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1.

Executive Summary

The Massachusetts Clean Energy Center (MassCEC) sponsored this study to better understand the
opportunities to promote and support the development of microgrids. A secondary goal was to coordinate
with the Massachusetts’ Department of Public Utilities Grid Modernization Proceedings in order to
synchronize any potential technological, financial, and regulatory changes to the existing distribution grid
with strategies that would enable the deployment of microgrids. Because of the cross-cutting nature of
the topic, recommendations on microgrids will be of interest to and are directed at many state agencies.
The study team, consisting of DNV KEMA Energy & Sustainability and the Peregrine Energy Group,
began the effort by establishing a clear definition of what a microgrid is and isn’t. Because microgrids are
a popular topic, it was important to have a clear understanding of what a microgrid is, versus some
popular misconceptions. For the purposes of this report, a microgrid is defined as:
A power distribution network comprising multiple electric loads and distributed energy
resources, characterized by all of the following: a) The ability to operate independently
or in conjunction with a macrogrid; b) One or more points of common coupling (PCC’s)
to the macrogrid; c) The ability to operate all distributed energy resources (DER),
including load and energy storage components, in a controlled and coordinated fashion,
either while connected to the macrogrid or operating independently. d) The ability to
interact with the macrogrid in real time, and thereby optimize system performance and
operational savings.
The report focuses on the benefits of microgrids and articulates the value of microgrids, as opposed to
stand-alone distributed energy resources, whose operations are not necessarily coordinated. We identified
the primary benefits as: the ability to economically provide electricity to critical loads within the
microgrid, and to improve power quality, flexibility and reliability by integrating and optimizing various
sources of energy. Therefore, microgrids represent coordinated control of DERs to maximize economics,
reliability and clean energy (if feasible), and to stabilize electric loads and generation while operating
independently of the macrogrid.
As an emerging field that has coincided with the development of distr ibuted generation and advances in
controls and communication systems, this report provides information on the wide variety of activities
occurring in the United States and European countries, including activities to pilot microgrids in
developing markets, while evaluating their various advantages. To address potential conflicts with
traditional distribution utility business models, this report examined four microgrid ownership/business
model concepts, some of which are currently in use or are being piloted.
Massachusetts, which is now in the midst of updating its distribution grid network, preparing for climate
change and advancing the deployment of clean and renewable energy systems, is well-positioned to take
advantage of what microgrids offer.
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To that end, this report recommends the following for the Commonwealth:
1. Emergency Preparedness: To maximize the energy reliability benefits of microgrids, this report
recommends that Massachusetts coordinate state emergency and climate adaptation planning with
microgrid policy and planning.
2. Smart Grid Planning and Deployment: Distribution circuit and control system planning should be
executed with microgrids in mind to facilitate future interconnections, as well as cost-effective and
reliable operation.
3. Massachusetts Greenhouse Gas Emissions and Microgrids: Microgrids often include fossil fuel
resources and are frequently anchored by natural gas-fired combined heat and power (CHP) systems.
The Commonwealth must be diligent in supporting microgrids that ultimately reduce greenhouse gas
emissions.
4. The Microgrid Challenge: To foster the development of microgrids and to explore the business
models and benefits through actual projects, this report recommends the Commonwealth implement a
“Microgrid Challenge” pilot program. This program would engage a broad group of stakeholders,
evaluate results and identify specific policy initiatives that would accelerate development.
5. Islanding Capabilities: In order to promote the deployment of DERs, which can provide energy
security benefits, this report recommends that incentives from MassCEC and the System Benefit
Charge be supplemented with:
 Additional grant or other financial incentives to add microgrid functionality (including islanding
and storage), and/or
 Requirements for microgrid functionality in order to be eligible for some portion of existing
incentives.
6. Energy Reliability Districts: After generation and grid vulnerabilities are identified, we suggest that
the MA DPU commission a study of microgrid potential. With background work completed by the
study, we further suggest that the MA DPU, MassCEC, MA DOER, MA Legislature, distribution
utilities, industry leaders and municipalities consider a legal framework for Energy Reliability
Districts to promote energy safe havens at the municipal level.
7. Implement C-PACE Program: The Commercial Property Assessed Clean Energy law needs to be rewritten to get C-PACE funding off of the ground. This report recommends that the Massachusetts
Legislature specify in any revision of the law that community and microgrid and/or district heating
and cooling systems are eligible for C-PACE financing for Energy Reliability Districts, multi-user
microgrids and microgrid controls and islanding equipment.
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2.

Introduction

The study team, DNV KEMA and Peregrine Energy Group, initiated a thorough literature review on
microgrid deployment and known challenges and organized four focus groups comprising microgrid
developers, microgrid owners, industry experts, distribution company representatives, combined heat and
power (CHP) system operators, fuel cell system installers, and state and local officials. Attendance at the
groups exceeded 40 participants. The team also conducted interviews with distribution companies: Unitil,
NSTAR and National Grid specific to the topic of microgrids. The objective of each interview was to
capture data, concerns, positions and supporting arguments regarding the use of electric and thermal /
electric microgrids to achieve the Commonwealth’s clean energy and greenhouse gas (GHG) goals. GHG
goals, public safety, and emergency preparedness were used as organizing themes to frame discussions
with the distribution companies and focus groups in win-win terms.
The report also considers the Department of Public Utilities Grid Modernization Working Group’s
proceedings on regulatory frameworks for a smarter grid, grid integration of distributed energy resources,
and examines how other states and countries are currently handling the issue of microgrids. The report’s
recommendations are consistent with the history of market transformation in the Massachusetts’ energy
industry, which has been guided by clear statutes, stakeholder input, and incentives to bring cleaner
energy to consumers.
This report investigates the value of microgrids to Massachusetts, examines the business case for their
deployment and explores impediments to their implementation. During the course of our research, we
noted a lack of understanding among some policy papers and technical reports between the benefits of
distributed energy resources (DERs) and the benefits of microgrids. This confusion may result in policy
decisions that do not fully support desired outcomes for the state. Microgrids encompass DERs but DERs
also exist independently of microgrids. We have therefore focused our attention on the relationship of
DERs to microgrid operation to help foster a better understanding of these systems and good policy
decisions.
Because there are relatively few local examples of microgrids (there are more if you consider district
thermal energy systems as microgrids), we examined activities in other states and countries which are also
grappling with the legal, business, and regulatory issues around microgrids. We provide short synopses of
these activities in the report. More detailed findings regarding Connecticut, New York, and California and
three European countries are included in an appendix. Finally, we conclude with recommendations that
best align microgrids to Massachusetts’ goals for energy system resiliency, greenhouse gas reductions,
public safety, emergency preparedness, and smart grid implementation.
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3.

Microgrids

3.1

What is a macrogrid, a microgrid and how do they work
together?

The dominant paradigm for the generation and sale of electricity over the last 130 plus years has been the
construction of large central power stations (generation) connected to transmission lines that move power
from the power station to lower voltage distribution systems and eventually to the consumer. The current
power grid was designed for the one-way flow of electricity. This paper will use the term macrogrid to
describe the electricity delivery system from the point of generation to the point of use by consumers.
Figure 3-1: Sample Graphic of Transmission and Distribution Grid

Figure 3-1 represents what is considered the traditional transmission and distribution grid
with one-way power flow from a large power plant through high voltage transmission
lines to lower voltage distribution lines to the commercial, industrial, and residential end
users.
A microgrid, at its minimal level of functionality, enables local electricity generation, energy storage and
load (power consuming devices) to operate independently of the macrogrid. When the power flow on the
macrogrid is interrupted, a microgrid can utilize locally generated sources of energy to keep the local
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lights on or maintain essential services. Typically, the greater the energy capacity of the microgrid, the
greater the complexity, since multiple sources of electricity generation may be involved, along with
electric and / or thermal storage, and perhaps even fuel storage. Microgrids have been gaining increasing
attention lately because the impact of severe storms has driven a desire to make power delivery systems
more resilient.
At this time, there is no universal agreement on the definition of a microgrid, or on how small or how
large one may be with respect to geographic area or energy use. There is, however, one common theme:
A microgrid has the capability to isolate from the macrogrid and independently manage generation assets
and balance the critical electric loads within the microgrid. The key components that enable a microgrid
to function independently of the macrogrid are: the switch gear that isolates the microgrid at the point of
common coupling (PCC), the microgrid controls that maintain stability (equilibrium between supply and
use), DERs, and controllable loads. A microgrid may also include electric or thermal storage. The optimal
microgrid solution will be distinct to the energy requirements and goals. As in any system solution, it is
not a solution without the integration of all components.
For the purposes of this study, we use the following definition of a microgrid:
A power distribution network comprising multiple electric loads and distributed energy
resources, characterized by all of the following:
a) The ability to operate independently or in conjunction with a macrogrid;
b) One or more points of common coupling (PCC) to the macrogrid;
c) The ability to operate all DER, including load and energy storage components,
in a controlled and coordinated fashion, either while connected to the macrogrid
or operating independently.
d) The ability to interact with the macrogrid in real time, and thereby optimize
system performance and operational savings.

3.2

Electricity generation and storage

It is vital to a microgrid that, at a minimum, adequate generation is available to support all noninterruptible and critical electric loads within the microgrid in the event the macrogrid is not available.
Some microgrids will have sufficient generation capacity to meet all load requirements, and perhaps as
the electric load within the microgrid changes during the day, produce excess energy for delivery to the
macrogrid. Generation from sources such as wind and solar is intermittent and variable in power output.
Intermittency and variability of power create instability which is compensated for by the macrogrid (when
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the microgrid is operated in parallel to the macrogrid). When the microgrid is operated in isolation from
the macrogrid, power variability can only be compensated for within the microgrid. A mix of controllable
resources must be combined with base load sources of generation such as CHP, fuel cells, bio-mass,
diesel back-up generation and thermal and battery storage, which provides a greater degree of flexibility
to the system while assisting with the integration of renewables components as well.
Figure 3-2: Conceptualization of a Microgrid based on load requirements

CHP, fueled with natural gas, is a preferred technology for powering microgrids and accompanying
thermal loads. Load management systems, while not a source of generation, are important energy assets in
a microgrid because the ability to control load assists with stability management.

3.3

Isolation from the macrogrid

The motivation to isolate or “island” and the speed with which to do it varies widely depending on the
end users’ flexibility to cover critical loads, the duration of outages, and tolerances for power quality.
Depending on the occurrence of severe weather or planned maintenance of the local distribution grid,
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microgrid operators may decide to island in anticipation of grid outages to avoid a disruption of their
facilities and operations.
A microgrid operator may isolate from the larger grid either through manual or automatic controls. A
central circuit breaker is the least-cost approach to isolation. For the safety of utility workers, a failsafe is
required to maintain isolation and avoid inadvertent reconnection with the macrogrid. Microgrids are
connected to the macrogrid at one or more points of common coupling (PCC) 1 . To the distribution grid
operators, the microgrid appears as one entity, even though it may comprise multiple-users and multiple
sources of generation. A non-automated switch (at the PCC) with failsafe controls addresses utility
worker safety but results in a time delay to manually throw the switch prior to the start or re-start[2] of
electricity generation within the microgrid.
Automated disconnection and reconnection switches are classified by their speed of operation (in cycles)
and the amount of load which can be isolated from or re-connected to the macrogrid. The automated
equipment performs more than just the function of isolating and re-connecting; it also ensures that the
generation in the microgrid is synchronized the voltage and frequency of the macrogrid before reconnecting. The synchronization routine requires coordination with the distribution company, to ensure
compliance with the interconnection requirements established by the distribution company.
The interconnection standards to island distributed resources and loads are contained in IEEE Standard
1547.4™ 2011, “IEEE Guide for Design, Operation, and Integration of Distributed Resource Island
Systems with Electric Power Systems” published in July 2011. As with all IEEE standards, they are
reviewed and revised as necessary based on unfolding events. The topic of microgrids is and will remain
active in the near future. The Department is advised to monitor IEEE 1547 standard proceedings to
understand the national issues. Furthermore, the Department should interact with Massachusetts utilities
to observe and understand issues of safety, complexity and cost that arise from microgrid planning and
installations.
While isolation is critical for safety and reliability of service, most microgrids often operate in a gridconnected mode. The PCC and interconnection requirements permit this “parallel operation” with the
macrogrid and isolation (“islanding”) is only necessary when the macrogrid is down.
1

The Medical A rea Total Energy Plant (MATEP) which serves the Longwood Medical Area in Boston is an
example of a microgrid which has more than one point of common coupling with the local distribution grid.
MATEP supplies steam, ch illed water, and electric ity to five hospitals and numerous biomedica l and pharmaceutical
research centers located nearby.
[2]
The starting or re-starting of generation is referred to as “black start” capability. In a microgrid, black start
capability can be provided by battery storage that starts up a generator or by a man ually started generator. Once
started, a small generator can provide sufficient power to start up larger generators which can produce sufficient
power to support the critical and other load requirements within the microgrid.
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3.4

How is a district energy system different from a microgrid?

A key difference of a district energy system is that it delivers thermal energy to a number of
interconnected facilities, in the form of hot water, steam or chilled water. District energy systems may be
limited to thermal distribution only or may be designed to co-generate electricity with the waste heat from
combustion. Co-gen plants are anchored by boiler plants, engines or steam turbines that can be fueled by
natural gas, biomass (particularly in the pulp and paper industry), diesel fuel, and municipal solid waste .
Both district energy co-gen systems and microgrids have a macrogrid interconnection for supplemental or
emergency power and two-way interaction with the macrogrid. In contrast, a microgrid is designed to
distribute electrical energy over a defined network, incorporate various energy sources, interact with the
macrogrid on a real-time basis, or isolate itself and operate in an islanded mode, when required.

KEMA, Inc.

3-5

February 3, 2014

DNV KEMA Energy & Sustainability

4.

Benefits of DER and microgrid systems

4.1

What are the separable benefits of DERs and microgrids?

In this section, the benefits of microgrids are compared to that of single distributed energy resource. This
comparison is helpful in allowing policymakers to understand the benefits DERs can provide, as well as
their limits. It is also helpful in understanding why DERs are built up to more robust microgrids, and why
microgrids are developed into optimized, flexible systems that can extend reliability benefits from a
single facility to an outlying community.
A device or group of devices is typically defined as a microgrid once there is the ability to island the
device(s) and to operate them when the macrogrid is unavailable. However, it is too simplistic to say that
the sole purpose of a microgrid is to operate independently of the macrogrid. A more complete statement
of the purposes for a microgrid is : to economically provide electricity to critical loads within the
microgrid, and to improve power quality, flexibility, and reliability by integrating and optimizing various
sources of energy.
In the popular press2,3 and even among professionals in the energy industry, the term “microgrid” is often
used interchangeably with “distributed generation” or when including controllable loads, are described as
distributed energy resources. While many of the benefits of DERs can be achieved by simply being gridtied and feeding clean electricity into the grid, there are additional benefits that can be extracted from
DERs when they are planned, installed and operated in an integrated fashion.
To clarify the differences between DERs and microgrids, we have included a chart that lists some of the
benefits that are often attributed to distributed energy resources. For this comparison, our study team
separated the benefits of distributed resources into three categories: 1) benefits derived from grid-tied
DERs on a stand-alone basis (“DER Alone”), 2) benefits of DERs that can be islanded as a microgrid
(“MG”), and 3) benefits of adding advanced microgrid controls (“MG+”).
The three categories above are meant to draw distinctions between the benefits of standalone generation
sources such as a commercially-sized PV and additional benefits that are captured as the devices are

2

Creyts, John, Eric Maurer: “Microgrids and Municipalization : Can You ‘M icro-Municipalize’ a Utility?.
Published on 10/18/2013 at: http://www.greentechmedia.co m/art icles/read/microgrids-and-muncipalization-canyou-micro-municipalize-a-utility
3

Well, Ken, Mark Chediak: EBay, Ellison Embrace M icrogrids to Peril of Ut ilit ies. Published 10/20/2013 at :
http://www.bloo mberg.co m/news/2013-10-17/ebay-to-ellison-embrace-microgrids-in-threat-to-utilit ies.html
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linked into a system and then operated through sophisticated controls. The chart shows that if one focuses
on a single benefit, it is clear that in some cases a simple DER device may be able to provide that benefit.
Table 4-1: Distributed Energy Resource Benefits versus Microgrid Benefits
DER
Alone

Benefit Description

†MG

*MG+

Economic
Direct



Facility Energy cost reductions



Part icipation in Ancillary Serv ices markets



Sales of excess electricity to the macro -grid
Part icipation in demand response programs




Optimizat ion of Assets based on pricing signals and real time energy markets
Indirect
Reduced electric T&D losses






Deferred electric T&D capacity investments
Support for deploy ment of renewab le generation



Reliability & Power Quality


Ability to operate absent macrogrid
‡
Reduced facility power interruptions
‡


Enhanced facility power quality
‡
Increase power facility electricity reliability
‡


Ability to operate absent electricity and gas infrastructure
‡
Environmental
Reduced emissions of greenhouse gases
‡
‡
‡
Reduced emissions of criteria pollutants
‡
‡
‡
Security & Safety

Safe havens during power outages

Ability to support community during long term outages
Table adapted from NYSERDA Report: Microgrids: An Assessment of the Value, Opportunities and Barriers to
Deployment in New York State, Final Report. (2010)
†Considering only the islanding capabilit ies of microgrids
*Considering islanding capabilities and the benefits of coordinated (microgrid ) controls
‡The response here is truly “it depends”. E.g., if clean/green electricity is stored in a battery, then the loss of energy
to convert and reconvert back into electricity means that more energy has to be consumed. Conversely, if battery
storage helps stabilize intermittent renewables feeding the distribution grid, then the grid requires fewer n onrenewable fuel-fired central p lants to generate power / VA R etc. for grid stabilization.

However, that device has limitations and as more benefits are added to the requirements of a system, the
device capability is expanded by building the system into something more – first a simple microgrid and
then a more sophisticated, optimized system.
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While the chart illustrates the incremental benefits that can be obtained by creating a microgrid, the chart
doesn’t “weight” the importance of each of these additional benefits. For example, the last benefit listed the ability to support a community during long term outages - may have a much, much higher value than
the indirect benefit of “reduced electric T&D losses.”
To work from the example in the chart, consider the case of a commercially-sized PV plant. The direct
economic benefits are straightforward: free energy from the sun supplements grid electricity. Even if the
discussion shifts to natural gas-fired CHP plants, energy costs savings arise from significantly reduced
transmission losses, energy efficiency savings from co-generation (making use of the normally wasted
exhaust heat to meet heating or cooling loads) and avoided utility costs such as transmission, distribution,
and demand charges for electricity.
But these systems are limited. In the case of the PV system, even if the system is has the ability to
“island” to allow independent power production during outages, its capabilities are limited because the
PV system most likely will not provide “full facility” needs and obviously, will not be able to provide
power when the sun goes down. As the system expands, perhaps by adding storage and a generation
device, the benefits of 24 hour support are captured, but the system may still be limited in its ability to
optimize its operation. If the system expands further, with advanced microgrid controls, an additional
benefit of improved reliability will then be obtained. The improvement in reliability may then lead to
perhaps the most significant benefit of security and safety.
The “MG+” microgrid has the ability to not only serve its targeted loads, but in times of emergencies or
long term outages, but also serve the surrounding community, thereby acting as an island of refuge while
the macrogrid is restored. Such scenarios are the reason why some states, in their quest to build more
resiliencies into their grids, have dedicated funds to the development of community microgrids, rather
than the development of simple DER devices.
This reliability and resiliency are discussed in greater detail below, but it is not difficult to envision that
the ability to island provides a difficult-to-quantify benefit of securing power for critical facilities and/or
public safety operations during storm conditions or other emergency events.
As DER devices are essentially a subset of microgrids, the benefits that are attributed to a DER device
should also be attributed to microgrids as well. The argument for reduced greenhouse gases for standalone
DERs and microgrids is complicated by the way intermittent renewable technologies - such as wind and
solar PV farms - are absorbed by the grid, and also by the variety of devices that make up the category of
distributed energy resources. Each of the categories is given an “It Depends” designation in the chart
because examining whether there are reductions in greenhouse gases or enhanced power quality depend
on the application itself and on the technologies that make up the DER devices.
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Even if the DER devices are clean energy sources, the intermittency of some renewable resources can
pose challenges to grid operators. The ability of the electricity grid to absorb the output of small
renewable systems is similar to adding drops of water to the ocean. There is no discernible effect on such
a large system. However, when many megawatts of renewables are added to the grid, the intermittency of
these sources can cause grid instability problems, as has occurred in Germany, Spain, Hawaii, California,
Colorado, and elsewhere. The impacts are seen in two areas. The first impact is on the feeder itself. The
intermittency can lead to system protection issues for the distribution network and add to electrical stress
imposed on certain devices. The second impact area is on the grid itself. The intermittency caused by
renewable devices adds variability to both the supply and the load of the system, creating difficulties in
maintaining stable operations for the entire system. Hence, because even the addition of clean DER
devices may lead to downstream impacts that could limit their use, or require the use of balancing
resources from fossil sources, there could be net increase emissions. Consequently, the “Reduced
Emissions” benefit is modified with an “It Depends” designation.

4.2

Improved reliability

When energy generation and storage (thermal and electric) are widely distributed on the macrogrid,
reliability is generally improved, because the more sources of electricity generation that are available
across a wide geographic area, the less likely a weather event (or other emergency condition) will knock
out all generation. However, when a DER can only be used when connected to the grid, it may not result
in improved reliability, since a grid outage may curtail its ability to operate. In addition, the DER device
is often not designed to supply an entire facility load, further limiting the reliability benefits for the full
facility. The deployment of microgrids ensures that power distribution continues within the microgrid,
thereby maintaining the reliability of service. In fact, microgrids are often deployed at the types of
industrial facilities that require high levels of reliability.
Microgrids not only improve reliability, but may help to restore power more quickly when the macrogrid
is down. As an example, on September 6, 2013 a weather related outage demonstrated the value of the
Borrego Springs microgrid 4 in San Diego Gas & Electric’s service territory. Power to Borrego Springs
was interrupted, but “As soon as the storm passed and utility patrols were able to determine the damage,
the microgrid began to restore power to customers. In total, 1,060 customers (out of 2,780 in the town)
had their power restored automatically within hours by the microgrid, using on-site power.”5

4
5

U-T San Diego, November 10, 2013. http://www.utsandiego.com/sponsored/2013/nov/10/sgde-repair-crews-storm/
Ibid
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The storm that affected power delivery in Borrego Springs was modest compared to “Hurricane Sandy
which knocked out power to more than 8 million people:” 6 Microgrids at South Windsor High School in
Connecticut, New York University and Princeton University were “islands” in the aftermath of Sandy.
The microgrid at South Windsor High served as an emergency shelter during the storm. 7 When the two
microgrids at Princeton University went into island mode, the campus load requirement was 16 MW
though only 15MW of power was available. Load was shed via automated and manual switches, and the
two microgrids were interconnected and remained so for two and a half days without utility supplied
power. While isolated, the dining halls at Princeton provided hot meals and power to charge cell phones
to first responders, students and staff.
As is evident in these stories, microgrids improve reliability. Second, a microgrid doesn’t need to supply
all the power requirements to have an impact; shedding load is as important as providing generation.
Lastly, these experiences demonstrate the value of an island of refuge and provide anecdotal support for
the creation of Energy Reliability Districts or Municipal Emergency Service Districts powered by
microgrids.
Community Microgrids:
The reliability benefits of microgrids need to be considered in the context of the facility it serves and the
surrounding community. For a facility, a microgrid can provide the “5-9’s” (operate 99.999% of the
time) reliability that may be necessary for operations and to cover short term outages. However, the
system may also be able to provide critical support to the surrounding community.
Many state planners are examining how to increase resiliency of their grids. The outages that resulted
from recent severe storms such as Super Storm Sandy and during Hurricane Katrina lasted multiple days
and in some cases, more than a week. Hence, the benefits of microgrids are being expanded to areas
beyond a single facility, to also encompass the community as well. During a crisis, a microgrid may be
able to reduce the power supplied to a certain facility, and redirect that power to support certain critical
care or public safety requirements of the community. This capability is not something that can be
achieved with a single DER device or a simple microgrid, but rather the “MG+” system with advanced
microgrid controls. As state planners consider a modernized grid, this feature and capability is beginning
to take on greater and greater significance when weighing the benefits of microgrid applications.

6

The Christian Science Monitor, Clayton, M., November 15, 2012,
http://www.cs monitor.co m/USA/2012/1115/ Lessons -from-Sandy-how-one-commun ity-in-storm-s-path-kept-lightson
7
Ibid
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5.

What are other states and countries doing about
microgrids?

Several U.S. states and European countries have designed and launched various initiatives to promote the
development of smart grid technologies. With the exception of a few states, very few programs are
explicitly focused on microgrids. European countries are cooperating through the EU to understand the
full costs and capabilities of smart grids, and to pilot real-time market transactions that can be enabled by
these systems, since real-time, bi-directional power exchange capabilities can improve the economics of
smart grid and microgrid systems. In the U.S., there are similar efforts to incorporate smart grid
technologies, incentivize grid-tied DERs, and pilot microgrids for economic and reliability purposes.
A brief overview of microgrid-related projects and programs outside of Massachusetts is provided in the
appendix. Highlights of programs currently operated in the various states include:
1. Connecticut has launched a microgrid grant and loan pilot program that was initially funded
at $15M and later increased to $18 M. The state has also established a “Commercial Property
Assessed Clean Energy” (C-PACE) program to assist with the financing of district energy
projects with plans to alter legislation to include microgrid projects. The program provides
security for funding through a property tax assessment. The return of benefits is allocated to
the C- PACE participants in proportion to the funding provided.
2. New York and California provide incentives to establish islandable DERs. In New York,
CHP systems must be capable of “grid-independent” operation during outages and an
incentive bonus is available for CHP systems that support critical infrastructure.
3. Net metering rates, generally set at levels that are closer to retail pricing than wholesale
pricing, provide an incentive for solar power development. In Massachusetts and 42 other
states8 such net metering rules that have provided the primary incentive for development.
However, the fairness of the net metering rates is under review in several states.
4. A feed-in tariff is another mechanism used to encourage renewable generation 9 . A microgrid
may integrate various types generation, including carbon-based generation. The use of net
metering rates for carbon based electricity exported to the grid may not be appropriate, unless
other efficiency and reliability benefits are considered.
Highlights of relevant European programs include:

8
9

http://www.seia.org/sites/default/files/resources/Net-Metering-by-State_0.pdf
http://www.eia.gov/todayinenergy/detail.cfm?id =11471
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1. Northern Europe has an excess supply of renewable energy. EU policy is therefore driving
toward a “pan-European competitive electricity market” 10 to maintain an incentive for
continued renewable development across the continent.
2. UK tax law allows Exempt Supply Services, the equivalent of DG projects in the U.S., to use
the electric distribution system to wheel power to other sites. The distribution utility is
allowed to charge for the use of its system for power distribution, thereby offsetting any
additional costs that may be incurred.
3. On the Danish island of Bornholm, nearly 2,000 electric customers participate in a smart grid
project. The purposes of the project are to successfully balance the island grid with as much
as 50% renewable energy, and to gauge customer responses to real-time pricing, such as
adoption of DR.
4. In The Netherlands, 25 interconnected households participate in a demonstration using realtime energy prices as a balancing mechanism between grid-purchased vs. self-generated
power during periods of peak demand.
The appendix provides additional details on all of these examples. While only one of the examples above
(the Connecticut Microgrid Grant and Loan Pilot Program) is specific to microgrids, they illustrate that a
number of jurisdictions have launched programs to promote objectives or test specific policy ideas. This
concept of testing policy ideas re-appears in the recommendations section, where we suggest
Massachusetts pilot specific policy concepts, monitor the results, and then implement policies that
incorporate lessons learned through actual experience.

10

Ibid
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6.

Business models that will enable microgrids

What business models will allow microgrids to succeed? To answer this question, we examined four
models of microgrid ownership and operation:





A distribution company microgrid
A single user microgrid
A hybrid microgrid
A multi-user microgrid

6.1

Distribution company microgrid

6.1.1

Distribution company microgrid – ownership and participants

Examples of distribution company microgrids are the Consortium for Electric Reliability Technology
Solutions (CERTS) demonstration project in Ohio, owned by American Electric Power11 and the Borrego
Springs microgrid owned by San Diego Gas & Electric. This model obviously requires that distribution
companies be allowed to own generation assets, which is the case in a number of states. In Massachusetts,
however, utilities are prohibited from owning generation assets with one exception - they can own up to
50 MW of solar generation. As discussed in Section 4, using solar generation by itself would not enable
the development of an effective microgrid. One alternative would be for Massachusetts to relax the
prohibition of utility ownership of generation assets for the purposes of conducting a pilot program.
Another alternative is to consider the use of energy storage as a means of providing an energy source for a
microgrid. The California Public Utilities Commission on October 21, 2013 issued its Decision 13-10-040
adopting energy storage procurement targets for the three investor-owned utilities in the state. The
MassCEC and Department of Public Utilities are advised to monitor utility procurement of energy storage
prior to drawing conclusions about the viability of utility ownership and use of energy storage. A third
alternative would be for the distribution company to obtain generation produced within a microgrid via a
Power Purchase Agreement (PPA) with the microgrid owner, and then acquire responsibility for operating
the microgrid.
The active control of the macrogrid for stability has been a responsibility of the distribution company
since its inception. Microgrid owners report that maintaining stability of operations, when isolated from
the macrogrid, is challenging. There are many more generation and load resources available within a large
utility distribution network than within a microgrid. Consequently, the distribution network has a far
11

http://certs.lbl.gov/certs-derkey-mgtb.html
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greater diversity of sources and loads, which directly contributes to maintaining system stability. As
mentioned previously, most DERs and microgrids are operated in parallel to the larger grid, which
demonstrates the value of the distribution company participation in the control of a microgrid. This issue
is highlighted here because integration with the distribution company is essential to maximizing the
benefits of microgrids, and a certain expertise is required to do so.
The rules associated with the wholesale electric market also need to be evaluated to determine whether
utility ownership of or participation in generation would alter the fair-play of the wholesale electricity
markets.

6.1.2

Distribution company microgrid – benefits

The benefit of a distribution company owning a microgrid lies in the coordination and control of the
microgrid within the larger grid operated by the distribution company. The Borrego Springs microgrid is
an example of the distribution company locating the microgrid to improve reliability and integrate DER.12
The pilot project will hopefully demonstrate that a microgrid was a better economic choice for improving
the reliability of the distribution system that provides power to Borrego Springs. Like the Hybrid model
discussed in 6.3.1.below, this model does not create the uncertainties with respect to franchise issues
discussed in Section 9.3 of this report.

6.1.3

Distribution company microgrid – complexity, challenges, regulatory
suggestions

This model reduces complexity because it reduces the number of parties coordinating the design and
operation of the microgrid to one, the distribution company. The model presents a challenge for
Massachusetts, since distribution companies cannot own generation. We do not suggest that ownership
restrictions on generation be removed at this time. Rather we suggest that ownership exemptions be
granted to enable the development of pilot programs that would be designed to evaluate potential benefits.

12

http://www.smartgrid.gov/sites/default/files/pdfs/project_desc/NT02870%20RDSI%20Fact%20Sheet%20
SDG%26E%20Borrego_3.0.pdf
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6.1.4

Distribution company ownership example - SDG&E Borrego Springs, CA

SDG&E Borrego Springs Microgrid Demonstration Project –Distribution Company Microgrid

Objective

Project Cost:
Funding Source

Reduce outages and grid downtime for the community of Borrego
Springs, CA, which is at the end of a long feeder line. The goals are to
achieve a 15% reduction in feeder peak load, explore microgrid
islanding, and improve distribution system reliability. In Sept. 2013,
lightening shattered a transmission pole on the only transmission line
into town. Within hours, 1,060 customers had power restored (one
circuit in Borrego Springs) via the microgrid’s generation and storage
assets, and by the next day, SDG&E had restored all 2,780 customers to
full power.
$15.2 M: U.S. DOE - $2.8M, SDG&E - $7.5M,
Public-Private Sources - $4.9M
Generation:

Microgrid Assets



Two (2) 1.8 MW Caterpillar Diesel Generators



Residential PV up to 125 households

Battery Storage:
 One (1) 500 kW/1500 kWh battery at Borrego Substation
 Three (3) 25 kW/50kWh units for Community Energy Storage
Controls:
 Six (6) 4 kW/8kWh units for Home Energy Storage (HES)
 Switch - Feeder Automation System Technology (FAST)

6.2

Single-user microgrid

6.2.1

Single-user microgrid – ownership and participants

In this model we specify only a single owner and participant.

6.2.2

Single-user microgrid – benefits

CHP systems can provide dual fuel use benefits that support the achievement of GHG reduction goals.
Massachusetts (similar to the state of New York) encourages GHG reduction with incentives for the
qualified purchase of CHP systems. Lower energy costs are the economic incentive for DER. The value
of business continuity, and the isolation capability to maintain service to non-interruptible and critical
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loads, is very specific to the individual user. The single user is in control of its own expectations and
performance with respect to microgrid stability and critical load support capability.

6.2.3

Single-user microgrid – complexity, challenges and regulatory suggestions

The complexity of the CHP system and its controls are guided by the owner’s requirements. Simple
generation and load requirements result in a relatively simple microgrid configuration. A more complex
situation will result in a more complex microgrid. However, even a simple system requires a certain level
of expertise to maintain stability. One focus group participant, who owns a small CHP system, offered
that his firm lacked expertise to operate CHP as a microgrid. When presented with the costs and
complexities to isolate from the grid, the firm decided it was not only financially unattractive but
presented an operating risk.
On the other hand, the GHG reduction benefits of CHP systems are easily understood by owners. Having
system performance monitored and managed by the distribution company resolves a complexity for the
owner while ensuring Massachusetts incentives are being properly administered. The process works for
increasing CHP penetration and reducing GHG emissions, but falls short in creating an incentive for
building a microgrid. Massachusetts should consider additional incentives for providing isolation
capability when installing a CHP system.
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Single-user example – The Santa Rita Jail Microgrid, Dublin, CA

6.2.4

Santa Rita Jail – Single - User Microgrid

Objective

Project Cost:
Funding Source

The goals are to achieve 15% reduction in feeder peak load and to ensure
there is enough energy to maintain full service between a blackout and
back-up diesel generators reaching full power. Overall reliability and
energy cost savings are also goals.
$12 M: U.S. DOE - $7M, CEC - $2M, Other Public Sources - $1M
Generation:

Microgrid Assets

 Two (2) 1.0 MW Diesel generators
 One (1) MW molten carbonate fuel cell with heat recovery
 1.2 MW PV Rooftop Mounted System
 Five (5) 2.3 kW Wind Turbines
Battery Storage:
 One (1) 2 MW/4 MWh Li-ion battery
Controls:
 12kV sub cycle static disconnect switch

6.3

Hybrid microgrid

6.3.1

Hybrid microgrid – ownership and participants

In the hybrid model, the generation is owned or contracted for by the microgrid participant(s) whose load
is controlled within the microgrid. (Examples might include campuses, office complexes or industrial
facilities.) The distribution system and the individual service meters are owned and maintained by the
distribution company. The hybrid model thus combines the best aspects of Distribution Company and
private ownership. By involving both parties, the operational expertise of distribution companies is
applied, while the private ownership provides a separate source of investment capital which is being used
to enhance the overall distribution system.
Control of the microgrid would remain the responsibility of the distribution company, as in the previous
case. The distribution company manages the points of interconnection. When the microgrid is isolated
from the larger grid, the distribution company maintains control on both sides of the point of
interconnection.
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During isolation from the macrogrid, load management would be required to ensure the adequacy of
supply for the participants within the microgrid. Using smart grid technology, the distribution company
could selectively and automatically disconnect certain customers or loads to balance the available supply
with the demand. The quality of service during a grid event could be less than under normal condit ions,
but at least microgrid participants would have access to electricity during the event. The cost to manage
the microgrid in isolation would be the responsibility of the microgrid participants.

6.3.2

Hybrid Microgrid – benefits

The benefit of a hybrid microgrid is that it can provide additional sources of investment capital for
improving the overall performance of the distribution grid. In addition, multiple owners of DER can
participate and can aggregate their thermal and electrical loads (and their demand reduction resources) to
optimize project economics. The greater diversity of loads with multiple users also promotes stability
within the microgrid.

6.3.3

Hybrid microgrid – complexity, challenges and regulatory suggestions

The inclusion of multiple DERs makes this model more complex for the distribution company than the
PPA or utility ownership approach described in the distribution company microgrid model. However, the
identification and inclusion of many points of DER is a challenge faced today by distribution companies
and should not be considered an impediment to microgrid development. Whether these DER assets are
within a microgrid or not, the impact on the stability of the macrogrid must be considered 13 by the
distribution companies.
The coordination and controls required of a distribution company are a challenge due to multiple sources
of generation and participant load requirements. That challenge is magnified during isolation from the
macrogrid as a result of a major outage event. One result could be that each generator is required to
isolate and meet its own load requirements resulting in smaller pockets of reliability during a macrogrid
event. This could result in less than full service capability for participants of the microgrid, but maintains
the reliability of service to certain critical loads.
In this model, the physical structure of the distribution grid becomes more expansive in terms of
geography and users. The interconnection points, reclosers, and communications systems are managed
13

There are too many load-related variables specific to a feeder or grid to define the level of penetration at which
intermittent generation will create instability. The specific location of the generation also plays a role. Instability is
not likely to be a problem when intermittent generation is below 10% of the total load or even at possible 30%.
Predicting the ranges and circu mstances is beyond the scope of this study, but it does support the need for the
distribution company to be aware of the DER, loads and load management capabilit ies within the grid.
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outside the control of the generator of the energy. During reliability events, individual users competing
for energy can introduce instability, unless the distribution company managing the microgrid has full
authority to manage both generation and load for all participants.
The prime purpose of the microgrid is to always provide enough energy for non-interruptible and critical
loads. The control of load during an event preventing a participant from using electricity for non-critical
purposes may result in participant dissatisfaction, but the level of satisfaction with respect to available
power is a potential issue regardless of the ownership model.
There will be times when generation exceeds the requirements of the participants in the hybrid microgrid.
A means of selling this energy (preferably at higher than wholesale prices) into the grid must be defined
for the purposes of a pilot program. A pilot program may also want to establish common practices for
interconnection/isolation, load control and communications costs that may be charged to microgrid
participants, to maintain fairness for all parties.

6.4

Multi-user (non-utility) microgrid

6.4.1

Multi-user microgrid – ownership and participants

The Multi-user microgrid model expands the pool of microgrid participants to enable business entities to
own or operate a microgrid that serves multiple customers, multiple customer meters, and multiple
facilities. A business proficient in the processes to safely and efficiently generate and distribute energy to
recipients would own or operate the microgrid facilities. Several participants in the focus groups
commented that this model would create a more diverse and larger group of microgrid providers and
users.

6.4.2

Multi-user microgrid – benefits

Similar to the hybrid model, the benefits of a multi-user model may be shared capital costs and access to
private capital, resulting in a more rapid expansion of microgrids and DER. Where load requirements and
capability to generate exist in geographic proximity and are complementary to each other, this model
could achieve a higher ROI than that of a single user microgrid. Federal and state tax credits may accrue
to commercial owners, or be assigned to developers in the case of municipal/non-profit ownership.

6.4.3

Multi-user – complexity and challenges

There are several complexities, challenges and obstacles to this business model. The key challenge is that
the Multi-user microgrid appears to require the utility to grant an exception to the utility franchise rules.
Those rules are discussed in Section 9.3. Beyond the franchise rules, the transaction cost to attract

KEMA, Inc.

6-7

February 3, 2014

DNV KEMA Energy & Sustainability

additional participants and bill them for their energy use adds a unique complexity to this model and may
inhibit microgrid development. In other models, the utility already has the billing and customer support
infrastructure in place. In discussion with retailers 14 there is a possibility others can provide the necessary
customer support, but it seems improbable in the short term. Perhaps even with the relaxation of
franchise rules there will be limited opportunities in the near term for this business model due to the
complexity and challenges cited above.
These challenges can be compared with a hybrid model, which avoids the issue of franchise rights 15 and
will likely promote a more rapid development of microgrids. We suggest the franchise issue be further
investigated while simpler microgrid business models are being piloted and evaluated. However, the
MassCEC and the DPU will want to ensure that its policies providing incentives don’t exclude the multiuser model.

14

DNV KEMA has an annual Retail Energy Executive Foru m. The topic of microgrids was informally d iscussed
with retail executives. They see a possibility to provide both the customer interface and a mult i-user microgrid but it
is several to many years out.
15

The franchise right issue and the potential to classify an owner of this model as a utility to be regulated by the
DPU and the limited benefits beyond what might be accomplished with the other models support an initial focus on
the other models rather than a dilution of effort to imp lement the most complex model at this ti me.
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Example of a Multi-user Microgrid – Burrstone Energy Center, Utica, NY

6.4.4

Burrstone Energy Center – Multi-User Microgrid

Objective

Project Cost:
Funding Source

The project comprises three separate entities, St. Luke’s Hospital, St.
Luke’s Nursing Home and Utica College. Each entity has critical,
uninterruptable loads that have been adversely affected by local power
disruptions. Therefore, reliability was a major driver. Energy cost savings
were also another reason for investing in a CHP-based microgrid. Since
starting up in 2009, the system has exported over 5 M kWh of electricity,
although the campus has also imported 33 M kWh since that time.
$15M: NYSERDA - $1M, Oneida County - $150k
Generation:




Microgrid Assets

6.5

Three (3) 1.1 MWe Natural gas CHP units
One (1) 334-kWe Natural gas CHP unit
Peak thermal capacity of the four (4) units combined: ~7,000 lbs/hour
(100 psig steam) and 700 gpm (200 deg F) hot water.
Battery Storage:
None.
Controls:
 Automated- Microprocessors at the PCC that energize the microgrid
within 2 minutes.

Section conclusion

There are several observations to note in the comparison of microgrid business models. First, the
expertise of the distribution company in maintaining grid stability is an important consideration in the
development of microgrids. And while the ability to sell excess electricity at rates closer to retail than
wholesale will improve financial returns, it is an issue that is also associated with DER. The GHG
reduction incentives associated with CHP development could be enhanced to promote the inclusion of
isolation capabilities, which would improve reliability. There are two ways to measure the value of the
reliability improvement - the value of business continuity, and the societal value of providing power to
critical populations and resources. The first measure is specific to the participant(s) in a microgrid. The
second is the potential benefit to the adjacent community. We believe the “Energy Reliability District”
concept, where a microgrid is established to improve reliability for users and emergency power for
adjacent communities is a concept that should be piloted and evaluated.
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The ownership models represent a wide range of feasibility from single-user systems that already exist to
hybrid or multi-user systems that conceptually should work but have many more technical, regulatory,
and financial hurdles to overcome. The discussion of ownership models demonstrates a diversity of
possibilities; however, no particular model will drive microgrid development. Identified, critical needs
for power, power quality, control over utility costs, and integration of renewables drive microgrid
development and business models are adopted and adapted to operationalize microgrid systems and
capitalize on the benefits. As a result, we do not advocate any particular business model, as we anticipate
they will emerge organically once microgrid drivers are identified and microgrids are contemplated at
different locations across the state.
It is also important to note that while DERs are rapidly expanding, the control mechanisms and operating
systems required for microgrids are far from plug and play technology. Significant learning is still
required and can be accelerated through a planned program of multiple microgrid pilots that engage
distribution companies, municipalities, potential owners and other stakeholders in the development and
testing of microgrid systems and energy reliability districts.
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7.

Development costs and operational challenges of
microgrids

We begin with the operational challenges of microgrids and work backward to their development costs.
The key operational challenge is stability – i.e., maintaining the equilibrium of generation and load. In a
microgrid, responsive generation such as CHP and storage can accommodate variations in load. Other
forms of DER are less able or unable to alter electricity output to provide stability. Technologies such as
smart inverters16 are in development to make variable supply more possible at a reasonable cost. Load
management systems are also becoming more responsive and capable of modulating load. Battery and
other storage technologies that can absorb or discharge energy are growing in importance both at a
macrogrid level and at a microgrid level.
Because there are fewer resources in a microgrid, the challenge to maintain stability is greater when the
microgrid is isolated from the macrogrid. When a microgrid is operating in a connected mode, variations
in equilibrium are resolved through the support of the macrogrid. When the macrogrid is down, the
isolated microgrid must maintain stability solely with the resources within the microgrid. If the sources of
DER produce an oversupply of electricity, a generator may trip-off, resulting in a loss of power to the
microgrid. Restarting generation and gradually adding load to regain equilibrium can be time consuming.
Likewise, an undersupply of power can subject the equipment to malfunction or damage, and can also
cause a loss of stability, which in turn will cause a shutdown of generation. It is for this reason that
advanced control systems are essential for the operation of a microgrid.
As an example of the challenges involved, one participant in the workshops stressed that his company had
recently installed a small natural gas-fired CHP system. While they had enough expertise to run the CHP,
they did not feel they had the expertise to run a microgrid (i.e. the isolated CHP system) in the event of a
grid outage. Continuing technology developments will make it easier to maintain stability within a
microgrid, but until then, experienced distribution system engineers will be required to design and operate
microgrids. Larger sites, such as university campuses, have the engineering staff and expertise to operate
microgrids, and some are currently doing so. But for smaller installations, it may be too costly to keep an
experienced engineer on staff, especially when operating independently from the grid is not a frequent
occurrence.

16

Smart inverters allow solar PV systems to stay connected to the grid during minor grid disturbances and to change
their output to assist in grid stability. In addit ion, smart inverters will have functions which are ‘randomized’ so that
inverters don’t all d isconnect from the grid at the exact same time when grid voltage or frequency are out of
tolerance.
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A second challenge is for the microgrid to determine when it must take over for the macrogrid. A short
duration outage or dip in generation from the macrogrid might be almost immediately restored, even as
the local generation ramps up. Yet if the generation is not rapidly responsive, the loss of energy within the
microgrid can result in power outages and require a more time consuming “black start” operation to
restore power. The cost of relays and monitoring systems to make these determinations, and the cost of
switches to execute various transitions, can vary significantly. Thus, a comprehensive understanding of
the requirements for managing operational transitions between the microgrid and macrogrid is important
in the specification of equipment. Depending on the complexity of the loads, and the number and types of
sources of generation within the microgrid, the engineering and modeling cost to develop the required
specifications can range from $10,000 to $1,000,000 or more for a large, complex system.
Costs and benefits are difficult to generalize because each microgrid depends on the requirements and
configuration of the user. The table below summarizes the equipment required for a typical installation,
and provides a range of costs for a microgrid supporting 5 MW of load. Sophisticated controls are
required to operate the assets and optimize reliability, revenue production or GHG reduction. In this table
the cost of islanding, control and communications equipment represents about 15% of the total cost. All
of these costs would be balanced against the frequency of local power interruption, the expected duration
of outages, and the value of the benefits achieved.
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Table 7-1: Range of Costs for Microgrid Components
Qty

Microgri d
Equi pment

Descripti on
5 MW Multi -DER Installation

Range
Low

High

Microgri d Isolation and Stability Controls
1

Main transfer
switch

Disconnect when out of tolerance. Required for
islanding.

$50,000

$100,000

1

Master controller

Microgrid stability controller1

$150,000

$500,000

$100,000

$400,000

1

Switchgear

Generation switchgear and controls (basic)

2

Distribution Automati on (2 circuits: non-interrupti ble + critical load and, non-critical l oad)
Sectionalizing
Sectionalize non-interruptible and critical load fro m
2
$100,000
switchgear
total load
1
1
5

Remote
switchgear control

Master station for remote load shedding and distribution
switchgear operation

Automatic fault
protection
Smart meters 17

Relaying, protection and control equipment to enable
switchgear to automatically detect and isolate fault.
Includes data warehousing

$200,000

$70,000

$110,000

$60,000

$125,000

$50,000

$100,000

$500,000

$1,000,000

$1,080,000

$2,535,000

Communication infrastructure
1

Costs from s mart-grid enabled substation communication in frastructure up to
the point of common coupling, i.e. the utility transformer.

Total
1

SCADA/EMS (forecasting, load-shedding, scheduling, optimization, market participation, resynchronization, islanding transitions,
automated protection settings etc.) to monitor and manage power system from PCC to building circuit panels.

Developing a compelling business case for a microgrid can be a significant challenge. Obviously, without
DER, there would be no opportunity for a microgrid, and DER may be supported with incentives to
achieve carbon reduction, rather than grid isolation or reliability benefits. Connecticut has approved the
use of diesel generators in its microgrid awards, choosing reliability as the primary objective rather than
carbon reduction. New York is providing incentives for the use of carbon reduction technologies while
also requiring islanding capability as a means of achieving both objectives. Thus, where microgrids are
being installed, there is either an incentive for building the system, a very high value for continuity of
service, or a significant revenue opportunity.
17

Smart meters enable load measurement at points of interest. At least every building should be measured on an
hourly basis. Metering and consumption evaluation should be the first step in the planning process. Costs of smart
meters are usually $5K – $10 K. Additional meters for gas / steam may be added if required. Data is collected,
stored, visualized and analysis performed.
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A simple example is that combined heat and power resources are generally controlled to follow thermal
load. However, simple changes in the controller can enable the generator to modulate its output based on
electrical load or energy prices, thus providing an additional source of revenue to the microgrid owner.
From evaluating use cases in NY and CA, this additional revenue can result in a 10% – 40% reduction of
the total energy costs for the facility.
Given the discussion above , it may prove useful to the state to develop use cases for sample customer
facilities in Massachusetts. These use cases will help crystallize the regulatory, cost, revenue and
environment factors that pertain to Massachusetts. The development of such use cases is suggested as a
prerequisite to launching a microgrid pilot program.
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8.

Smart grid technologies that enhance microgrid
operation

The Department of Public Utilities has initiated a process to modernize the electric grid, and stakeholders
have created a taxonomy that can be used to identify which new technologies are needed for microgrids.
The following chart from the July 2013 report of the Grid Modernization Stakeholder Working Group
includes “intentional islanding”, which the report also refers to as “microgrid controls”.
Figure from “Massachusetts Electric Grid Modernization Stakeholder Working Group Process: Report to
the Department of Public Utilities from the Steering Committee,” 2 July 2013.
Figure 8-1: Massachusetts Grid Modernization Taxonomy
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As illustrated in this taxonomy, there are several “capabilities” that support the integration of distributed
resources, and which are also needed to make microgrids possible, including voltage regulation and load
leveling and shifting. 18
The Working Group’s report further identifies the distribution company’s SCADA and Distribution
Management Systems as “network systems enablers” for microgrid control and generation.
We provide a brief overview of measurement and control technologies important to microgrids:
1. Supervisory Control and Data Acquisition (SCADA) – these systems provide communication and
control of and to distribution automation technology such as reclosers.
2. Energy Management Systems (EMS) Controls for Utility Distribution Networks 19 - A microgrid,
could relieve distribution system congestion if it is identified as a potential source of generation
or load reduction by the utility’s EMS. It could then be controlled to provide either additional
generation or load reduction, as required to alleviate the congestion.
3. Advanced Metering Infrastructure (AMI) – provides extensive meter data, including historic
usage, load profiles, voltage variations and outages. This information is useful in developing the
business case for a microgrid installation. As an example, time-of-use (TOU) meter data, when
combined with time-sensitive pricing, can determine the benefit of participating in the utility’s
demand response or demand management programs.

18

This load shifting capability will need to include “voltage ride-through capabilities that enable distributed
generators to operate uninterrupted though grid disturbances”, and in the case of substantial penetration of
microgrids with generation, will have to include intentional two-way power flo w.
19
Our use of the term “Energy Management System” is not equivalent to the use of the term “Distribution
Management System” in this report.
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9.

Policy and regulatory issues

There are a number of policy and regulatory issues that affect microgrid development, including:





Climate policy: mitigation and adaptation
Regulatory issues that in general affect distributed energy resources
Utility franchise rights
Regulation of non-utility multi-user microgrid owners

9.1

Climate policy: adaptation and mitigation

There are two components of climate policy: adaptation and mitigation. Adaptation strategies are
designed to reduce our vulnerability to the impacts of climate change, including improving the resiliency
of the electric grid. Mitigation strategies are designed to reduce the magnitude of climate change,
including reducing emissions of greenhouse gases.
Adaptation
The primary role of microgrids in climate policy is as an adaptation strategy. As discussed earlier,
microgrids can provide islands of refuge during grid outages. Microgrids can be designed to ensure that
critical facilities remain operational, and that critical populations are served, even if the macrogrid is
down for an extended period.
Mitigation
Massachusetts has adopted an aggressive climate mitigation goal of a 25% reduction in greenhouse gas
(GHG) emissions from 1990 levels by 2020, and an 80% reduction of GHG emissions by 2050. While
energy efficiency and conservation play important roles, the Commonwealth’s plan to achieve those goals
includes a significant increase in renewable energy generation. Low carbon DERs, whether deployed
within a microgrid or not are important to achieving the GHG goals.
As described in Section 4, microgrids may contribute to the Commonwealth’s GHG mitigation efforts.
However, most of the GHG reduction benefits do not result from the microgrid itself but from operating a
renewable energy source, which can be done without a building a microgrid. A policy of promoting
microgrids may produce GHG reductions, if it leads to an increase in deployment of clean DER.
However, there is an additional cost for microgrid development (above and beyond the cost of DER) that
may inhibit its development. There are also less visible impacts of microgrids, such as the requirements
for balancing power as described previously, which may be produced by fossil fueled energy sources.
Thus the net GHG reduction benefit, if any, is difficult to quantify, but it is unlikely that a microgrid
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policy will produce much more clean generation in the short-term as compared to other clean energy
strategies that the Commonwealth could employ. 20
On the other hand, there are several offsetting factors that could lead to an increase in clean energy
development as a result of microgrids. These include:


Customers interested in CHP who have high thermal loads relative to their electric loads may be
able to increase the size of their CHP systems - if they are able to export electricity to the grid
during times of high thermal use. This may provide a total energy efficiency benefit.



Customers who are planning a microgrid to meet resiliency objectives may decide to increase the
capacity of clean energy they install (above what they would have installed in the absence of the
microgrid) in order to extend the period during which they can operate in islanded mode.

9.2

Regulatory issues affecting distributed energy resources

Distributed energy resources are essential to microgrids. As a result, the regulatory issues that affect DER
in general also affect microgrids. These issues include:




Interconnection processes and requirements;
Distribution company rates for customers with DER;
Natural gas rates for customers using gas-fired CHP systems.

The resolution of these issues will have a direct impact on the viability of microgrids in Massachusetts. If
the interconnection process is too slow and expensive, or if distribution company rates discourage DER
development, microgrids will not flourish. However, because these issues have been fully addressed in
other reports,21 and because they are not unique to microgrids, they are not addressed in detail in this
report.

9.3

The utility franchise

The utility franchise is a threshold issue for microgrids; it determines what ownership and operational
models are possible. The applicability of the franchise rules to multi-user microgrids is not entirely clear.
20

For example, extending virtual net metering (now availab le to wind and solar) to CHP could potentially provide a
more direct and quicker boost to CHP development. Virtual net metering could improve the economics of CHP
systems by enabling them to receive a h igher price for exported power without the need to challenge the utility
franchise.
21
See, e.g., KEMA, Inc., “Massachusetts Distributed Generat ion Interconnection Report,” July 25, 2011, for
Massachusetts Department of Energy Resources and Massachusetts Clean Energy Center.
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Because the DPU has not yet been asked to review and rule on a multi-user microgrid proposal, it is
unclear whether the DPU would consider the multi-user microgrid to be a utility and therefore subject to
the rules governing utilities. A ruling that subjects a multi-user microgrid to such rules may discourage
that ownership model. (See further discussion in Section 9.4 below.) However, subject to an actual review
and decision by the DPU, an examination of the Massachusetts utility franchise law and of related DPU
precedent suggests that the following microgrid models are currently permissible:




Single-user microgrid, for example a university that owns and operates a distribution system
serving multiple buildings on its campus;
Hybrid microgrid, where the utility owns and operates the distribution systems within the
microgrid and a customer or third party owns the DER;
Multi-user, non-utility microgrid, where an entity other than the utility owns and operates the
distribution system as well as the DER. This is allowed only with the permission of the utility.

Background on the utility franchise
Prior to the Electric Restructuring Act of 1997, it was not clear whether Massachusetts utilities enjoyed
exclusive franchises.22 The state’s “patchwork quilt” of utility franchise areas was created piece by piece
over a period of more than 100 years and through a variety of authorizing documents including legislative
acts, Department orders, municipal permits, and corporate charters.23 As the Department observed, it
became very difficult to verify those rights “given the passage of time and the attendant hazards of
recordkeeping by the companies and their predecessors.”24 In one notable case, where a utility was
unable to produce “documentary evidence which clearly delineated [its] franchise rights,” the Department
ruled that a customer was free to take distribution service from another company. 25
However, the Electric Restructuring Act of 1997 clarified the picture. It directed the Department to
define the service territories as actually served at that time (without the need to comb through the ancient
records). It established an obligation to serve, and provided that the franchises were exclusive, that no one
other than the distribution utility can provide distribution service within a territory unless the utility
provides its written consent. The exclusivity of the franchise is codified in Section 1B (a) of Chapter 164
of the General Laws. The statute provides that:
The department shall define service territories for each distribution company by March 1,
1998, based on the service territories actually served on July 1, 1997, and following to the
extent possible municipal boundaries. After March 1, 1998, until terminated by effect of
22

Depart ment of Teleco mmunications and Energy, Report to the General Court Pursuant to Section 312 of the
Electric Restructuring Act, December 29, 2000 (“M BIS Report”).
23
Boston Edison Co mpany, D.T.E. 06-40, p. 32 (2006)
24
Id.
25
Eco logical Fibers, Inc., D.P.U. 85-71 (1985)
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law or otherwise, the distribution company shall have the exclusive obligation to provide
distribution service to all retail customers within its service territory, and no other person
shall provide distribution service within such service territory without the written consent
of such distribution company which shall be filed with the department and the clerk of
the municipality so affected.
Section 1 of Chapter 164 defines the key terms used in that paragraph:
“Distribution”, the delivery of electricity over lines which operate at a voltage level
typically equal to or greater than 110 volts and less than 69,000 volts to an end-use
customer within the commonwealth. The distribution of electricity shall be subject to the
jurisdiction of the department of public utilities.
“Distribution service”, the delivery of electricity to the customer by the electric
distribution company from points on the transmission system or from a generating plant
at distribution voltage.
“Distribution company”, a company engaging in the distribution of electricity or
owning, operating or controlling distribution facilities.26
“Retail customer”, a customer who purchases electricity for its own consumption.
“Service territory”, the geographic area in which a distribution company provided
distribution service on July 1, 1997.
The Department addressed franchise exclusivity in 2002 in a proceeding involving the Olin College of
Engineering (“Olin”). 27 Although located in Needham, which is in the NSTAR service territory, Olin
requested permission to take distribution service from the Wellesley Municipal Light Department
(“WMLD”). The Department denied the request, ruling that NSTAR’s service territory is exclusive and
that Chapter 164, section 1B (a) “prohibits encroachment on a defined distribution service territory,
absent the deliberate consent of the incumbent distribution company.” 28 Significantly, the Department
refused to even consider Olin’s arguments that it should be able to choose to take distribution service
from WMLD because WMLD could provide service more quickly, more reliably, and at lower cost.29 In
affirming the Department’s order, the Massachusetts Supreme Judicial Court observed that while the
26

The text goes on to exclude the Medical Area Total Energy Plant (MATEP) fro m the definit ion of distribution
company: “provided, however, that a distribution company shall not include any entity which owns or operates plant
or equipment used to produce electricity, steam and chilled water, or an affiliate engaged solely in the provision of
such electricity, steam and chilled water, where the electricity produced by such entity or its affiliate is primarily for
the benefit of hospitals and non-profit educational institutions, and where such plant or equipment was in operation
before January 1, 1986.”
27

Franklin W. Olin College of Eng ineering, D.T.E. 01-95 (2002).
Id at pp. 10 – 11.
29
Id at p. 18.
28
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Department has some discretion in resolving franchise disputes, it was reasonable to conclude that “such
discretion does not extend to customers such as Olin, who seek principally to get a better deal on their
electric rate from a provider across the border.” The Court noted that the “pressure on the department
from customers anxious to get relief on that basis would threaten to recreate the very ‘patchwork quilt’ of
electric service providers that G. L. c. 164, § 1B, was intended to prevent.”30
This guidance is applicable to any potential microgrid where the primary benefit for customers is lower
cost distribution service than is available from the franchise utility. Such a benefit is not sufficient to
justify an exception to the exclusivity of the franchise.
The Department also addressed franchise issues in two other orders issued since the passage of the
Electric Restructuring Act in 1997. In a report to the legislature in 2000, the Department reviewed
arguments for and against franchise exclusivity and concluded that no amendments to the statute were
warranted at that time. 31 In 2002, the Department concluded that a supermarket could choose whether to
take distribution service from Massachusetts Electric or Peabody Municipal Light Department where the
parcel on which the supermarket was located straddled the two service territories. 32
In its discussions of franchise rights, the Department has articulated several principles that are relevant to
microgrids:
 Customers are free to distribute purchased electricity for their own use within their own
premises.33 There are examples of this in Massachusetts today. For example, Harvard University
distributes electricity within its campus.
 Franchise rights are triggered even if the entity distributing the electricity does not charge for the
distribution service. 34 Accordingly, a microgrid developer cannot get around the franchise by
providing “free” distribution service.
 A distribution company’s exclusive franchise in a municipality covers the entire municipality,
including as yet undeveloped parcels.35
 The Department will look askance on “creative conveyancing” designed to circumvent franchise
rights. The Department listed as examples of creative conveyancing: “consolidation of fee

30

Franklin W. Olin College of Eng ineering v. Depart ment of Teleco mmunications and Energy, 439 Mass. 857, 864
(2003).
31
MBIS Report.
32
Stop and Shop, D.T.E. 98-122 (2002).
33

Stop and Shop, D.T.E. 98-122, p. 9.
Olin Co llege at 24, n. 15
35
MBIS Report.
34
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interests in adjacent parcels on the franchise borderline, or extinguishment of public easements,
so as to give rise to colorable claims of mere internal-distribution of purchased electricity.” 36
Crossing public ways
There is a common perception that permission from the utility is required to run a distribution line across
a public way. While commonly believed, this is not correct. Section 87 of Chapter 164 provides that the
consent only of the town “alderman or selectmen” is required to cross a public way. The consent of the
utility is not required. Section 87 reads as follows:
In a town37 where a person is engaged in the manufacture, sale or distribution of
electricity, no other person shall lay, erect, maintain or use, over or under the streets,
lanes and highways of such town, any wires for the transmission of electricity except
wires used by street railway companies for heat or power, without the consent of the
aldermen or selectmen granted after notice to all parties interested and a public hearing.
It is true that a utility would be free to contest another entity’s request to run a distribution wire across a
public way. Section 87 provides that the municipality must hold a public hearing on any such request. In
addition, section 88 of Chapter 164 provides that any person aggrieved by the municipality’s decision
may appeal it to the Department of Public Utilities. However, the utility does not have veto power.
Stakeholder Positions
During focus groups held in July 2013, one stakeholder argued that owners of combined heat and power
systems should be able to distribute electricity to nearby customers. He explained that the owner of a
CHP system receives, in effect, the full retail value of the electricity when it offsets the host customer’s
use. However, for any generation that exceeds the host’s needs, it receives only a much lower price – the
wholesale power rate with no credit for distribution charges. If the CHP system owner could distribute
power to nearby users, it could receive a higher price (closer to the full retail value), improving the
economics of the project and leading to the deployment of more and larger CHP systems.
The franchise law appears to prohibit the arrangement that the stakeholder suggested, absent the
agreement of the utility. However, if the Commonwealth wanted to incentivize CHP through a higher
rate for excess power, there is an easier approach than allowing non-utility distribution. The
36

Boston Edison Co mpany, D.T.E. 06-40, p. 33, n.28, cit ing Stop and Shop and Olin Co llege.

37

Although the statute refers to a “town” rather than a “city”, the Supreme Jud icial Court has interpreted the statute
as applying to cities. See Boston Edison Company v. Boston Redevelopment Authority , 374 Mass. 37, 54-55
(1977).
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Commonwealth could extend virtual net metering (now available to wind and solar) to CHP systems.
This virtual approach could provide the same financial benefit, without the need to run additional wires or
to tinker with the utility franchise. Alternatively, the exported energy could be metered and compensated
for at a rate above wholesale and below retail that compensates the distribution company for the
dissemination of the energy in the macrogrid.

9.4

Regulation of non-utility microgrid owners

The prospect of a multi-user, non-utility microgrid raises interesting questions about what elements of
utility distribution company regulation would be applied to such an entity, including:







Would the microgrid be classified as a “customer,” given that it would take distribution service
from the utility at the PCC?
Or, would the microgrid operator be classified as a “distribution company” and subject to
regulation as such? If so, what would be the extent of that regulation?
─ Would the microgrid operator be able to set its own prices or would it be subject to MA DPU
rate regulation?
─ Would the microgrid operator be subject to other MA DPU requirements for distribution
companies, such as Terms and Conditions for Distribution Service, Standards of Conduct,
Service Quality Standards, and Billing and Termination Procedures?
Would the microgrid operator have an obligation to serve customers within the microgrid? Would
the utility serving the surrounding franchise have an obligation to serve those customers?38
How would the rules regarding the competitive electricity market be applied to sales of electricity
to customers within the microgrid?
To what extent or limitations would restrictions on ownership of generation apply?

Our research did not uncover any Massachusetts precedent that sheds light on these questions.
Massachusetts does have one multi-user, non-utility microgrid: the Medical Area Total Energy Plant
(MATEP), which produces and distributes steam, chilled water, and electricity for five hospitals in
Boston. However, MATEP was granted a specific legislative exemption from regulation as a distribution
company.39 The MATEP example does not reveal how a microgrid without such a legislative exemption
would be regulated.

38

Depending on the existence of wires and other factors, it might not be possible for a d istribution company to
immed iately serve a customer seeking to separate fro m a microgrid, without going through a process similar to the
connection of a new customer.
39
The statutory definition of “distribution co mpany” excludes “any entity which owns or operates plant or
equipment used to produce electricity, steam and chilled water . . . where the electricity produced by such entity or
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As discussed more fully in the Recommendations Section, we do not recommend that the DPU attempt to
answer these and other microgrid regulatory questions in the abstract. Instead, we recommend that the
Commonwealth launch a microgrid pilot program, and that it address the regulatory issues raised by the
actual pilot projects in the context of those specific projects.

its affiliate is primarily fo r the benefit of hospitals and non-profit educational institutions, and where such plant or
equipment was in operation before January 1, 1986,” i.e. MATEP. G.L. c. 164, § 1.
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10.

Recommendations

In this section, we present our recommendations which we have crafted to closely align with
Massachusetts’ goals for emergency preparedness, smart grid planning and deployment, renewable and
clean energy installations, GHG reductions, and grid modernization and resiliency. In a state which is a
leader in energy policy development, green energy technology, and prone to damaging winter storms and
coastal flooding, there is a role for microgrids to enhance public safety and energy reliability to
consumers. While a variety of opportunities exist to created islandable microgrid systems, we focused
our recommendations on those that would provide the greatest benefit to the Commonwealth.

10.1

The intersection of Commonwealth interests and microgrid
development

10.1.1

Emergency preparedness

One of the paramount benefits of microgrids is their contribution to emergency preparedness. As reported
in the September 2013 microgrids report to the Minnesota Department of Commerce entitled, Minnesota
Microgrids: Barriers, Opportunities, and Pathways Toward Energy Assurance, the authors identify three
primary areas where microgrids can support emergency services: Crisis Response and Management,
Public Health and Safety, and Basic Needs and Services. The final category addresses the need to
provide access to electricity, heat, and cooling to populations who do not have the means to shelter in
place.
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Table 10-1: Categories for Critical for Emergency Preparedness
Asset Category

Crisis Response and Management

Examples

Priorities and Microgrid
Factors

■ Utility and transportation crew
dispatch, supply, and staging centers
■ Govern ment command and control
centers
■ Teleco m infrastructure

■ Crit ical to facilitate repair and
Recovery, minimizing the damage
fro m a crisis and avoiding cascading
effects on interdependent systems.
■ Microgrids can be more effect ive
when crisis management facilities
are clustered together, allowing asset
sharing and load diversity.

Public Health and Safety

■ Hospitals and other health care
facilit ies
■ Police and fire departments
■ Public water systems

Basic Needs and Services

■ Storm shelters and temporary
housing
■ Grocery stores
■ Fuel infrastructure, including gas
stations
■ Public transportation and transit
systems

■ Vital to support first response,
med ical care, and law and order.
■ Many such facilities already have
backup power systems that can be
upgraded with microgrid
technologies to increase their
effectiveness.
■ Vital p roducts and services to
support basic needs of residents, and
provide shelter and vital mobility for
displaced and at-risk populations.
■ Load-management systems and
protocols can help conserve fuel and
extend effectiveness of basic backup
power supplies.

Source of table: Minnesota Microgrids: Barriers, Opportunities, and Pathways Toward Energy
Assurance, by Michael T. Burr, Michael J. Zimmer, Brian Meloy, James Bertrand, Walter Levesque,
Guy Warner, John D. McDonald. (2013) Minnesota.
To maximize the energy reliability benefits of microgrids, Massachusetts should coordinate state
emergency and climate adaptation planning with microgrid policy and planning. Key questions to
address include: In which of the above categories do emergency planners see the greatest need for
enhanced energy reliability? How can microgrids augment emergency energy plans? What should be the
key design principles for microgrids relative to incorporation of renewables, energy storage and
interactions with the utility grid? Close coordination between energy planners and regulators will help to
assess and quantify the benefits of microgrids and to target their development to locations where they
would provide the greatest public impact. We recommend that the Department work with the state’s
distribution companies, including municipal utilities, the Massachusetts Emergency Management
Agency, the Massachusetts Clean Energy Center, and MA DOER, to analyze the intersection between
emergency services and the provision of reliable, clean energy particular when the macrogrid may no t be
available. We offer further guidance in the “Microgrid Challenge” section of the recommendations.
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We also believe there is a role for MEMA in assisting municipalities in planning, not only for emergency
shelter, food, water, and health services, but in provision of emergency power (and heat and cooling, if
practical). California, in its overall resilience planning 40 , advises municipalities on a variety of resiliency
topics including microgrids. Likewise, municipalities are at the heart of Connecticut’s electricity
resiliency programs, empowering municipalities to form Energy Improvement Districts and giving
municipal microgrids special dispensation to include commercial customers and cross public rights-ofway for systems 5 MW or under.

10.1.2

Smart grid planning and deployment

Tying into the idea of state advisory support for municipalities that may want to develop microgrids for
emergency operations support, the ongoing design and upgrade of local distribution networks presents an
opportunity to build islanding capabilities at strategic points in grid systems. Distribution utilities can and
will play an important role in supporting municipalities that may wish to install additional sources of
generation, and microgrid system islanding capabilities, to improve emergency response. For example,
Consolidated Edison started to explore the capacities of reliably dispatchable DERs on its system and
began to include these numbers in their 10 and 20 year load forecasts.41 The dispatchable DERs, which
could be sited at municipal facilities, could also help utilities like Con Ed defer infrastructure investme nts
– e.g. of substations and sub-transmission assets. However, as noted in the Massachusetts Electric Grid
Modernization Stakeholder report, most current utility business models do not “recognize a future that is
about connections and capability, not simply delivery.” Distribution circuit and control system planning
should be done with microgrids in mind, to facilitate future interconnections, as well as cost-effective and
reliable operation.

10.1.3

Massachusetts GHG goals and microgrids

This report provides a definition of a microgrid which includes the following characteristics:




One or more points of common coupling with the local utility grid
The ability to operate in a connected mode, or islanded from the local utility grid, and
The ability to control DERs in a coordinated fashion.

There is no reference in the definition to the types of DERs that may power a microgrid. Every single
Phase I microgrid project selected for funding in Connecticut uses natural gas and/or diesel-powered
40

CaLEA P (California Local Energy Assurance Planning) is a California Energy Co mmission (CEC) sponsored
project to assist local governments throughout the State in preparing plans to ensure that key assets are resilient to
disaster events that impact energy. http://www.caleap.org/
41
Burr. M , etal, Minnesota Microgrids: Barriers, Opportunities, and Pathways Toward Energy Assurance. (2013) P
24.
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technologies, with solar PV making up a small portion of the total generation capability. (See a table of
Connecticut Phase I projects in the appendix). The reason for fossil-fueled based systems as the primary
energy source is to improve reliability and grid stability, rather than advance GHG goals. Thus, without
careful consideration, Massachusetts could fund microgrids that increase GHG’s, when compared with
other generation sources that may be available or developable.

10.2

Policy and regulatory recomme ndations

In previous sections of this report, we covered four different potential ownership models for microgrid
deployment, provided examples of three different microgrids currently operating in the United States, and
reported on how a handful of states and European countries are investigating microgrid-enabling markets
and regulations. As the team prepared recommendations for this report, a lengthy initial list of policy and
regulatory recommendations and considerations emerged. In out attempt to cover every potentiality that
could occur with different end-user configurations, tariffs, rate treatment, ownership models, energy
services contracts etc., it became clear that regulators and policymakers could waste significant amounts
of time regulating situations that might never come to pass in Massachusetts.
Therefore, our overarching policy and regulatory recommendation is to initiate a Microgrid Challenge,
similar to the program (with perhaps a higher emphasis on GHG goals) established in Connecticut, and, in
doing so,” pilot and learn”. The Microgrid Challenge, as laid out below, will allow the MA DPU, MA
DOER, MassCEC, and the distribution utilities to focus on the actual issues that arise, rather than
forecasted regulatory and policy issues that have to be addressed to move microgrids forward.

10.2.1

Issue a Microgrid Challenge

To foster the development of microgrids, and to explore the business models and benefits through actual
projects, the Commonwealth should implement a “Microgrid Challenge” pilot program.
The Microgrid Challenge should have the following elements:




The MassCEC would run the Challenge and would provide incentive funding to the winning pilot
projects (“projects”)
The MA DPU would encourage each utility to participate actively in the development of one or
more projects, and provide for cost recovery.
The Challenge would fund at least one project in each of the following categories:42

42

A project could consist of more than one of these three elements. The MassCEC could attempt to select projects
with a d iversity of sizes, loads, generation mixes, etc.
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─









Municipal Security: a microgrid serving critical facilities in a municipality such as police
and fire, town offices, and a building that could serve as a shelter, e.g. a high school or
YMCA
─ New Development District: an area of a municipality that is targeted for significant new
development with the potential for CHP and other clean energy generation
─ Energy Reliability District: an existing portion of the macrogrid would be converted to an
energy reliability district through the addition of islanding, controls and DER within the
district
The Challenge would seek competitive proposals, and would strongly encourage proposals from
teams including developers, utilities, municipal light plants, municipalities, and customers
Proposals would be required to use carbon reducing generating technology such as dual fuel use
CHP and renewables and the project would produce a net decrease in GHG emissions
Proposals would be developed in coordination with the local utility, and would be required to
identify any exemptions from existing DPU regulations or special tariffs needed to implement the
project
MassCEC would select winners in consultation with the DPU
The DPU would review and approve tariff / regulatory exemptions as necessary and appropriate
Open communication is vital to extracting value from each microgrid project. The
developers/utilities must regularly report to the MassCEC and the staff at the MA DPU any
barrier encountered. Ongoing reports of project performance and lessons learned would be issued
and made public by the MassCEC.

Regarding possible regulatory exemptions, because the specific configuration of microgrids, participants,
and sources of generation that may be proposed for a Microgrid Challenge are, as yet, unknown, we
cannot be specific as to which exemptions might apply. It’s possible to anticipate that the Department
would need to consider the following exemptions:
1. Permit the use of distribution company wires within the designated microgrid for a set monthly
fee to the distribution company.
2. Waive requirements for a competitive supplier when the power is shared only within a designated
microgrid.
3. Permit microgrid participants to allocate energy purchased from the macrogrid to participants
based on an administrative agreement with the participants
4. Consolidate demand charges at the PCC for participants and permit the allocation of charges
based on an administrative agreement of the participants.
For instances in which the distribution company does not own the wires in the microgrid:
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5. Hold the distribution company responsible for power quality only up to the PCC (unless fees or
distribution charges are billed by the distribution company individually to the participants).
6. Waive the obligation to serve by the distribution company beyond the PCC. Participants later
opting out of the microgrid would request reconnection as a new customer load.
We recommend the pilot program approach because it is impossible to anticipate all of the issues and
adopt a comprehensive framework at this time. While there is a good deal of discussion about microgrids,
and much promise, the number of actual microgrid projects that could be developed in the short term is
likely to be limited. The Commonwealth can advance these projects more quickly by implementing a pilot
program that identifies and resolves issues rather than attempting to promulgate a comprehensive set of
rules, which might end up being used by only a handful of projects. Also, much of the technology and the
business models for microgrids are at an early stage of development and are evolving rapidly. Given this
dynamic situation, we believe the Commonwealth should support a limited number of pilot projects as the
best way to advance the development of microgrids and assess the need for changes in regulatory
framework. It is critical that lessons learned be shared with the state and the public.

10.2.2

Build a foundation for microgrids with low carbon DER

One of the most important things that the Commonwealth can do to support microgrids is to continue to
create a favorable environment for DER development. The framework needed to support DER is not
microgrid-specific; however, it is an essential enabling condition for microgrid development.
A favorable framework for DER includes several regulatory and program initiatives already in-place or
underway in Massachusetts. These include streamlined interconnection standards, an alternative energy
portfolio standard, incentives for combined heat and power projects, and virtual net metering. Additional
topics for review include cost allocation when cost is incurred for the distribution system to accommodate
DER, rate design for the export of excess DER electricity to the grid a higher than wholesale rates, the
availability of time-varying rates, appropriateness of standby charges and the obligation to serve, as it
applies to customers with DER. Additional progress in these areas will enable additional development of
DER systems, on both a stand-alone basis, as well as within a microgrid environment when appropriate.

10.2.3

Target clean energy and energy efficiency incentives to include microgrids

Massachusetts has a remarkably successful history of using incentive funds to foster the deployment of
clean energy technologies. Renewable generation technologies have received support from MassCEC
and the utility energy efficiency programs now provide support for CHP. In order to promote the
deployment of DER that provides energy security benefits, we recommend that these incentives be
supplemented with:
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Additional grant or other financial incentives to add microgrid functionality (including islanding
and storage), and/or
Requirements for microgrid functionality in order to be eligible for some portion of existing
incentives.

The existing clean energy programs also provide a valuable opportunity to offer technical assistance along
with financial incentives. For example, program administrators and state agencies should arrange for
provision of education and training for potential companies and employees in the “microgrid industry”,
along with information exchange with the electric utilities operating within the state. This information
should include the application to microgrids of new technical protocols and design standards as they are
developed, as well as existing codes 43 . This could be done through an expansion of the information
exchange functions related to the existing interconnection process for distributed generation.

10.3

Recomme ndations for the longer term

The Microgrid Challenge will help the MA DPU, microgrid developers, the distribution utilities and
microgrid participants to flesh out the near-term regulatory and financial hurdles to creating and operating
the several types of microgrids suggested for the Microgrid Challenge. There are issues that can and
should be explored whose resolution will support energy efficiency and distributed generation
deployment in addition to supporting microgrid development where practicable.

10.3.1

Energy Reliability Districts

The idea of an Energy Reliability District (ERD), introduced as a close facsimile of energy improvement
districts, builds upon the concept of energy improvement by creating districts that can island from the
macrogrid. The critical loads within the ERD may include municipal infrastructure, but other issues such
as local grid congestion, businesses that are sensitive to power outages and power quality, may motivate
development. As the Commonwealth recently announced funding for comprehensive climate change
preparedness initiatives, with directives for Executive Office of Environmental Affairs to inventory
generation facility vulnerabilities, the state will soon have an overview and maps where generation
facilities need to be protected and potentially supplemented by power from microgrids.
After initial generation and grid vulnerabilities are identified, we suggest that the MA DPU commission a
study of ERD potential. With background work completed by the study, we further suggest that the MA
DPU, MassCEC, MA DOER, MA Legislature, distribution utilities, industry leaders and municipalities

43

This would include fo r examp le IEEE 1547, the Nat ional Electric Safety Code (“NESC”), the Nat ional Electric
Code (“NEC”) and NERC requirements.
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consider a legal framework for ERD’s. The logical path to implementation would be to introduce
legislation. Based on establishment of ERD’s within municipalities and elsewhere, encourage utilities to
include the ERD’s in their system planning activities. The MassCEC is well-positioned to lead this effort
due to its extensive community programs and close connections to all agencies listed.

10.3.2

Commercial Property Assessed Clean Energy Financing for Microgrids

The Massachusetts Legislature passed PACE legislation in 2010, and there have been subsequent efforts
to augment the law to address the structure of project financing. Commercial Property Assessed Clean
Energy (C-PACE) allows financing of energy efficiency and renewable energy projects that have a long
payout and therefore are not attractive to lenders (or borrowers) through traditional debt-financing
mechanisms. Rather, PACE is paid for by an assessment via local property taxes and becomes the senior
lien, meaning first lien to be paid off, when a property transfers hands. The assessment does not appear as
a debt on a business’s books, and more importantly, the unpaid portion of the debt stays with the property
where the benefits (i.e. energy improvements) also remain.
To date, no Massachusetts municipality has implemented a PACE program under the 2010 statute, which,
according to a DOER commissioned study, is because the law created obstacles to financing by adopting
a “top down” or “fund based” approach. It is our understanding that revising PACE legislation is
currently under consideration by the Massachusetts Legislature.
Connecticut recently established its own C-PACE program as administered by its Clean Energy Finance
and Investment Authority (CEFIA). As of this writing, at least 68 municipalities44 had adopted the state’s
C-PACE program. CEFIA has taken steps to alter the enabling C-PACE legislation to address
development of microgrids and their associated financing. The Investment Authority is taking advantage
of a recently amended Connecticut law that allows CEFIA to finance district heating and cooling systems,
and will seek the approval to fund microgrids as well.
To help developers finance district heating and cooling systems, CEFIA is considering district participant
payments using two invoicing approaches: 1) fixed costs that would pay for infrastructure (similar to the
rate-based costs that utilities levy to recoup their capital investments). The fixed costs could be correlated
to the system capacity built for each participant’s building; 2) varying costs; not only monthly utility bills
but a roll up of any CHP –related electricity savings such as demand response program participation.
When commercial buildings such as a supermarket or convenience store plan to participate in a microgrid
that includes public entities – perhaps city hall, a library, or a recreation center – then C-PACE property
assessments can only be made to hosts that are non-municipal entities (including non-profits). However,
44

See Connecticut’s C-PA CE program website: http://www.c-pace.co m/site/page/view/resources
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CT law does allow municipal entities that are in a long-term contract with a microgrid host to benefit
from virtual net metering. The municipal building(s) is not required to contain the microgrid’s generation
equipment but can still assign the full retail price of electricity exported to the grid by the microgrid to
other municipal electricity accounts.
The Massachusetts Legislature should consider in any revision of the PACE law specifying that
community and microgrid and/or district heating and cooling systems are eligible for commercial PACE
financing including Energy Reliability Districts and/or simply multi-user microgrids. Specifically, it will
be necessary to address public/private combinations of properties to ensure that the appropriate lower cost
long-term financing is available. The Commonwealth should also consider whether microgrid enabling
controls and islanding equipment qualify for C-PACE financing.
Because PACE legislation has passed in so many states, it will be useful to review progress in states with
active programs and adopt best practices in Massachusetts.
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11.

Conclusion

The intent of this research report is to provide a clear policy direction for the Commonwealth of
Massachusetts on the subject of microgrids. At present, designing the DERs, controls, communications,
and isolation technologies to operate as a coordinated, stable, and islandable microgrid is a rapidly
emerging technical field. Furthermore, while the benefits of installing DERs on the grid and the benefits
of microgrids are often mistakenly interchanged, a microgrid may provide incremental clean energy
benefits. Microgrid control technologies can also provide additional (monetary) value by managing power
exchanges with the macrogrid, and thereby generating additional revenue for the microgrid facility.
We have offered a set of recommendations that align with Massachusetts’ goals for greenhouse gas
reductions, public safety, emergency preparedness, and smart grid implementation, and rather than setting
forth all of the legal, policy and regulatory changes the Commonwealth could possibly anticipate, we
have suggested a focused pilot program that will guide the Commonwealth, distribution utilities, and
future microgrid developers and other stakeholders, while identifying the most pressing legal and
regulatory issues that must be addressed. We have also suggested Energy Reliability Districts and the
augmentation of Massachusetts PACE legislation for long term focus by the Commonwealth.
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A.

Appendices

A.1

Microgrid Activity in the U.S. and Europe

California
California is home to arguably the three best known microgrid demonstration projects in the U.S.:
SDG&E’s Borrego Springs project, the Santa Rita Jail, and the University of California-San Diego
microgrid. The state has successfully leveraged funding from the federal government, primarily the U.S.
DOE, and invested its own funds through the California Energy Commission and other state-sponsored
programs to support microgrid development. The latest CEC microgrid awards include a mix of military
and university projects:




$1.7 million award to develop a set of intelligent microgrids that use community scale renewable
resources within an existing utility grid - Marine Corps Base, Camp Pendleton.
$2 million award to share costs in a U.S. DoD vehicle-to-grid demonstration project - Naval Air
Weapons Station, China Lake.
$1.6 million award on top of previous funding of $1.4 million for the UC San Diego’s electric
microgrid. Additional $200,000 funded to expand campus charging network for plug-in electric
vehicles.

The projects are presented to demonstrate the scale of investment required for microgrid innovations.
In addition to the CA Renewable Portfolio Standard requirement of generating 33% of the state’s
electrical energy requirements with renewable resources by 2020, California passed legislation in 2009
requiring net surplus compensation for customers producing renewable energy in excess of their siteloads over a 12 month period. The majority of net energy metering (NEM) customers in California
generate energy with solar PV systems (99% of accounts, and 96% of capacity).45 For solar PV, the NEM
tariffs paid by California IOU’s are equivalent to full retail electricity rates. Thus, the market for
renewable energy production, and particularly solar PV production, has been very attractive. The NEM
and microgrid awards created a financial environment in which innovation (and microgrids) can flourish.
On the resilience front, California joined the U.S. DOE in funding the California Local Energy Assurance
Program (CaLEAP) in 2011. The program aims to help local governments develop strategic plans for
energy assurance by offering education and technical assistance. While not solely focused on promoting
45

Energy and Environmental Economics, Inc., California Net Energy Metering Ratepayer Impacts
Evaluation. 2013. San Francisco, CA.
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microgrids, the program has led three educational sessions for local government officials focusing on
microgrids and even included a trip to see the UCSD microgrid installation. CaLEAP also encourages
communities to collaborate with their local utilities to better understand their positions in regard to local
energy assurance and resilience. 46
Connecticut
Of the states currently piloting microgrid projects, the state of Connecticut has proven to be a front-runner
in terms of enabling legislation and state funding for microgrids. A brief review of electricity reliability
and congestion problems provides insight into Connecticut’s push to develop microgrids. Among the
New England states, which experience the highest electricity rates in the continental U.S., Connecticut’s
electricity rates are consistently the highest47 . While higher New England electricity rates are due to the
structure of the electric industry in New England as well as wholesale market rules, grid congestion is a
considerable factor in Connecticut.48
In 2007, the Connecticut legislature passed An Act Concerning Electricity and Energy Effic iency (PA 07242) which among other provisions, empowers a municipality, by a vote of its legislative body, to
establish energy improvement districts (EID’s). The EID concept is based upon the better known
Business Improvement District, and the purpose of the EID is not only to reduce energy costs, improve
reliability, and promote clean energy systems, it also provides the legal framework for municipalities and
non-municipal entities to work together voluntarily. An EID lays out the leadership structure, financial
powers, and relationships between EID participants, governing board, and municipality itself.
More specifically, in Connecticut, an EID is governed by an appointed district board which has the power
to: hire staff, operate distributed resources, charge fees for its projects and issue revenue bonds. The
district is required to develop a plan, in conjunction with the CT Center for Advanced Technology, for
siting, financing, and coordination with the integrated resources plans of the local electric distribution
company. Municipalities themselves are empowered by the Act to guarantee district bonds, issue general
obligation bonds to support the district, and fund district activities. Thus, the EID is an organizational tool
and legal entity meant attract capital investment by mitigating the risk of investing in self-organized, wild
cat projects.

4646

Burr, M , etal, Minnesota Microgrids: Barriers, Opportunities, and Pathways Toward Energy Assurance, report
page 21
47
U.S. Energy Informat ion Administration. Accessed December 2013. Retail Sales and Revenue Aggregated 1990 current. See: http://www.eia.gov/electricity/data/eia826/
48
McCarthy, Kevin. Factors Behind Connecticut’s High Electric Rates. (2008) Office of Leg islative Research,
Connecticut General Assembly. Web published: http://www.cga.ct.gov/2008/ rpt/2008-R-0452.ht m
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By the end of 2011, two storms had ripped through the New England region, Tropical Storm Irene and an
unexpected Halloween ice storm that downed utility infrastructure across the state. In fact, the ice storm
left thousands of people without power for up to three weeks, and in a few instances, even longer.
In response, Connecticut Governor Dannel Malloy acted quickly to pass Public Act No. 12-148, or An
Act Enhancing Emergency Preparedness and Response, effective July 1, 2012. The law created a new CT
Department of Energy and Environmental Protection (DEEP) and empowered the agency to “establish a
microgrid grant and loan pilot program to support local distributed energy generation for critical
facilities.” Initially funded at $15M and later augmented to $18 M, DEEP sought RFI’s for microgrids
from municipalities, electric distribution companies, participating municipal electric utilities, energy
improvement districts and private entities. Shortly thereafter, DEEP rapidly published an RFP to solicit
microgrid projects that would enhance preparedness of critical facilities. DEEP’s grant funding has been
targeted for the costs of islanding equipment, connections, and interconnection studies, and the first round
of projects has been selected.
As municipalities, universities, hospitals and developers prepared proposals for CT’s microgrid grant
program, it forced the state to begin addressing the regulatory and legal impediments that have
unintentionally created barriers to microgrid systems. By July 2013, Connecticut had passed additional
legislation - Public Act No. 13-298 (An Act Concerning Implementation of Connecticut’s Comprehensive
Energy Strategy and Various Revisions to the Energy Statutes) - with provisions that:





Further define critical infrastructure such that municipal microgrids may include critical
commercial areas,
Provide a pathway for commercially and publically-owned buildings to participate together in a
microgrid,
Establish virtual net metering for microgrids that host municipal, state, or agricultural customers,
and
Allow municipal, state, or federally owned microgrids to independently distribute electricity
across a public highway or street that is generated from Class I renewables (solar PV, wind, fuel
cells, biomass etc.) or from a generation source under 5 MW of capacity.
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Table A-1: First Phase Microgrid Projects Funded in Connecticut

Host

Microgri d Project
Details

DEEP Grant
Energy Sources

Funding is targeted to equipment
and costs related to
interconnection

Bridgeport

City hall, police station,
and senior center

Three 600 kW gas-fired
microturbines

$2.97 million

Fairfiel d

Police station, emergency
operations center, cell
tower, fire HQ, and
homeless shelter

50 kW and 250 kW gasfired engines, 47 kW PV
array

$1.16 million

Groton

Naval submarine base

5 MW turbine CHP, 1.5
MW diesel generator

$3 million

Hartford Park ville Cluster

Parkv ille neighborhood,
including school, senior
center, library,
supermarket, and gas
station

600 kW gas turbine

$2.06 million

Uni versity of Hartford

University campus and St.
Francis Hospital

250 kW and 150 kW
diesel
engines plus existing, 1.9
MW diesel engine

$2.27 million

Mi ddletown

Wesleyan University
campus and athletic
center/public shelter

2.4 MW and 676 kW, gasfired CHP

$694,000

Storrs

University of Connecticut
Depot campus

400 kW fuel cell, 6.6 kW
PV array

$2.14 million

Windham

Two schools for public
shelter

Two 130 kW gas engines,
250 kW PV array, 200
kWh battery, and 2 kW
diesel

$639,950

Woodbri dge

Police station, fire station,
Depart ment of Public
Works, town hall, and high
school

1.6 MW gas turbine, 400
kW fuel cell

$3 million

To address the financing of microgrids, Connecticut is considering altering the language authorizing
Commercial Property Assessed Clean Energy program (C-PACE) to fund microgrids. The law currently
applies only to buildings and district heating and cooling systems.
Connecticut’s focus on microgrids for emergency preparedness helps limit current regulatory and legal
legwork. Even so, there is more work to be done. For example, the Public Utilities Regulatory Authority
(PURA) must conduct a proceeding to develop program specifications for virtual net metering, and new
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configurations of microgrids will cause new questions to surface. Connecticut’s leadership on microgrids
is helping to address microgrid issues now being raised across the U.S.
Europe
A number of European countries have developed and tested microgrids. Generally, EU countries have
tackled the study of microgrids under the larger conceptual umbrella of smart grids. Europe is itself an
interesting landscape in which to consider “smart grids” in that historically, each nation has planned and
developed its own grid system, with limited interconnections between countries. Flipping this traditio nal
model on its head is the aggressive pursuit of renewable energy generation by the European Union. The
European Council has set a target of a 20% share of renewable energy in the European Union (EU) by
2020 (European Commission 2008b.)
Because renewable energy systems, particular wind power, are located in northern Europe, and cannot be
wholly absorbed by local energy storage or consumption, European countries are undergoing multiple
transmission system upgrades including installation of new transmission lines (which are naturally
running into local opposition from those would be neighboring the new installations).49 The point of
reviewing the overall state of the European grid is to note that EU policy is driving EU countries toward a
“pan-European competitive electricity market”. 50 Therefore local experiments real-time market pricing a.k.a. transactive energy - will be subject to significant change once a pan-European competitive
electricity market is functional. Following are descriptions of two European countries with microgrid
experiments.
Denmark - EcoGrid EU
Denmark’s state-owned gas and electricity transmission utility launched the “Cell Controller” project in
2005 to demonstrate use of grid-connected DERs to support grid reliability and power-flow applications.
The state transmission utility, Energinet.dk, worked with DERs such as wind turbines, demand response
measures, and CHP plants to provide and augment ancillary services on the local grid network. The
seven year project developed Danish expertise with grid control technologies and the output of DERs that
are required to control power quality and synchronization with the larger grid, and that lead to design of
successful microgrids. The project, in part, was intended to island the low voltage distribution networks
and provide power through local DERs. Live field tests including a demonstration of the Cell Controller
were implemented in 2008 and continued through 2011.
49

Lewin, P. L., J. A ltus, G. A maratunga, R. Belmans, J. Blo m, H. Frank, L. Haarla et al. "Transforming Europe’s
Electricity Supply–An Infrastructure Strategy for a Reliable, Renewable and Secure Po wer System." EASAC policy
report 11, 2009.
50
Ibid
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After this successful demonstration, a Cell Controller project was launched on the Danish island of
Bornholm as part of the four-year EcoGrid EU smart grid project. The purposes of the project are
manifold: 1) to successfully balance the island grid with as much as 50% renewable energy sources
(wind, biomass and photovoltaics), 2) to engage electricity consumers in response to real time market
prices, 3) to gauge consumer response to real-time prices such as adoption of DR, and 4) to solicit
customer feedback on the perceived successes and failures of the demonstration.
The project involves 1,900 electricity customers and up to 100 industry/commercial buildings who are
provided real-time market prices in five minute increments. For commercial customers, the EcoGrid EU
project will test direct control options advanced building control software developed by Siemens. The
software integrates with the local building management system (BMS) and automates the decision
process of shedding loads (or not) based on minimizing costs and occupant discomfort.
Households, on the other hand, are divided into four groups:
1. Statistical control group: 200 households with smart meters but no access to specific information
or smart equipment.
2. Manual control group: 400-500 households with smart meters receiving simple market price
information. These users must manually change their energy consumption pattern themselves.
3. Automatic control group 1: 700 automated households with IBM Green Wave Reality equipment
and smart meters. All houses have heat pumps or electric heating all respond autonomously to
price signals.
4. Automatic control group 2: 500 automated households with Siemens equipment and smart
meters. All houses have heat pumps, or electric heating; all respond to aggregator control.
The EcoGrid EU project on Borhholm began in May of 2013 with system installations extending through
August 2013. The project continues with early field testing and will carry on the demonstration for the
next 2 to 3 years.
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The Netherlands – PowerMatching City
Started in 2007 as part of the EU-funded INTEGRAL program, the PowerMatching City developed, built
and demonstrated an integrated smart grid solution in Hoogkerk, (near the city of Groningen) The
Netherlands. The initial phase consisted of 25 interconnected households, and the purpose of the
demonstration was to optimize each stakeholder’s goals simultaneously using real-time energy market
information. The parameters were cost and comfort, both of which were optimized among the 25
households while managing market information from the local distribution grid.
The demonstration was facilitated by agent-based PowerMatcher technology which computes
simultaneous optimizations. Each household had a variety of “smart” technologies including microCHPs, hybrid heat pumps, hot water storage, electric cars, smart appliances such as freezers, washing
machines etc. which communicated via a single ICT solution. Project proponents explain concisely how
PowerMatching City worked in terms of the consumer/producer or “prosumer”:
The economic benefits for a prosumer can be maximized by continuously seeking the
highest profits for energy export towards the grid and minimizing the costs for import
from the grid. This provides the flexible reactive power for a smart grid. The real time
price is used as a balancing mechanism to express the scarcity or surplus of energy in the
grid. With the introduction of a transport tariff or energy tax, effectively the in-home
market is partly decoupled from the local electricity market. This introduces a preference
to consume the in-home produced energy and results in less flexibility to be provided to
the grid. 51
In 2011, Phase I results showed that the combination of technologies and control software deployed for
the demonstration allowed households to reduce peaks and flatten consumption curves, making it easier
for the grid operator to balance supply and demand. A 15 minute video of the project including
assessments by the household participants is available at:
http://www.youtube.com/watch?v=jBYPXF84f4s
Phase II, now under way, will focus on the development and demonstration of business models for new
electricity and heating services. Participation will be increased from 25 to 50 - 75 households and the
number of electric vehicles and charging stations will be increased. Different control schemes will be
offered to the end-users, based on real-time pricing. There are also plans to integrate results of

51

Bliek, Frit z W. A. van den Noort, B. Roossien, I.G. Kamphuis, J. de Wit, J. van der Velde, M. Eijgelaar,
PowerMatching City, a living lab smart grid demonstration. IEEE. Jan 01, 2010.
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PowerMatching City into normal energy market processes like allocation, reconciliation, and customer
billing. 52

52

Ibid.
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A.2

Microgrid Report Stakeholder Discussion Participants

The Massachusetts Clean Energy Center would like to thank the following groups for participating in our
microgrid stakeholder discussions :

Anbaric

MA Division of Capital Asset
Management

Boston Redevelopment Authority

MA Department of Energy Resources

Celtic Energy

Massachusetts Port Authority

City of Boston

Metropolitan Area Planning Council

Clean Energy State Alliance

Millennium Partners

ClearEdge Power

MIT Lincoln Laboratory

Constellation

National Grid

COWI

New England Clean Energy Council

DNV KEMA

NSTAR

EDF Climate Corps

NYU Law

Edison Electric Institute

Pareto Energy

Environment Northeast

Peregrine Energy Group

Greenwood Energy

PowerOptions

Harpoon Brewery

U.S. Department of Energy

Harvard University

UMass-Amherst

ISO-NE

Veolia Energy NA

Longwood Medical Energy Collaborative
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