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EXECUTIVE SUMMARY

Our research aims to address the question of how multinational electric and gas utility
National Grid can deliver safe, affordable, and reliable heat to the residents of Aquidneck
Island, Rhode Island in a manner that meets their carbon reduction goals. On January 21,
2019, National Grid was forced to shut down a significant portion of its natural gas distribution
system on the island. This resulted in a gas service outage to approximately 7,500 customers, or
just over half the island’s roughly 13,300 customers. Gas was shut off for some households for
up to seven days. Investigations of the incident showed that the outage was due to a low-
pressure condition in an upstream branch of the pipeline out of their operational control. As a
result, National Grid’s pipeline capacity to supply the island was effectively reduced on peak
days going forward. National Grid is now seeking innovative solutions on how to
reduce peak natural gas demand to continue to ensure reliable heating on the island. Through
this research, we seek to explore how National Grid can address their acute natural gas supply
constraint on the island in the short term while setting themselves up for longer-term
decarbonization of heating.

To begin, an Excel-based evaluation framework was created in order to determine
which technologies were the most promising as potential solutions. Each technology was
evaluated over categories which included time horizon, serving capability, costs, financial
return, environment, regulatory environment, and stakeholder support. These categories were
broken up into sub-categories, and each was graded on a scale of 1 to 5. By weighting each sub-
category and category by importance, we were able to arrive at a final composite score out of 5
for each technology. The results of this analysis revealed air- and ground-source heat pumps,
solar hot water, and district heating systems as the most impactful and feasible technologies
overall. Given the installation and operation characteristics of each technology group, we
recommend that National Grid focus on deploying air- and ground-source heat pumps in the
short term in the less population-dense areas of the island, with an eye on district heating in
the long term in areas with a more concentrated population.

Applying these technologies to Aquidneck Island, we estimate that in order to bring

peak natural gas demand back in line with pipeline capacity, roughly 50% of peak gas demand



for Middletown and Portsmouth would have to be shifted to air- or ground-source heat pumps.
Two potential pathways to achieve this would be by either focusing on the highest-

demand commercial and industrial customers first or on residential customers first. There are
advantages and challenges to each of these approaches based on use case feasibility and
stakeholder engagement.

Two promising zero-carbon district energy technologies we chose to investigate are
shared-loop geothermal systems and seawater-based district energy systems. A non-profit
called the Home Energy Efficiency Team (HEET) has piloted a model called a GeoMicroDistrict
which links residential and small commercial customers to a single large geothermal borehole
array. There are limits to the density of development which can be supported by
a GeoMiicroDistrict but could service greater than 90% of annual thermal loads in low- and
medium-density residential neighborhoods. In 2017, National Grid installed a shared-loop
geothermal system for ten homes in a manufactured home community called Glenwood Village
in Riverhead, NY with promising results.

In addition to geothermal energy, water can also be utilized as a carbon-free heat
source used to power a district energy network. Star Renewable Energy out of Glasgow,
Scotland has developed a large-scale heat pump called the Neatpump that uses an ammonia-
based working fluid to extract heat from water with a temperature as low as 38F. The
first Neatpump was installed in Drammen, Norway in 2011 to supplement the city’s existing
natural gas-based district energy system. The unit has 14MW of thermal capacity, serves 85% of
the city’s annual heating load, and can meet 50% of its peak load. The payback period was
roughly 4 years with an annual energy cost savings of €2 million per year.

Based on our research, we recommend that National Grid work to accelerate the
adoption of air- and ground-source heat pumps and begin planning for a zero-carbon district
energy network to ensure safe, reliable, affordable, and clean heat for the residents of

Aquidneck Island for years to come.
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INTRODUCTION

According to Maslow’s famous hierarchy of needs, thermal comfort is one of the basic
physiological requirements of all people (McLeod 2020). For centuries, humans have worked to
alter their ambient environments to make them more comfortable, ranging all the way from
starting fires in caves to adjusting thermostats in buildings. Achieving thermal comfort in a
variety of environmental conditions requires energy, and society’s fuel of choice has
transitioned over the centuries from biomass to fossil fuels. While it is clear that heating and
cooling are fundamentally important end uses of energy, if these services were delivered
without any greenhouse gas emissions, there wouldn’t be significant impacts to the climate.
Unfortunately, as shown in Figure 1, this is currently not the case.

Globally, 89.6% of all energy consumption related to heating and cooling in 2019 came
from sources which produced greenhouse gas emissions, including fossil fuels, traditional
biomass, and non-renewable electricity (IRENA 2020, 22). When combusted to produce heat,
these fuels emit greenhouse gases, which are the primary contributors to anthropogenic
climate change. Put another way, satisfying one of the basic human needs of comfort in one’s
surroundings has historically contributed to the destabilization of the climate. As a result, the

world must shift to creating heat without creating emissions in the coming years.

Figure 1. Share of energy sources in total final energy consumption

for heating and cooling, 2019 (IRENA, 2020)
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Developers of the heating systems of the future must also consider that because the
Earth is unevenly heated by the Sun, demand for heating and cooling services varies widely
around the world. A common measure of the need for thermal adjustments is the “degree-
day”, or on a given day, the difference between the average of the daily high and low outdoor
temperature and a standard indoor temperature of 65F. If the maximum daily outdoor
temperature is 85F and the minimum is 65F, then the daily average is 75F and therefore there
are 10 cooling degree-days (CDD) required to bring that 75F air down to 65F for one day. If the
daily average temperature falls to 40F, then there are 25 heating degree-days (HDD) required
to bring that 40F outdoor air up to 65F for one day. Two days in a row of those same conditions
would require 50 HDD in total (U.S. EIA 2020). A global modeled distribution of total annual

HDD is shown in Figure 2.

Figure 2. Global modeled distribution of heating degree-days (Mourshed 2016)
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As is clear from the figure, the greatest needs for heating are in the latitudes outside 30°
N and 30° S. The areas with significant but not extreme heating need are shown in yellow and

green in the figure. Generally, these are more developed areas of the world, and therefore



emerging strategies for sustainable heating can presume to use the infrastructure of the
developed world to deliver these solutions. This infrastructure includes a robust and reliable
electricity grid, standard building codes, and relatively stable political and social institutions.

According to the Intergovernmental Panel on Climate Change (IPCC), limiting global
warming to 1.5°C will require reducing emissions by approximately 45% from 2010 levels by
2030 (IPCC, 2018). Therefore, the actions taken within the next decade will greatly influence
our chances of stabilizing the climate within globally agreed-upon warming levels. The unique
challenge with the replacement of heating infrastructure in buildings is the fact that once
installed, the useful life of systems is often greater than 20 years (Conditioned Air, Inc. 2019).
This means that with a target of net-zero emissions by 2050 in mind, every installation starting
in 2030 needs to be zero-emission-compatible in order to reliably meet global goals while
minimizing stranded assets. Since there are still fossil fuel-based heating solutions being
installed today, these technologies must be phased out until they are no longer being newly
installed as of 2030. Therefore, zero-emission-compatible heating technologies must account
for all installations by 2030, and then as the building stock goes through natural replacement
between 2030 and 2050, the coverage of zero-emission technologies in the residential and
commercial sectors will be complete.

While the parallel challenges of climate change and infrastructure replacement can be
hard to grapple with due to their immense scale and scope, it is often useful to examine
localized case studies to understand what challenges are facing companies today and what the
path forward looks like. In cooperation with multinational electric and gas utility National Grid,
our team of students in the Duke Fuqua Client Consulting Practicum (FCCP) had the opportunity
to see how a large utility was making decisions while considering policy, financial, and
stakeholder constraints in order to map out the future of heating. Our consulting work with

National Grid from November 2019 through April 2020 formed the basis of this report.

CLIENT CONTEXT

National Grid is a multinational electric and gas utility headquartered in London,

England which serves parts of the United Kingdom as well as the northeastern United States.



National Grid owns and operates over 9,000 miles of overhead transmission in portions of New
York, Massachusetts, Rhode Island, New Hampshire, and Vermont (National Grid n.d.). In
addition, they own and operate approximately 36,000 miles of natural gas pipeline

(callmepower.com 2020). National Grid’s U.S. service territory is shown in Figure 3.

Figure 3. National Grid’s U.S. service territory (callmepower.com 2020)
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Within National Grid’s service territory, our project focuses on Aquidneck Island, Rhode
Island. Aquidneck Island is an island in Narragansett Bay which houses a population of 60,000
residents split between the cities of Newport, Middletown, and Portsmouth. The primary
industries on the island are tourism and hospitality along with limited industrial activity. The
United States Navy is National Grid’s largest customer on the island, and they operate a base at
Naval Station Newport. There are roughly 13,300 residential and commercial gas accounts in
total on the island, with usage concentrated in downtown Newport and southern Middletown
(National Grid 2020, 20). Aquidneck Island, like the rest of the Rhode Island, is subject to
Executive Order 20-10, signed by Governor Raimondo in January 2020. The executive order set

a state-wide goal to meet 100% of electricity demand from renewable resources by 2030 and



directs their Office of Energy Resources to construct a strategic path to this goal (Raimondo,

2020).

Figure 4. Map of Rhode Island with Aquidneck Island highlighted (Wikipedia, 2021).

On January 21, 2019, National Grid was forced to shut down a significant portion of its
natural gas distribution system in Newport and Middletown, resulting in a gas service outage to
approximately 7,500 customers, or just over half the customers on the island (Newport Daily
News, 2019). Gas was shut off for some customers for up to seven days, resulting in the
governor of Rhode Island to declare a state of emergency for the area. Investigations of the
outage showed that it was due to a low-pressure condition on a branch of the Algonquin
pipeline, which is the part of the interstate natural gas pipeline that serves most of the
Northeast and, consequently, Aquidneck Island (State of Rhode Island, 2019). Ultimately, this

low-pressure condition was due to three factors:

1. Cold temperatures caused demand for natural gas to rise above contractual limits.
2. The power system at an upstream liquified natural gas (LNG) vaporization facility

failed and shut down the vaporizers, further reducing the supply of natural gas.



3. Avalve located along the Algonquin pipeline at a meter station upstream of
Aquidneck malfunctioned, resulting in the valve repeatedly opening and closing and

restricting the flow of gas (State of Rhode Island, 2019).

After the outage event, National Grid learned that the gas supply flexibility that had
previously allowed them to effectively serve their customers on the coldest days was no longer
available because total demand for natural gas in the Northeast had outpaced pipeline
capacity. This effectively reduced the capacity available to National Grid compared to what was
available in the past. As a result, the company could no longer reliably meet peak demand on
Aquidneck Island with the pipeline alone, and they addressed this situation by trucking in LNG
to supplement the available supply on days when demand on the island is highest. However,
National Grid recognizes that this is a short-term solution. The gap between firm natural gas
supply capacity and peak demand on Aquidneck Island, as shown in Figure 5, is expected to
grow in future years. Peak demand must be reduced by approximately 15% in order to avoid
the continued trucking of LNG (National Grid 2020, 3-6). National Grid is therefore seeking
innovative solutions on how to reduce peak natural gas demand or increase capacity to
continue to serve Aquidneck Island.

In addition, National Grid has made a company-wide commitment to reduce their direct
greenhouse gas emissions to net zero by 2050 (Pettigrew 2019). This is a significant
commitment, and combined with their other internal commitments like achieving 67% zero-
carbon electricity supply by 2030 (National Grid 2018, 2) and policy and regulatory measures
aimed at fostering decarbonization, these constraints must inform their long-term planning. It is
within this context that National Grid faces decisions on how to proceed with its investments in
infrastructure on Aquidneck Island.

Our research aims to address the question of how National Grid can deliver safe,
affordable, and reliable heat to the residents of Aquidneck Island in a manner that meets their
carbon reduction goals. Put another way, we aim to explore how National Grid can address
their acute natural gas supply constraint on the island in the short term while setting

themselves up for longer-term decarbonization of heating.
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Figure 5. Graph of forecasted Aquidneck Island design day demand in excess of pipeline

capacity, 2019-2035 (National Grid 2020, 4).
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STUDY METHODOLOGY

As a first step towards answering our research question, our team brainstormed all the
ways in which thermal comfort could be provided to customers without creating net emissions.
After considering a wide range of options ranging all the way from modular nuclear plants to
providing customers with extra blankets, our team settled on the following technological
approaches to heating to include in our evaluation: air-source heat pumps, ground-source heat
pumps, solar hot water, hydrogen, waste-to-energy systems, renewable natural gas, and district
heating.

Each technology was evaluated over seven categories chosen to comprehensively
evaluate its performance relative to National Grid’s priorities. Each category was then broken
up into sub-categories that were rated on a scale of 1 to 5. By weighting each sub-category and
category, we were able to arrive at a final composite score out of 5 for each technology. An
Excel-based model was developed that allowed for dynamic changes to all inputs as was
presented to National Grid as a deliverable. Figure 6 shows a table of all metrics considered in

our analysis.
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Figure 6. Table of evaluation metrics included in Excel model.
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Financials, including cost and return analysis, were weighted to be the highest priority
item as any decisions were required to continue to make sound business sense while being fair
to ratepayers. The costs that were taken into account were the total annual capital expenditure
of the project as well as the total operating costs of the projects, normalized to $/kW/year. As a
reference, all costs were compared to the capital expenditure and operating costs of a gas
boiler. Additional costs that might occur if the technology was retrofitted onto an existing
system as opposed to newly built were also considered in the scoring.

Environmental considerations, in line with National Grid’s internal commitments as well
as carbon reduction commitments by the state of Rhode Island, were the second highest
priority. Technologies were evaluated over their greenhouse gas emissions as well as other
impacts to the surrounding environment. The score was heavily weighted toward greenhouse
gas emissions where a score of 3 was considered on par with the emission rate of natural gas-
fired power plants of 0.91 Ibs. CO, per kWh (U.S. EIA, 2020).

Service capability was the third highest priority metric, which evaluated the
technology’s ability to meet the heating demand of different customer segments. Across all
segments, we assumed that the continued expansion of energy efficiency and other peak

demand reduction programs would be a given. Each technology was evaluated based on the
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percentage of household gas demand it had the ability to displace. Lastly, the capacity factor of
the technology was included in the formulation.

The fourth-highest priority metric looked at stakeholder opinions and the current
regulatory environment. Regulatory opposition would induce further roadblocks that would
delay deployment. Each technology was evaluated on whether there was existing regulation
that opposed, supported, or did not exist for the technology.

Lastly, time horizon was taken into consideration to determine how long it would
feasibly take to deploy each technology. The total time considered for deployment was the sum
of our estimates for the years until the technology is proven, the pre-construction period, and
the construction period itself.

Our evaluation determined that the four highest scoring technologies were air-source
and ground-source heat pumps, solar hot water, and biomass district heating. Based on our
conversations with National Grid, it was estimated that up to 80% of peak natural gas demand
is attributable to space heating with only roughly 10% attributable to water heating. Therefore,
significant deployments of solar hot water systems would not impact peak gas demand at the
same scale as deployments of space heating technologies. As a result, solar hot water systems
were excluded from further analysis. The results of our analysis are summarized in Figure 7 and
Figure 8.

Figure 7. Final scoring of all considered technologies.
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Figure 8. Scoring of considered technologies broken down by category.
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STRATEGIC ROADMAP

With the three most promising technologies selected from our evaluation framework,
we then set out to determine how these solutions could most optimally be deployed on
Aquidneck Island. Our first step was to map these options onto the existing geographic
distribution of natural gas accounts on the island. Using data provided by National Grid, we
were able to construct Figure 9, which shows the location of existing natural gas accounts on
the island as of late 2019. The figure is color-coded by town, with Portsmouth in the north in
red, Middletown in the middle in green, and Newport in the south in purple.

It is clear from the distribution that the clean heating technologies that are deployed in
Newport and southern Middletown will have to serve a higher density of demand compared to

northern Middletown and Portsmouth.

Figure 9. Geospatial distribution of all natural gas accounts on Aquidneck Island.
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With this in mind, we recommend that air- and ground-source heat pumps be deployed
in the northern two-thirds of the island and that district energy solutions be explored for
meeting the demands of downtown Newport. This recommendation is depicted in Figure 10. In
addition to geographic considerations, dividing the technologies into short-term and long-term
solutions can also help National Grid prioritize which technologies to focus on first. Given the
installation and operation characteristics of each technology group, we recommend focusing on

air- and ground-source heat pumps in the short term, with an eye on district heating in the long

term.

Figure 10. Geographically tailored technology deployment recommendations.
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Short-Term Solutions

Given the installation and operation characteristics of air-source and ground-source
heat pumps, we recommend that these two technologies be explored as short-term solutions

to reducing peak natural gas demand.

Air-Source Heat Pumps

As the name suggests, air-source heat pumps derive their heating and cooling services
from a refrigerant’s ability to absorb heat from ambient air, transport it, and release it either
inside a building to heat it or outside a building to cool it. Put another way, air-source heat
pumps are air conditioners that can reverse themselves such that they can produce either
heating or cooling depending on the conditions (Service Champions 2017). A basic schematic of
an air-source heat pump serving to heat a house in the winter and cool a house in summer is

shown in Figure 11 (Reed, 2018).

Figure 11. Operation of a heat pump across seasons (Reed, 2018).
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While the technology underpinning air-source heat pumps has been around for
decades, recent advancements in the technology mean that modern units are now suitable for

deployment in all climates across the United States. According to the Rocky Mountain Institute
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(RMI), air-source heat pumps have become the subject of policy goals in some of the nation’s
coldest states in recent years. Maine’s 2020 Climate Action Plan set a target to have heat
pumps installed in 245,000 homes, or 48% of the state’s housing stock, by 2030 (Gartman and
Shah 2020). The state of Vermont’s efficiency utility, Efficiency Vermont, has tripled its annual
installations of heat pumps between 2015 and 2019 and now has installed over 17,000 units
(Storrow 2019). Another RMI analysis also shows that over the course of a 15-year expected
lifetime and using projections for future electricity grid fuel mixes, new air-source heat pumps
powered by grid electricity will have lower emissions than new gas furnaces in 48 out of the 50
states, with Wyoming and Utah as the current outliers (McKenna, Shah, and Silberg 2020).
Taken together, these targets signal a shift in the future of home heating. Air-source heat
pumps will become increasingly cost-competitive as manufacturing capabilities and

deployments increase.

Ground-Source Heat Pumps

Ground-source (also called geothermal) heat pumps work similarly to air-source heat
pumps, but instead of concentrating heat found in the ambient air and circulating it around the
building, these systems exchange heat with the Earth underground. At a depth of roughly 6
feet, the Earth’s temperature is relatively constant. Depending on latitude, this temperature
can be between 45°F and 75°F (U.S. Dept. of Energy), and the differential between this
underground temperature and the ambient air temperature can be used to warm buildings in
winter and cool buildings in summer. A diagram of a ground-source heat pump’s operation is
shown in Figure 12.

With both ground-source and air-source heat pumps, claiming that these technologies
are emissions-free implies the fact that the electricity used in them is emissions-free. While this
will not be true in the short-term, if power sector emissions continue to decrease in line with
the goals set by 17 states and 46 utilities to provide only carbon-free electricity by 2050
(Lawrence Berkeley National Laboratory 2021), the use of heat pump technologies will continue

to be increasingly clean over time.
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Figure 12. Diagram of a ground-source heat pump’s operation

to cool a home. (Dandelion Energy 2020)
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Applying these technologies to Aquidneck Island, we estimate that in order to bring
peak natural gas demand back in line with pipeline capacity, roughly 50% of peak demand for
the northern towns of Middletown and Portsmouth would have to be shifted to air- and
ground-source heat pumps. Two potential pathways to achieve this would be by either focusing
on the highest-demand commercial and industrial customers first or on residential customers
first. There are advantages and challenges to each of these approaches. On the commercial and
industrial side, there would be fewer customers to convert to make an impact, but heat pumps
may not be suitable to meet the demands of all customers, especially in the industrial segment.
On the residential side, heat pumps are proven to meet residential demands, but there would
be many more customers that would have to be converted in order to make an impact in peak
natural gas demand. As with many decarbonization pathways, both options face challenges,
and each would require the support from policymakers, the business community, and citizens

to be successful.
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Technical Note: Exergy Efficiency and Coefficient of Performance

In addition to saving emissions, heat pump technologies represent a step forward in an
effort to “right-size” heating for the end use in residential and commercial settings. The
combustion of fossil fuels can produce temperatures in excess of 3000°F, but in most space
heating applications, the desired result is an ambient temperature around 65°F. This
discrepancy results in poor exergy efficiency, or the ratio between the amount of work actually
performed and the amount of work that could have been performed. Put differently, energy
efficiency can be thought of as a measure of how well you accomplished what you set out to
do, while exergy efficiency is the ratio of what you ended up doing compared to what you could
have done from the same starting materials (Bean and Nelder, 2017). The 3000°F temperature
could have been used to perform useful work in a variety of ways, but this potential is mostly
lost in heating the surrounding air to 65°F. Taken more broadly, the continued use of fossil fuels
for heating prevents future generations from producing these high temperatures as easily
because once a unit of fossil fuels is combusted, it cannot be reused. As a non-renewable
resource, no similarly energy-dense fuel will be created through natural processes for
thousands of years. Instead of starting from such a high temperature, investing in processes
that produce heat in the 100-200°F range to heat spaces to 65°F is much more exergy efficient
(Bean and Nelder, 2017). Fortunately, this concept of exergy efficiency favors many of the
sustainable heating technologies currently being deployed around the world.

Another such metric that favors heat pump technologies is that of the coefficient of
performance (COP). The coefficient of performance is the ratio of the amount of useful heat
output divided by the energy input required. Heat pumps generally have a higher COP than
many fossil fuel-based heating methods because the heat pumps do not generate their own
heat through combustion. Instead, heat pumps take existing heat in the environment,
concentrate it, and move it to be felt by the end user. This allows for a much more efficient
generation of heat than other technologies. Heat pumps compare favorably from an efficiency
perspective to electric resistance heating as well. A perfectly efficient electric resistance heating
system would convert 1 kWh of electricity into 3,412 BTU of heat, whereas a perfectly efficient

heat pump with a coefficient of performance (COP) of 3 could use that same 1 kWh to
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concentrate and move 3,412 x 3 = 10,236 BTU of heat to be felt by the end user. While there

are losses in conversion, heat pumps are commonly more than 100% efficient.

Long-Term Solutions

While solutions like the broad deployment of air- and ground-source heat pumps will
help alleviate peak natural gas demand on Aquidneck Island in the short term, these solutions
will not solve the fundamental challenge of fossil fuel dependence and infrastructure lock-in. At
some point in the future, the natural gas infrastructure on Aquidneck Island will have to be
either updated or replaced with what is likely to be a substantial investment. If this investment
is into more natural gas infrastructure, then the island is committing to burning more fossil
fuels for the lifetime of those assets. Alternatively, if this investment is into solutions that can
deliver zero-carbon heating, then it will set the island on a path towards meeting the carbon
reduction goals of both the state of Rhode Island and National Grid. All long-term solutions
under consideration should either serve to limit the number of new customers who request
connections to a gas line, reduce the number of existing customers relying upon current gas
infrastructure, or both. With these goals in mind, the most promising long-term solutions fall

under the umbrella of district energy systems.

District Energy

In the early days of electricity in the late 19th century, individual buildings generated
their own power for interior lighting using coal-fired dynamos, which were usually located in
the building’s basement. As this model spread and more and more buildings purchased their
own dynamos to generate electricity, businessmen including Thomas Edison and Samuel Insull
realized an opportunity. Seeing the redundancy in putting a dynamo in every basement, a
transition occurred to larger centralized generating stations distributing electricity to a number
of customers at once. The combination of the centralized generator’s ability to defray their

capital costs among a large number of kilowatt-hours sold with their ability to flatten their
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system’s load profile by combining loads across customers drove down the cost per kilowatt-
hour. This made electricity more widely accessible and eventually led to the rise of the modern
electric utility (Bakke 2017). A similar phenomenon can occur with heating and cooling in areas
with sufficient density of demand. Instead of having individual buildings install their own
separate heating and cooling systems, sharing a proximal “thermal grid” may be able to
produce some of the same benefits that were first realized in the electricity sector over a
century ago.

In its simplest form, a district energy system uses a single source of energy to serve
more than one building (Tredinnick 2013). The buildings that are connected to the district
energy system share in the energy produced and can use the system to potentially balance out
nearby heating and cooling loads. For example, if a building that requires heating is close to one
that requires cooling at the same time, the waste heat rejected from the cooling load can be
used to heat the heating load, and vice versa. Overall, this system allows for a more efficient
use of energy than constructing individual building systems and avoids potentially overbuilding
thermal service capacity in a given geographic area. In the United States, district heating and
cooling systems are currently limited in their deployment and are often found on university or
hospital campuses. However, there are some interesting technologies in the district energy
space that are worth noting as potential models for future emissions-free technology
deployments on Aquidneck Island. Two promising zero-carbon district energy technologies are
shared-loop geothermal systems and seawater-based district energy systems, and their

proposed implementation areas on Aquidneck Island are shown in Figure 13.
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Figure 13. Proposed implementation areas for district energy technologies on Aquidneck Island.
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Case Study: Home Energy Efficiency Team (HEET) - Cambridge, MA

A non-profit exploring the feasibility of neighborhood-scale shared-loop geothermal
systems is the Home Energy Efficiency Team, or HEET, based in Cambridge, Massachusetts.
Their model, called the GeoMicroDistrict, links residential and small commercial customers to a
single large geothermal borehole array and allows customers to both share their thermal loads
and the costs of the system (HEET 2020).

Because the Earth can only accept and reject heat at a given rate, there are limits to the
density of development which can be supported by a GeoMicroDistrict. According to the
feasibility study conducted by HEET in partnership with BuroHappold Engineering,
GeoMiicroDistricts could service greater than 90% of annual thermal loads in low- and medium-
density residential neighborhoods, as well as in medium-density mixed-use settings. However,

in a high-density mixed-use setting, the system could only meet 34% of the thermal needs
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(HEET 2019). Therefore, this system is ideally suited for suburban developments, but may not
have the capacity for urban applications. In order to service cities, other sources of energy must

be considered either as supplements to geothermal energy or as higher-capacity replacements.

Figure 14. Schematic of HEET’s GeoMicroDistrict (HEET 2019).
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Case Study: National Grid - Riverhead, NY

While HEET has been at the forefront of research into the feasibility of shared-loop
geothermal systems, National Grid successfully installed one of these systems for ten homes in
a manufactured home community called Glenwood Village in Riverhead, NY. Touted as the
“first time a utility is installing a [ground-source] loop system not to serve one customer but a
whole community” (Civiletti 2017), the purpose of the project was to learn about homeowner
experiences with such a system and to evaluate the feasibility of transitioning parts of National
Grid’s natural gas business to installing and running shared-loop geothermal systems, especially
at the edge of the existing gas distribution network. In order to be eligible for participation in
the pilot project, the homes had to be located more than 1,000 feet from an existing gas main

and use fuel oil or kerosene as the primary heating fuel (National Grid 2020, 3).
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According to National Grid’s reports filed with the Massachusetts Department of Public
Utilities and the New York Public Service Commission, the results of the multi-year project were
very promising. The company realized that the underground heat exchanger is similar to natural
gas utility infrastructure in many ways, and therefore the companies’ existing core
competencies could be leveraged in deploying this low-carbon solution. Customers reported
comfort-related benefits over the oil-fired boilers that the system replaced, including
“improved air quality, quiet equipment operation, simplicity, and more even distribution of hot
and cold air.”(National Grid 2019, 52) While higher upfront costs are currently a barrier to
adoption, National Grid proposed owning and operating the underground heat exchangers and
the pumps necessary to circulate the system, which would allow the costs to be spread out of
the full useful life of the assets (National Grid 2020, 28). This business model innovation may be
key to unlocking widespread deployment of shared-loop geothermal systems as utilities

transition away from natural gas.

In applying shared-loop geothermal technology to the needs of Aquidneck Island, these
systems appear to be the most suitable for areas that either have a defined cluster of accounts
or are areas with buildings that are not connected to the gas network currently but may
request a connection in the future. Some of the most promising areas are within the town of
Portsmouth and are highlighted in Figure 15.

Further studies are required to determine the feasibility of shared-loop geothermal
meeting the needs of specific customers, but these areas mark a logical starting point for

exploring the deployment of this technology on Aquidneck Island.
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Figure 15. Highest potential impact areas for deployment of shared-loop geothermal systems.
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Case Study: Star Renewable Energy - Drammen, Norway

Geothermal energy is not the only carbon-free energy source that can be used to power
a district energy network. With major population centers often found near water, tapping into
the thermal storage properties of water bodies is another potential solution for district energy
systems. One of the key challenges in these systems is the ability of the heat exchanger to
capture enough diffuse low-grade heat from the water and concentrate it up to a usable
temperature for district heat while avoiding the usage of high-global warming potential (GWP)
refrigerants. Star Renewable Energy from Glasgow, Scotland achieved this engineering
breakthrough when it developed a large-scale heat pump called the Neatpump that uses an
ammonia-based working fluid to extract heat from water with a temperature as low as 38F and
concentrate the heat up to 190F for distribution (Star Refrigeration 2020).

The first Neatpump was installed in Drammen, Norway in 2011 as an addition to the

existing natural gas-based district energy system which serves the city of 65,000 residents
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(Anderson 2015). The unit has 14MW of thermal capacity and now serves 85% of the city’s
annual heating load and 50% of its peak load by exchanging heat with the waters of the
neighboring fjord (Lazinski and Pearson, 2020). The system paid for itself in roughly 4 years
through an annual energy cost savings of around €2 million per year for the city. According to
Dave Pearson, a director at Star Renewable Energy, the world is “slowly waking up to the idea
that we don’t need to burn new fuel to heat things up” and that “we can harness heat in the
local environment” (Anderson 2015). This carbon-free heating success story shows another

potential path forward for district energy systems.

Figure 16. Images from the interior (L, Anderson 2015) and exterior (R, Star Refrigeration 2020)

of Star Renewable Energy’s Neatpump in Drammen, Norway

In applying the Neatpump to Aquidneck Island, we estimate that installing this system to
meet the needs of downtown Newport would require four 14MW units to meet 85% of the
city’s annual heating demand. The substantial electricity input required could be sourced
directly from future offshore wind farms that are planned as part of Rhode Island’s
decarbonization strategy for the electricity sector. In addition to the grid constraints, the
financial and logistical feasibility of building a district energy system in a historic downtown
area must be studied as well.

While the district energy model can be adapted to fit a variety of energy sources and
geographies, there are constraints on its deployment on both ends of the demand spectrum.

On one end, a lack of sufficiently concentrated demand and infrastructure costs associated with
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connecting disparate buildings makes district projects infeasible in rural or less densely
developed areas. On the other end, with highly concentrated demand in urban settings, the
demand for heating and cooling may exceed the ability for natural heat sinks to absorb the
required energy over time. Therefore, technologies that focus on the energy demands of the
built environment and increasing energy efficiency are necessary complements to district

energy solutions and will help enable their success over time.

CONCLUSION

The tension between the usage of existing natural gas assets, meeting growing heating
demand, and decarbonization goals will play out over the next few decades in the context of a
warming world and a changing climate. National Grid has a unique opportunity to define what
the future of heating may look like through its decisions on Aquidneck Island. Through forward-
looking choices and the exploration of zero-emission compatible solutions, Aquidneck Island
could become a model for communities facing similar choices in the future. We recommend
exploring the deployment of air- and ground-source heat pumps, shared-loop geothermal
systems, and seawater-based district heating systems to alleviate peak demand pressure on
National Grid’s existing natural gas capacity.

For further reading on National Grid’s approach to Aquidneck Island’s energy future,
please see their September 2020 report titled “Aquidneck Island Long-Term Gas Capacity
Study” which is available online. This project’s research informed the “Heat Electrification”

section on pages 63-69.
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