible future program design. 

Key questions and objectives of the pilot are listed below:  

• Will customers allow third party control of BTM devices in exchange for modest 

up-front incentive? 

• Test effectiveness of and build experience with a communications and control 

platform. Understand the pros and cons of relying on customer internet for 

connectivity. 

• Quantify how effective different device types are in load shifting for various 

applications. 

• Understand customer satisfaction/tolerance with third party control. 

• Generate local Contractor experience with hardware and devices. 

These questions and objectives are answered below. 

The Platform: 

As interest in control of distributed energy resources increases, there are a number of 

companies providing third party remote control of these devices. In sufficient numbers, these 

devices can be aggregated and function as a ‘virtual power plant’ providing many or all of the 

services that are historically provided by a conventional utility generator. 

To date, much of the aggregation of individual devices has been done either by an individual 

product manufacturer or developer. For example, Tesla, a supplier of residential and utility scale 

batteries, has developed a software platform they call ‘Opticaster’ which they use to interface 

with utility programs around the country and control batteries which they own, as well as some 

on behalf of third party owners for a variety of grid management objectives. Sunrun, a national 

solar developer but not a manufacturer, also operates a similar platform which they use to 

control a battery fleet including batteries manufactured by a number of different vendors and 

installed by their channel partners. Chargepoint and Enel-X are doing something similar with 

their fleets of EV chargers, which in most cases they manage but don’t install or own. 

In addition to device manufacturers, as more utilities and other grid operators recognize the 

importance and the value of this control in evaluating long term investments, a new stable of 



 

 

software platforms is beginning to emerge. These platforms, known as Distributed Energy 

Resource Management Systems (DERMS) are enterprise scale software that can help utilities or 

grid operators manage DER programs from end to end, including modeling, planning, and 

interconnection, as well as operations, billing and maintenance. Examples of enterprise scale 

DERMs are software from AutoGrid and Siemens, among others:  

 

Source: Green tech media 

For this limited scale pilot, we did not require an enterprise level DERM software tool, but rather 

just a platform that allows for efficient third party control of a variety of different devices. The 

partner we selected for this effort is a company headquartered in Louisville, KY called ‘Virtual 

Peaker.’  Virtual Peaker is a software-as-a-service (SaaS) platform designed to connect 

residential smart devices for utility or third-party control. The platform integrates with 

thermostats, water heaters, EV chargers, residential battery systems, mini-split heat pumps and 

room air conditioners to shift load, save energy and help utilities better understand their 

customers. Connectivity is established using the Internet of Things (IoT), supported by native 

WiFi connections of existing consumer-grade hardware. This means that web-enabled 

customers do not need additional devices in the home to interact with the utility. This also 

makes the platform infinitely scalable with a limitless number of devices and device types.  

Virtual Peaker bills themselves as a sort of ‘univeral translator’ which can take a control signal 

and translate it (via API connection) to smart devices of a variety of different types and from a 

variety of different manufacturers. This ability to manage mutiple device types and 

manufacturers in a single platform and without requiring dedicated IT investment was 

important for our small pilot, as it is to many of their utility customers who tend to be vertically 

integrated utilities in regulated markets, or smaller municipal utilities who provide both default 

energy supply and T and D to their customers. Examples of VP’s current clients include: Green 

Mountain Power (VT), Vermont Electric Coop, Belmont light (MA), Glasgow Electric Plant board 

(KY), Sacramento utility district (CA) and the Washington Electric Coop (WA). 

The VP approach relies on the native wifi or internet connectivity of smart home devices. Once a 

DER device is installed by ReVision’s team of electrician, plumbers and HVAC technicians, that 

device is connected to the internet via its native app. For example, as part of our normal 

commissioning of a Ruud smart heat pump water heater, we connected the water heater to the 

customer’s local area network (typically via wifi, but sometimes also hard wired), and then set 

the customer up with the Ruud homeowner ‘app’ to control the water heater and/or receive 

alerts. For the customers participating in the pilot, there was one additional step which was to 

ask them to activate their account in the Virtual Peaker platform and to approve the connection 

between the platform and the device’s native server. So in the example of the water heater, VP 

does not communicate with the water heater itself, but with the Ruud server, which is in turn 

communicating with the water heater. Once that connection has been established and the third 

party control permission granted, the Virtual Peaker platform can send control signals to the 



 

 

server (and on to the device), just the same as the homeowner can do with their device specific 

app. 

This architecture requires that Virtual Peaker develop a customized ‘integration’ with the server 

of any device type we want to control. VP had a series of existing integrations which we took 

advantage of, but we also had them create a new one with Pika (now generac).   

Once the devices were all loaded into the platform, VP provided ReVision with a single access 

point to monitor and control all the devices. The platform allows us to program specific 

interventions or ‘events’ either for individual devices, for ‘platoons’ of devices or for the entire 

fleet. When such an event is programmed, the platform sends a notification to the end 

customers and allows them to opt out. It then sends the control signal to the devices and 

collects data in (near) real time for analyzing the effect of the ‘event’. The Virtual Peaker 

platform includes a number of features and functionality which were not used in this pilot, but 

which can enhance control and data analytics. Below is a screen shot of the VP dashboard: 

 

 

Installation and connection experience 

Installation of the devices was generally straightforward and seamless. ReVision has nearly two 

decades of experience installing thousands of clean energy projects for residential customers 

and these pilot projects were generally unexceptional in that regard. As described above, the 

only additional steps required for pilot project participants was to walk the customer through 

the process of connecting their new device to the Virtual Peaker platform. ReVision’s installation 



 

 

project manager typically helped customers through this step at the completion of an 

installation, though the process is really designed to be ‘self-service’ and could certainly be 

accomplished by the individual customer on their own 90% of the time: 

-ReVision creates an account (‘Home’) in the VP platform for the customer. 

-The customer receives an e-mail from Virtual Peaker asking them to log into their 

account. 

-They then select ‘add a device’ and when queried for the device type they select from a 

list 

-Then the customer is asked to enter the user name and password that they used with 

the device’s native interface (for example on the Rudd water heater app). 

-With this information, VP automatically connects that customer’s VP ‘Home’ with the 

device information associated with that log in information. 

In general, this process worked smoothly for most customers. A small fraction of the overall 

projects were installed in new homes or newly renovated homes where either the 

customer/homeowner is not yet present or internet connectivity/wifi doesn’t exist yet. Those 

projects required either a return trip to commission the VP interface, or some additional remote 

help and troubleshooting from the ReVision team once the customer fully moved in.  

 

Testing highlights and Insights 

Once the DER fleet (total of 44 devices) was fully installed and commissioned, we spent the 

months of July 2019 through June 2020 simulating a variety of load conditions that would justify 

calling a ‘load shaping event’ for the fleet. Those use cases included reducing consumption at 

the time of the annual generation peak (Capacity peak which sets iCap tag) in July, Aug and June. 

In the fall and winter months, we simulated a handful of different TOU rate schedules to reflect 

the differences in cost of generation at different times of day and attempted to also respond to 

monthly peaks (RNS peaks) which are used to allocate shared regional Transmission costs to 

different ratepayers and states. Finally, in the month of May 2020, we employed an 

‘environmental dispatch’ strategy, optimizing the distributed load not for lowest cost, but for 

lowest carbon impact. Another use case which was not specifically simulated but can be 

extrapolated from any one of the monthly tests is the use of distributed resources as a ‘non-

wires alternative’ or NWA. NWA’s, sometimes also called Non Transmission Alternatives (NTAs), 

are any resource or combination of resources that can replace or delay the need for 

additional transmission or other conventional utility infrastructure investment. NWA’s are 

typically identified using typical utility planning scenarios, and while in some cases they require 

very long term (full day or multi-day) time periods, there are also many cases where a relatively 

short duration (3-4 hour) load shaping is meaningful and in those cases a fleet of DER’s such as 

the one in this pilot project may be very compelling. 

While individual device and fleet performance varied by month and by the particulars of the 

load intervention that we chose to match with a particular use case, some significant results 



 

 

were fairly consistent across the test year. Individually monthly test protocols and results are 

included in the monthly reports, but there are also some common high-level takeaways from 

the program overall, as follows:  

        1- Value of flexibility varies by season and by device type 

• Air Source Heat Pumps are not yet very useful as summertime load 

management in Maine because not that many of them (<25%) are consistently 

used in cooling mode. The mini splits heat pumps that were operating proved to 

be fairly responsive to call for load shedding, but because the heat pumps are 

very efficient, the actual load shifted per device is small (a few hundred watt 

hours per responding device). 

• Heat Pump water heaters are relatively easy to control with minimal impact on 

customers. As with mini splits, HPWH’s are very efficient in heat pump mode 

and so the shifted load per device is also relatively small (few hundred watts 

hours per responding device). Care is necessary when coming out of a setback 

condition to avoid accidentally using the resistive backup heater rather than the 

heat pump to recover the tank. 

• Batteries are the most expensive of the devices in our fleet but also far and 

away the largest and most flexibly controllable devices overall. With a few 

exceptions, battery availability is not dependent on customer behavior and so 

the batteries tend to always be available when called upon. Batteries can also 

shift a significant load, as much as 5 kW peak and up to 10,000 watt hours. As a 

result of their high power and high availability, a single battery system is as 

effective at load shifting as roughly 30 to 40 air source heat pumps combined.  

• EV Chargers are also a very significant load, but unlike battery systems, their 

availability was very low. This is particularly true of residential chargers which 

tend to have a relatively low duty cycle and even lower peak coincidence. EV 

chargers are certainly worth controlling because they represent such a 

significant load both for an individual household and for a future fully electrified 

economy. A charger program that includes both residential and 

commercial/workplace charging would likely have a more diverse load pattern 

and thus higher demand flexibility value. 

  



 

 

2 -Customer motivation varied but was not purely financial. While 100% of customers who 

responded to our post project survey (19 of 19) indicated that the financial rebate was part of 

their motivation to participate in the Pilot, a majority also reported that they were motivated 

by: 

“Interested to help learn how distributed energy resources can lower costs for all 

ratepayers” = 12 of 19 

“Interested to help learn how distributed energy resources can help integrate higher 

levels of renewables on the grid” = 11 of 19 

 

This is a useful takeaway to help inform marketing decisions should Efficiency Maine pursue 

similar programs in the future. 

3- Customer acceptance was good overall and opt out rates were low throughout the test 

period. The data from the VP portal and self-reported ‘opt out’ rates for the program were low 

throughout the year, with most customers never opting out of an event at all. 

 

For those customers that did opt out, the reasons provided ranged from a desire to maintain 

control over the device at that particular time, to confusion or customer error. Only a single 

respondent indicated that one time they “opted out part-way through as the home was 

becoming uncomfortable” (hot, humid day). But in general, when asked whether the control 

interventions affected them, most indicated that they either didn’t notice the events at all (14 of 

19) or that they noticed the events but were never uncomfortable (3 of 19).  



 

 

 

Only two respondents noticed an impact on comfort at all through the year, including the one 

who opted out midway through an event because of room temperature and one other who 

misunderstood the battery programming and was concerned that we’d leave them with a fully 

drained system at the end of an event.  

Overall, customers indicated a strong interest/willingness to participate in a similar program in 

the future: 

 

4- Communications relying on customer internet is generally viable, if imperfect. One of 

the most substantial challenges of controlling a fleet of distributed energy resources is 

maintaining consistent communication with all devices. While some DER control 

programs rely on a dedicated communication channel (typically either cellular, utility 

power line communication or utility AMI systems), most depend on the customer’s local 

network and internet connectivity. While relatively inexpensive, this comes with some 

challenges as customer internet quality varies widely, as does their technical 

sophistication if asked to troubleshoot or correct communication challenges.  

It is worth noting that Connectivity/Bandwidth to the customer’s home was almost 
never an issue; virtually all device communication challenges occurred either on the 
customer side (local area network issues), or at the manufacturer server (stability of 
device connections and consistency of API connection to Virtual Peaker). The latter of 
these will naturally improve as hardware and software matures and as programs scale. 
The former will continue to be a challenge, though a few key lessons learned for future 
programs include: 
 
-Though more costly up front, providing a hard wired connection to the local area 
network rather than relying on a wifi network is more reliable and consistent. Wifi 
network names change, passwords are updated, etc while hard wired connections stay 
consistent.  



 

 

 
-One substantial benefit of controlling devices via API connection to the native device 
control app server is that because the customer is presumably also using the app for 
control, they are likely to identify and be motivated to repair connectivity issues. 
 
-it is important for fleet operators to continually troubleshoot connectivity issues with 
devices, so they do not just crop up during high value/high performance risk events. 
With this small pilot, this oversight could be done manually, but in larger programs that 
oversight needs to be automated. This is particularly important for programs which 
expect to derive substantial revenue/savings from low occurrence and high value 
markets such as the Capacity market, where just a single hour or two drive financial 
performance for the entire year. 
 
-Programs that pay for performance, either based on performance during discrete 
events, or in aggregate as in this program (with part of the rebate reserved for payment 
at the end of the program), help to provide incentives for customers to keep devices 
connected. 

 
 

Calculating financial benefits:  

While there is widespread agreement that load flexibility brings value to the grid, one of the 

more challenging aspects of creating sound policy and programs for the aggregation and control 

of distributed energy resources is to arrive at an accurate measure of value for each of the 

multiple value streams that distributed resources can provide, both to the individual customer 

and to the grid as a whole. This analysis is critical for developing programs where ratepayer or 

other public dollars are invested to incentivize the installation of DERs, as well as their 

aggregated control. Efficiency Maine has ample experience and expertise in performing 

cost/benefit analyses for the types of devices employed in this pilot generally, so our analysis 

focuses on any additional value that may be created by the control of those devices, rather than 

the devices themselves. For example, replacing an electric water heater with a heat pump water 

heater reduces both device total and peak loads. Adding smart control to that heat pump water 

heater won’t further reduce device loads but may reduce or eliminate that device’s contribution 

to peak grid load or costs in other ways. 

Because the cost to deploy and the to control a fleet of these devices is not trivial, in many cases 

a single use case or ratepayer value proposition is insufficient on its own to justify the public 

investment required. However, when multiple value stream or use cases are combined the 

outcome is sometimes different. This concept is often referred to as ‘value stacking’ and is a 

critical part of understanding the cost-benefit of these programs. 



 

 

 

For example, a solar + storage system may be able to create value/benefit for ratepayers by 

reducing house load to zero (or even negative) at the time of the annual capacity generation 

peak. Reducing consumption at that peak time, reduces the Icap tag obligation of Maine 

residential ratepayers as a whole and thus saves all ratepayers money in the near term, and 

reduces the need to build new power plants and thus lowers ratepayer costs as a whole over the 

long term. But as previously explored, that use case really only requires the battery to be 

available for a few hours in late afternoon on a handful of days in July and August. There may be 

an opportunity in the remaining 8700+ hours of the year for the battery to provide additional 

ratepayer benefit, which can help improve its overall cost effectiveness. For example, the 

battery can also target monthly RNS peaks, which reduce Maine’s share of regionally shared 

Transmission network costs. The battery may also charge/discharge daily based on the spot 

market price of electricity, thus helping to reduce demand in expensive hours and increase 

demand in cheap hours and thus reduce the overall costs of energy supply for all customers. If 

deployed in a more geographically targeted way, the battery may also help to defer or eliminate 

transmission or distribution investment and thus reduce costs for ratepayers that way. By 

combining those discrete values provided by control of a single device, a program which may 

not be cost effective based on a single value steam, may actually make sense. 

Finally, it is important to remember that one of the most powerful benefits of siting these DER’s 

behind a customer meter is that all of those stacked ratepayer values are themselves stacked on 

TOP of whatever value the device provides to the customer; in the case of a battery storage 

system primarily resiliency and possibly customer demand charge or TOU management. In their 

2015 report on the Economics of Battery Energy Storage, the Rocky Mountain institute 

identified 13 distinct services or value streams that a customer sited battery can provide. Four of 



 

 

those thirteen accrue to the benefit of the individual customer (shown in orange below), but the 

balance accrue to ratepayers generally (shown in green and blue in the illustration below): 

 

When installed behind a customer meter, in most cases, the ‘customer services’ provide enough 

value to the customer that they are willing to invest their own private capital to pay for the vast 

majority of the investment. In those cases, it is far easier for the remaining nine ‘ratepayer’ 

services/values to be cost effective with respect to whatever public ratepayer investment may 

be required. This combination of private (customer) value and public (ratepayer or 

environmental) value also illustrates why some of the historically favored utility cost 

effectiveness tests, such as the Total Resource Cost test, are not a good way to evaluate 

customer sited and customer owned DER programs. Those tests have generally been 

constructed to evaluate monopoly utility investment in which the total investment costs are 

borne by ratepayers generally, and therefore the whole cost of investment must be offset by 

ratepayer benefits. For customer owned, behind the meter investments, the math is somewhat 

different and other tests such as the Ratepayer Impact Measure or Societal Cost test may be 

more appropriate. 

Though the above examples are focused on energy storage, almost all of the same value 

stacking opportunities exists with any controlled, behind the meter DER including water heaters, 

heat pumps/smart thermostats, and electric vehicle chargers (the exception being perhaps 

some of the ISO/RTO services such as Voltage support or Frequency regulation, which batteries 

can do, but water heaters or EV chargers generally can’t). 

One challenge in analyzing these values is that retail markets do not exist for many or most of 

the nine services identified above. In many cases we therefore must approximate the ratepayer 

value from the equivalent centralized wholesale market and then attempt to make adjustments 

to reflect any additional value that is a function of the distributed nature of the DER solution. 



 

 

This is similar to the process used in many of the ‘value of distributed solar’ studies undertaken 

around the country in recent years, including here in Maine in 2015, as well as in the annual 

Avoided Energy Supply Components (AESC) in New England report, published annually by 

Synapse Energy Economics. The Synapse study is rigorous and widely used by efficiency program 

administrators and so rather than attempt to recreate the analysis of value for individual 

components, we have attempted to use the values from the 2018 AESC where possible. 

Capacity Peak Value 

Most DER pilots focus primarily on capturing the value of reduced generation capacity costs. 

This is because Capacity is traditionally the second largest portion of a customer’s energy supply 

bill and is relatively easy to target because the capacity peak has been fairly predictable in New 

England for many years. 

The clearing price of the Forward Capacity Auctions run by ISO new England has varied 

considerably over the last few years, in part because of changes in the generation fleet and in 

part because of changes made by the ISO in how they conduct those auctions. This volatility has 

made it difficult to predict the future value of the Capacity of controllable loads and even the 

AESC has had to make substantial revisions to previous estimates to reflect the changing market. 

In the 2018 report, the authors calculate that “a load reduction in the summer of 2018 is worth 

12 times the 2018/2019 clearing price, or $118/kW, spread over that period.” Looking forward 

15 years, AESC develops a levelized estimate which is $6.42/kw/mo (or $77.04/kw per year). The 

table below uses this lower, levelized cost and reflects the Capacity reduction and value by 

device type: 

 

Note that the average value of the device (column F) is impacted substantially by the fraction of 

the devices that are operating or available concurrent with the peak (column C). The estimates 

of available/operating devices in the table is based on our aggregate experience in this pilot 

project but given the significant impact on actual value these estimates warrant additional 

investigation. 

Capacity DRIPE 

When a demand side resource, such as the DER fleet, successfully targets the capacity peak and 

thus reduces the capacity demand, that reduction not only eliminates the direct demand but 

reduces the cost of all remaining capacity as well. This effect is known as Demand Reduction 

Induced Price Effect or DRIPE, which refers to the reduction in prices in the wholesale markets 

resulting from the reduction in demand in those markets due to the impact of efficiency and/or 

demand response programs. DRIPE affects both wholesale energy and capacity markets though 

for this analysis we include only Capacity DRIPE. As with capacity value, we use the 2018 AESC 



 

 

report to develop a reasonable estimate for value of Capacity DRIPE for each device type. The 

AESC calculates the value of Capacity DRIPE for both resources that are bid into the FCM and for 

unbid resources. Interestingly, the report finds that “Capacity DRIPE for un-bid resources is 

approximately two times higher than that of bid capacity DRIPE, but benefits accrue many years 

later. We find that un-bid DRIPE is worth more than bid DRIPE due to changes in capacity market 

fundamentals and different DRIPE effect timeframe.” Consistent with the analysis in that report, 

we utilize a 10 year levelized number rather than a 15 year one to reflect the short time 

duration of DRIPE impacts. 

The 10 year levelized Value of Capacity DRIPE for resources not bid into the FCM by AESC is 

$311.01 per kw/year. The table below uses this levelized cost and reflects this Capacity DRIPE 

value by device type: 

 

Note: As a function of the way in which ISO NE ratepayers share costs, ME ratepayers actually 

realize only about 8% of this total, with the balance being savings to other New England 

ratepayers in proportion to their peak capacity payment obligations. For the sake of this analysis 

we felt it was appropriate to use the region wide ratepayer savings whether they accrue inside 

or outside the state. 

Transmission cost savings (RNS Savings) 

In addition to reducing the required generation capacity, shaping load to reduce peaks also has 

an effect on the cost of transporting that electricity from generators to consumers. Those costs 

include both the shared regional transmission investment (Pool transmission facilities), as well 

as the local transmission and distribution costs. Per ISO new England, Pool Transmission 

Facilities (PTF) “are those facilities owned by participating transmission owners that meet the 

criteria specified in the Open Access Transmission Tariff and over which the ISO has operating 

authority. Generally, PTFs are those rated 69 kV or above required to allow energy from 

significant power sources to move freely on New England’s transmission system.” The use of 

those PTF to move electricity within the new England region is known as the Regional Network 

Service or RNS.  Though the cost of the RNS is shared by New England customers according to 

their Monthly Regional Network load value, or in other words, based on their load at the time of 

the monthly peak, the AESC report suggests that the PTF cost savings estimates should be 

“applied to the reduction in summer peak load, which appears to dominate ISO New England’s 

transmission planning.” AESC 2018 calculates an avoided cost for Pool Transmission Facilities 



 

 

(PTF) of $94/kW per year in 2018 dollars, which is the same number we use here. 

 

Wholesale energy cost savings/ Energy arbitrage 

In addition to lowering the absolute peaks which drive Capacity, DRIPE and Transmission 

savings, the fleet of DER’s also proved its ability to shift loads across other hours of the day. 

Because wholesale energy costs vary substantially across the day, this load shaping presents an 

opportunity for additional ratepayer savings. If the participating customer/DER owner is 

enrolled in a time differentiated energy supply agreement, such as real time pricing or TOU, 

some of this ratepayer benefit may accrue directly to the customer themselves. But if the 

customer is not enrolled in a time differentiated rate (as most residential customers aren’t) the 

benefits still exist, they just accrue to the electricity provider who now serves a customer whose 

load is cheaper to meet than an unmanaged load. If the customer is on default service and 

assuming the market to provide default energy supply is an efficient and competitive one, that 

should result in a reduced cost for all default service ratepayers over time. 

The value of the savings from each device is a function of the energy shifted and the differential 

in cost of that energy between the original load timing and the controlled load timing. Using 

historical wholesale price data, it is theoretically possible to calculate the maximum value of that 

load shift assuming a control algorithm with perfect predictive analytics or perfect 20/20 

hindsight. Such an analysis provides an upper bound for the value of energy shifting. Another 

alternative for calculating the value of energy shifting is to use the average seasonal difference 

between on peak and off peak electricity prices. Because averaging tends to smooth both the 

price peaks and valleys, this latter approach likely underestimates the potential value of load 

shifting and therefore provides a lower bound on that expected value. To be conservative in our 

analysis and for simplicity’s sake, we use the latter method here. 

For calculating the cost difference for on peak and off peak energy supply, we again rely on the 

2018 AESC report, which details the seasonal on and off peak avoided retail energy costs by 

State (levelized over 15 years): 



 

 

 

The winter price difference is $.004/kwhr. The summer price difference is $.006/kwhr. 

Combining our pilot testing data with some assumptions about unit availability throughout the 

year, we arrive at the following table of annual retail energy cost savings: 

 

Non Wire Alternative Value 

As previously described, Non-Wire (or Non Transmission) Alternatives are situations where grid 

edge devices can be developed and installed to eliminate a transmission or distribution planning 

reliability violation and can do so at a lower cost to ratepayers than a traditional poles and wires 

solution. When a particular local upgrade need is identified on a circuit, the value of a kW or 

kWhr of behind the meter, aggregated controlled DER in a particular location may be many 

times higher than the average value of Transmission avoidance per kW identified by the AESC 

report. 

In contrast to system peaks that drive Capacity and bulk Transmission costs, the particular 

reliability violations that may trigger an NWA vary substantially in terms of their duration and 

their timing. In a recent report for the NH PUC studying the potential for DG renewable energy 

to defer distribution upgrades, Guidehouse energy consultants reported that while “most 

locations have capacity deficiencies during late afternoon or early evening hours, the number of 

hours of capacity deficiency varies significantly by location, with some locations with fewer than 

15 hours of deficiency per year, while other locations are capacity deficient for several thousand 

hours per year.” 

This heterogeneity in the need makes it difficult to estimate the value of DG or DER in this 

application in a generic way. In some cases, capacity deficiency is driven by peak load and so is 

relatively similar in duration and timing as the Generation Capacity peaks. In other cases, 

deficiencies are long duration violations for which a load shaping resource like the DER fleet is 

nearly useless.  



 

 

While calculating the potential value of the DER fleet for individual NWA applications is 

obviously well beyond the scope of this pilot, we include some representative sample numbers 

here both from Efficiency Maine’s Boothbay smart grid pilot and from the Guidhouse study in 

NH, because they illustrate how a possible extended pilot could target specific geographies for 

deployment or with additional incentive in order to capture this additional ratepayer value. 

Boothbay eliminated a 2MW violation, which would have cost $18M. Simple math says that 

value is $450 per kw-year (20 year). No discount rate, but also no O and M or other utility costs 

included: “The economic value of capacity investment avoidance varies significantly among the 

16 locations based on a theoretical analysis of capacity avoidance using the RECC 

approach. The maximum hourly economic value of capacity investment avoidance 

ranges from under $1 per kilowatt (kW) per hour to over $4,000 per kW per hour. 

The greatest driver for that variance is the total number of hours over which capacity 

deficiencies occur at a specific location. The lower value is generally indicative of a 

capacity deficiency that occurs over a large number of hours, while the higher value 

is generally indicative of a capacity deficiency that occurs during fewer hours.” Dividing the 

Maximum $/kw/hr by total hours of deficiency, you see values of between 0 and $2,200 per kW-

year. 

 

Though it is not possible to estimate a generic value by device for an NTA application given the 

huge spread of total savings and of application types, the magnitude of some of the possible 

values (on the order of $200-500/kw-yr) is pretty significant so that especially when stacked 

with other possible value streams, this could certainly help make many applications cost 

effective. 

Carbon Reduction Value 

Finally, though the cost effectiveness tests used by Efficiency Maine and other efficiency 

program providers typically do not explicitly value carbon reduction (except in so far as they are 

monetizable in an existing market), clearly this is a subject of great interest for policy makers in 



 

 

Maine and elsewhere as we consider the best pathways towards a carbon neutral or carbon 

negative economy. 

In our May 2020 test, we ignored market price signals and instead optimized dispatch of the 

fleet on environmental (carbon avoidance) basis. While ISO-NE does not publish a real time 

carbon intensity metric for the electricity it provides, there are a number of other proxies we 

can use in its place to provide a first order estimate for the ability of a controllable DER fleet to 

reduce carbon pollution. The numbers below should be understood as approximations, and 

furthermore it is clear that as generation mix in New England changes, these numbers are likely 

to change as well. But even without perfect resolution, we can understand that load flexibility 

provides substantial opportunities for carbon reduction.  

The left hand chart below from an ISO NE CLG presentation, shows that shifting load just a few 

hours can reduce CO2 emissions per MWh by as much as 10-20%. The center and right chart 

show that pricing and/or system load is not a perfect proxy for carbon accounting. 

 

But the tables above substantially underestimate the real opportunities because of averaging. 

Each cell in the table represents the hourly average of an entire month and so obscures much 

more significant variations which occur on individual days within those months. An expanded 

heat map table showing all 8,760 hours of a year individually would show more opportunities 

with intraday differences in Marginal emissions rate as high as 50% or more. 

From another report, the chart below from PNAS indicates that the difference between the 10% 

and the 90% hour in ISO New England, sorted by carbon intensity, is 50% (~290 kg/MWh vs ~190 



 

 

kG/MWh).

 

https://www.pnas.org/content/116/51/25497/tab-figures-data 

The intraday variation in grid emissions intensity in New England is similar in magnitude to that 

in CAL-ISO which is useful because this subject has been studied more in CA than in New 

England. Though there are substantial differences between the CA grid and New England’s, 

many lessons learned in CA may be useful. A 2018 review of California’s Self Generation 

Incentive Program (SGIP) found that in many cases grid financial signals are often misaligned 

with environmental benefits, and absent thoughtful intervention, means that in some cases 

energy storage additions to the grid were increasing, not decreasing, total emissions. 

For example, the chart below shows energy storage charge status in blue and real time 

emissions rate in red. From the red line, you can note intraday emissions intensity differences in 

excess of 2:1 (actually far greater given that marginal emissions rate falls to zero in a number of 

hours). And yet because the batteries were controlled through economic optimization alone, 

those low or zero marginal emissions hours correspond often to battery discharging, rather than 

battery charging. So batteries are charging with cheap (but dirty) nighttime power and 

discharging at times of peak loads and costs, but relatively low marginal emissions.  

 



 

 

The clear lesson is that given the imperfect coincidence between periods of high cost and high 

emissions, if you want your energy storage system to reduce carbon pollution, you need to 

control it that way. 

Returning to our pilot, using the same daily load shift per device from energy arbitrage case and 

using an estimate of 200 lb/MWh and 500 lb/MWh intraday difference in emissions intensity for 

low and high case respectively, we arrive at the following values for carbon reduction over a 15- 

year life of a device. Note these reductions are in addition to any reduction from efficiency and 

fuel switching and represent just the additional reduction from control of the devices:  

 

Further Considerations 

The Smart Grid Pilot project has yielded many useful insights into both technology options as 

well as customer acceptance which we hope will provide a foundation for future pilots or 

programs by Efficiency Maine. As an early stage innovation pilot, the program also elevated a 

number of useful questions which we hope Efficiency Maine and other stakeholders will 

consider as we think about next steps with respect to DER aggregation and control in Maine.  

Below are a handful of topics we believe are worthy of additional discussion, investigation and 

learning. We do not attempt to answer the questions here, but just raise them as topics worthy 

of further consideration by policy makers and program administrators in the future. 

How can programs like this work in deregulated electric markets like we have in Maine? 

From our review of programs around the country we found that most of the DER programs and 

pilots are taking place in markets where customers are served by either vertically integrated 

utilities or by consumer or municipal cooperatives. For example, Green Mountain Power in VT 

has been a leader in deploying customer sited DERs and managing them for the benefit of 

ratepayers. Sacramento Municipal Utility district (SMUD), Belmont light and Washington Electric 

Coop are other national leaders in this area. When compared to Maine’s investor owned 

utilities, these entities have the benefit that they can monetize savings on behalf of ratepayers 

whether they are on the Generation (capacity, energy price suppression, etc) or Transmission 

and Distribution (reduced RNS, NTA, etc) side of the ledger. In Maine, on the other hand, the 

investor owned utilities only provide T and D and do not sell electricity to customers, so they 

would have to cooperate with an energy supplier like the Standard Offer provider to capture the 

full value of aggregated DER control.  

With a historical focus on programs implemented and devices installed behind the customer 

meter, and a fairly sophisticated understanding of energy markets as a whole, Efficiency Maine 

may be a better fit for managing these programs in Maine. Though beyond the scope of this 

report, it is worth considering whether existing authority is sufficient or what additional 



 

 

legislative or regulatory mandate might be required for Efficiency Maine to do that most 

effectively on behalf of Maine ratepayers.  

What is the appropriate Role for the Monopoly T and D utilities in these programs? 

Historically, electric Utilities have been granted a monopoly franchise based on the logic that the 

utility business is a ‘natural monopoly’ and thus customers benefit from that arrangement due 

to economies of scale. Increasingly, it is clear that some of the functions historically performed 

by utilities may be performed better and more cost effectively by competitive providers in a free 

market. We experienced that a few decades ago when Maine and most of New England 

deregulated the generation side of the electricity market and provided opportunity for private 

capital and innovation to compete, as well as more recently as the legislature has delegated 

responsibility for assessing and designing NWA solutions to the NWA coordinator in the OPA’s 

office. Aggregation and control of DER’s is likely another example where private enterprise and 

competitive markets will yield better results for customers, however there is clearly a role for 

the legacy utility companies to play. As Maine develops policy for encouraging the adoption of 

flexible, controllable and aggregated DERs, policy makers and program administrators will have 

to answer what that role should be. Do we want utilities to compete with unregulated entities 

and own devices behind customer meter? Should the utility own the DERM platform and 

provide control for devices owned by others? Should the utility provide a platform for third 

party aggregators and be responsible for dispatch decisions? Or should the utility be wholly 

uninvolved and allow an independent entity (like Efficiency Maine or the NWA coordinator) to 

fulfill these roles? 

How can/should the DER aggregation and control role interface with the new NWA 

coordinator role? 

As Maine finally stands up an independent NWA coordinator, nearly ten years after the 

successful Boothbay pilot project, it is worth exploring how the operator of DER aggregation 

platform, perhaps inside Efficiency Maine, should collaborate with that NWA coordinator. A 

joint study earlier this year from California’s three major utilities found that the combination of 

solar plus storage could yield an ‘effective load carrying capacity’ (ELCC) of nearly 1!  That 

finding has dramatic implications for the applicability of solar + storage to meet a variety of grid 

investment needs and should inform both the work of the NWA coordinator and DER aggregator 

in Maine going forward: https://www.pv-magazine.com/2020/07/20/solar-plus-storage-has-a-

99-8-capacity-value-in-california/ 

Is Maine ready for a BYO battery or other device program? 

A number of New England States have developed statewide or utility specific ‘bring your own 

device’ type programs for residential energy storage and other smart appliances. 

Massachusetts, New Hampshire and Vermont now all have programs of some kind, whether 

statewide or an individual utility pilot.  

In advance of the 2020 legislative session, the legislature convened an Energy Storage 

Commision to provide recommendations to the EUT committee regarding targets, technologies, 

programs and goals related to energy storage. In its final report, the Commission made nine 



 

 

recommendations and among them was “Advance Energy Storage as an Energy Efficiency 

Resource.” The Commission heard that Efficiency Maine already has the statutory authority to 

implement such a program and though the 2020 legislative session was cut short by the corona 

virus public health emergency and so no additional directive was provided, it would be useful for 

Efficiency Maine to consider whether such a program fits within its existing legislative mandate. 

As Maine makes investments in electrifying transport, how will we ensure that the newly 

electrified load reduces, rather than increases, costs for all ratepayers? 

Though the pilot’s findings with respect to EV charging was mixed (load is substantial, but 

utilization of chargers was low and not necessarily peak coincident), the sheer magnitude of 

new load represented by electrification of transport means that this has to be an area of focus 

for policy makers. While this pilot considered ‘what is the value of the large dispatchable load 

that is a level 2 EV charger?’ another way to ask the same question is, ‘what is the cost to 

ratepayers if we add these loads in a way that is unmanaged?’ And clearly the answer is that the 

cost may be substantial. As Efficiency Maine rebates, Utility pilot projects and other state 

programs in support of transportation electrification enable substantial public investment over 

the coming years, it is worth understanding the pros and the cons of ‘smart charging’ and also 

investigating whether the ‘smarts’ will be in the charger, the vehicle, or both.  

How can we ensure that programs that support load flexibility are available equitably to 

customers of all kinds? 

When load is controlled and peak energy consumption and costs are lowered, all ratepayers 

benefit. However, we need to be deliberate about ensuring those benefits are shared equitably 

among ratepayers. If programs are designed to share some portion of benefits specifically with 

participating ratepayers to provide an incentive towards a particular action, we need to be 

cognizant of whether all ratepayers have an equal opportunity to participate.  For example, if 

lower income Mainers are less likely to have a heat pump or a smart thermostat, will they have 

equal opportunity to participate in a program that compensates them for control of those 

devices?  As policymakers build programs to advance electrification and specifically advanced 

controls, care must be taken to ensure they are providing both opportunity and benefits to all 

types of ratepayers. 

What is the appropriate way to manage concerns about data privacy concerns in these 

programs? 

Utilities and regulators have historically taken their obligation to maintain customer privacy very 

seriously. In an era of increasing competition and collaboration between utilities and other 

energy service providers, the historical data privacy rules and practices of the legacy utilities has 

sometimes become a barrier to innovation and competition. As homeowners play an 

increasingly active role as energy market participants, and not just customer, we will need to 

adopt a new set of market rules and norms regarding customer data and privacy. This begins 

with acknowledging that a customer’s energy usage data belongs to them and that all market 

participants (whether utility or non-utility) should be held to the same rules when it comes to 

privacy and security.  
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We thank you for the opportunity to collaborate on this interesting and exciting 
pilot project. In spite of some of the challenges posed late in the year by the 
COVID-19 pandemic and related disruptions, the pilot has been a success and 
generated data and insights that we hope will be useful for Efficiency Maine and 
other stakeholders as you evaluate the growing potential of load flexibility from 
aggregated behind the meter DERs. 
 
Thank you for your support and help during this pilot and for your leadership in 
Maine’s clean energy transition. 
 
Respectfully submitted: 
 
 
Fortunat Mueller PE 
 
President 
Revision Energy Inc 
758 Westbrook Street 
South Portland, Me 04106 
 
 
October 19, 2020 
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