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Good afternoon Chair Constantinides and members of the Committee on Environmental
Protection. My name is Anthony Fiore and I am the Deputy Commissioner and Chief Energy
Management Officer for the Department of Citywide Administrative Services (“DCAS”). -
Joining me today is Ms. Ellen Zielinski, Director of Clean Energy and Innovative Technologies
at DCAS and Mr. John Lee, Deputy Director of Buildings and Energy Efficiency for the Mayor’s
Office of Sustainability. Thank you for the opportunity to testify today regarding the potential
use of solar water heating and thermal energy systems on City-owned buildings.

.Background
As part of the One City: Built To Last climate action plan, this Administration set forth an

ambitious goal (vision) for reducing citywide greenhouse gas (“GHG”) emissions 80 percent by
2050 over a 2005 baseline known as “80 x 50”. Recognizing its own impact on greenhouse gas
emissions, this Administration is leading by example to reduce greenhouse gas emissions from
municipal buildings 35 percent by 2025. I would also like to acknowledge the tremendous
partnership between the Administration and this Committee. We have done a lot of great work
over the years with more to come.

A key component to reaching our GHG emissions reduction goals is the installation of clean
energy technologies at our City facilities, and we have a goal to install 100 megawatts or more of
solar PV power generation capacity on City-owned properties by 2025 (“100 megawatt goal”).
To date we have 8.9 MW of solar PV installed and another 20 MW in the process of being
planned and installed. :

~ In addition to standard rooftop solar PV, DCAS has actively been assessing and installing
alternate clean energy technologies including fuel cells, battery storage systems, building
integrated photovoltaics, wind, geothermal and solar thermal. Over the past few years, fourteen
solar thermal systems have been installed on municipal properties.



Solar Thermal and Public Buildings.

Solar thermal is best suited for buildings that have a 24 hour domestic hot water demand and
high water heating costs stemming from showers, swimming pools, cooking and dishwashing
purposes. Examples for suitable buildings would be large residential buildings, dormitories or
gymnasiums, with around the clock hot water usage. Because of the need for a high hot water
demand, City-owned and operated buildings largely do not have the ideal water-usage
characteristics needed to take full advantage of the benefits and core purpose of solar thermal
systems, namely offsetting the fuel use and costs for hot water heating. Buildings such as
schools, office buildings, court houses, police precincts, and sanitation garages, which comprise
90% of DCAS’s portfolio, are not ideal candidates, as they have inadequate hot water demand to
make solar thermal projeéts economically viable.

Solar Thermal Méintenahce and Oversight

~ In addition, solar thermal requires dedicated maintenance and oversight. Unlike solar PV, which
has passive system components and only requires relatively simple maintenance by an
electrician, solar thermal systems are mechanical systems that have many moving parts including
pumps, tanks, controls systems, solar collectors, pressurized piping, and heat exchangers. These
systems are much more complex than solar PV and they require dedicated skilled electricians
and plumbers to maintain. Commissioning and recommissioning of the system is also required.
The equipment requires regular checks and monitoring as failure of system components is
possible. More than 20 percent of the systems installed on public facilities to date completely
failed due to multiple reasons including freezing, control system failures and external system
damage (birds and golf balls) and at least two other systems required repair work. If one
collector fails, it can shut down the entire system, unlike solar PV, where one failed panel has
less negative effects on the larger system. ' '

Our City agency partners have expressed to us that they do not have staff that are trained in solar
thermal maintenance and operation. Based on our experience with solar PV, it is critical to have
adequate staffing and expertise in place to ensure proper operation and system longevity. To
address this need for the comparatively low-maintenance solar PV systems of DCAS’s
expanding solar PV program, we are developing an operation and maintenance plan and a
maintenance and repair contract. In addition, we are rolling out a solar PV training course for
City employees, so staff are knowledgeable about the solar PV systems on their rooftops. No
such arrarigements have been made for solar thermal systems, and additional and distinct
programing and resources would be required.

Poor Return on Investment for Existing projects

DCAS worked with the New York Power Authority (NYPA) and FDNY to install solar thermal
systems on five firehouses in 2013. The total cost of the five projects was $778,014 and had an
average payback of 80 years; at these firehouses the hot water demand was insufficient to make
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each project cost effective. These projects suffered from a number of problems, and within one
year all systems were compromised and in need of repair. Three out of five were not functioning
entirely. The systems are now being repaired.

Complexity of Assessments

Because of the multiple components that a solar thermal system contains the rather
straightforward analysis to assess a building’s potential for solar PV is not replicable with solar
thermal systems. A considerable facility specific engineering analysis is needed to determine if a
solar thermal system is feasible. An analysis of a building’s domestic hot water demand and
heating fuel costs associated with hot water supply as well as an assessment for space for
collectors, pipe runs, penetrations, existing equipment locations and space for the additional
equipment like heat exchangers. Given this complex process, it is much more difficult to
determine the solar thermal potential for a City building. Unlike solar PV, DCAS and City
agencies do not have the resources to assess every City building for solar thermal. |

Pathway to 80 x 50

Most important, several studies have demonstrated that electrification of heating systems
combined with a renewable energy supply will be needed to obtain the levels of greenhouse gas
emission reductions necessary to prevent catastrophic climate change impacts. The City’s own
studies conducted with a broad range of stakeholders including leaders in real estate,
architecture, engineering, construction, finance, affordable housing, and environmental justice
came to the same conclusion. Solar thermal systems compete for the same roof space used for
solar PV installations that would support electrification of heating systems and could
significantly delay a necessary transition to electrification.

Importantly, however, we recognize that solar thermal systems can be good practice in New
York City in settings where substantial hot water demand can be met with renewable energy
rather than fuel oil. As the technology continues to improve, the use cases for solar thermal may
also expand. This recognition is why we worked with the Committee on Environmental
Protection last year to allow for the exploration of solar thermal technology as an alternative
sustainable roof use when crafting Local Law 24, which supports our existing solar PV program
on City-owned buildings.

However, with the knowledge that solar thermal is unlikely to be the most environmentally and
fiscally beneficial option for the City’s portfolio of buildings, we offer our continued partnership
to work with this Committee to explore alternative means of supporting the private market for
solar thermal in New York City. While our research demonstrates that electrification of heating
systems is currently the more effective path to reduce on-site combustion for heating needs, we
should nevertheless offer support for New York residents and businesses who choose to explore
solar thermal based on personal preference.



Conclusion -

DCAS is fully committed to pursuing clean energy technologies, however based on our
experience with the solar thermal systems implemented to date, the opportunity for effective use
of these systems across the portfolio of municipal buildings is limited. For all of the reasons just

elucidated and the significant effort required to perform a reasonable feasibility study it does not
~ appear to be a prudent investment at this time. DCAS takes seriously its responsibility to lead by
example to help the city attain its 80 x 50 greenhouse gas reduction target, particularly by
demonstrating innovative clean energy technologies. To that end, we are certain we can find
common ground with the Council to help move away from dependency on fossil fuels. We
support a continued dialogue with the solar thermal industry and our agency partners to unlock
new opportunities for solar thermal as the technology progresses to speed up the deployment of -
clean energy technologies and improve air quality and public health outcomes.

Thank you again for the opportunity to testify this afternoon. My colleagues and I would be "
happy to answer any questions you may have.



Considerations for Solar Thermal Energy Use in New York City Buildings
Gaylord Olson
February 25, 2017

Solar thermal collectors and related systems can play a very significant role in reducing energy use in
NYC buildings. Their use will be determined by the building size, shape, and available nearby area for
collector installation. The largest and tallest buildings in the city have a lesser possibility for near term
solar thermal use, but the opposite is true for all buildings that have a relatively large roof or parking lot
area nearby. In considering this topic it is important to recognize the different types of collectors that
could be used.. There are four types that can be considered for NYC buildings or nearby. ground areas:

1. Glazed flat plate collectors

These usually have a metal absorber plate with fluid channels spaced several centimeters below a
glass window or glazing surface.

2. Evacuated tube collectors

These use an array of glass cylinders within which is a vacuum for insulation and an absorber
surface to allow for heating of either water or other specialized heat exchange fluid.

3. Unglazed collectors

These consist of black plastic absorber surfaces or cylinder arrays that have water or antifreeze fluid
flowing in small diameter channels but no glass window.

4. Concentrating. collectors

These generally use moving reflective surfaces to maintain an optimum pointing angle relative to
the direction of the sun. The most common types use moving parabolic cross-section reflectors.

The first three types above are by far the most likely to be used in NYC. The concentrating collectors
are more likely to be used in desert areas for generating steam for either industrial processing or
electricity generation. There is some use of this collector type for small scale and/or rooftop use
elsewhere in the world: www.absolicon.com

For a good overview of the comparisons and details of construction and use of these collectors, a good

starting point is here:  https:/en.wikipedia.org/wiki/Solar thermal collector

Of course there are textbooks that also cover solar thermal technology in great detail. The goal for this
document is to suggest what might be the most cost-effective way to put this technology to use in NYC
and what combinations of other related technology can be synergistic in this use. It should be

_ recognized that for any. given rooftop or ground area, there may be competition between advocates of
solar electricity generation and solar thermal generation. There are three important facts that should be
kept in mind for this comparison:



1. Solar-electricity will be much less expensive when it comes from a large array on-an open field
somewhere away from a city. The largest open field arrays for solar electricity generation are half the
cost of small rooftop generation for a given amount of power:

2. Solar electricity placed on the power grid can be transferred over many hundreds of miles with
negligible loss. The same is not true for solar thermal energy..

3. From a fundamental energy conversion standpoint, solar thermal collectors can convert sunhght to
thermal energy with nearly 100 percent eff1c1ency Solar photo-voltaic (PV) generation is typically less
than 20 percent efficient.

These facts lead to the conclusion that NYC rooftops and nearby ground areas might be best used for-
solar thermal collection and not for salar PV electricity. With the expansion across the U.S. of
community solar farms, ownetship of solar PV generation can be extended to everyone, regardless of
rooftop ownership.

Solar thermal energy has two general types of use in NYC buildings:.
1. Domestic hot water (sinks, showers, laundry, kitchen, etc.)
2. Space heating

These two uses will have different temperature requirements, and may determine what types of
collectors can be used. Of the first three types in the list above, evacuated tubes have by far the highest
temperature capability, and are also useful over more months of the year. They will produce hot water
whenever the sun shines and are not greatly affected by cold wind.

Unglazed collectors do not have good performance at high temperatures and are affected by cold-wind,
but they are-the least expensive per unit area. Their greatest use at present is for swimming pool -
heating. For space conditioning applications they have the benefit of being able to collect either heat or
cold. For cold collection their use can be either seasonal (collecting winter cold for use in summer) or
diurnal (collecting night-time cold for use during the next warm afternoon). This is being done
currently in New Mexico: www.solarlogicllc.com

Glazed flat plate collectors have characteristics and cost in between the two types mentioned above and
are very widely used for both domestic hot water and space heating. The largest solar thermal collector
array in the world uses glazed flat plate types, and is located in Silkeborg, Denmark:

.50l rmalworld.or rd/silkebor

Here are four useful reference books for solar thermal comparisons and installation guidelines:

Heating with Renewable Energy 2017 by John Siegenthaler
Solar Hot‘Water'Fundamehtals : 2011 by Peter Skinner et: al.
Solar Energy 2013 by Andy Walker

. Solar and Heat Pump Systems for Residential Bldgs. 2015 by Jean-Christophe Hadorn et. al.



Just by coincidence, the first two books above have authors from upstate NY. The last book in the list
above has this graph on page 24:
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The graph above shows a thermal output power of 600 watts per square meter at a temperature
difference of -15 K. Since the solar input power is only 500 watts per square meter this appears to be
an efficiency of 120 percent. The explanation for this is that energy is collected by the unglazed
collector in two different ways:

1. Conversion of sunlight incident on the collector into thermal energy.
2. Convection transfer from relatively warm air blowing across the collector into thermal energy.

Although each transfer method above is less than 100 percent efficient, the sum of both is greater than
100 percent. Notice, however that with zero temperature difference, both collector types are about 80
percent efficient. This is four times greater than a typical PV collector.

For the best possible use of solar thermal collection, consideration should be given to the combinations
possible in systems also using water source heat pumps (or heat recovery chillers) and underground
heat exchange or storage.. There have been many versions of these combinations described in books,
patents, and actual use over many years. One such combination of technology is shown below:
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The flow paths in the system above are assumed to contain either water or antifreeze solution and the
heat pumps are assumed to be conventional water source units, available from many suppliers
worldwide. On a larger scale, the heat pumps could be called heat recovery chillers, but the
functionality is the same. The system above is relatively simple, needing only two valves and four
variable speed water pumps. A further assumption is that there will be multiple temperature and flow
rate sensors in the system and a computer for coritrol and optimization.



The horizontal ground loop in the system above is assumed to be a type suitable for very long term
thermal storage in the earth (at least three months). This type of storage will be optimized if there is a
fluid connection at the center and one or more connections at the perimeter. Examples of this are here:

www.dlsc.ca and  www.sstusa.net

Similar examples with seasonal storage but without a central point connection are shown here: -
www.icax.co.uk

A more generai treatment of seasonal storage is here:

htips://en.wikipedia.org/wiki/S easonal. therm al’_energy_storage

If a central point connection is not used, the valve V1 in the figure above can be eliminated. For the
smallest size building to be considered, perhaps the ground loop in the figure above could be changed
to one or two boreholes or standing column wells. Again, in this case, valve V1 is not needed. In this
case the system still has the multisource advantage, but loses much of the seasonal storage advantage.
Seasonal storage is impertant because solar heat is mostly available in the summer months, but is most
needed in the winter months.

The specific component selections in the hybrid heat pump system above will depend on whether the
building being conditioned is heating dominated or cooling dominated. That is, over a full year, is
more energy expended doing wintertime heating, or is more energy needed for summertime cooling. If
more heating is needed, the best collector type is likely either glazed flat plate or evacuated tubes. On
the other hand, if more cooling is needed, the best collector is likely to be the less expensive unglazed
type. The unglazed collectors will serve as air to liquid heat exchangers as well as solar thermal
collectors.

Although not shown in the figure above, another improvement in the system could be the use of ice
storage tanks:

www.calmac.com

With ice storage-in the system, one or more of the heat pumps could use fluid coming from the
unglazed collectors or the dry cooler as the source fluid to make ice in the middle of the night in
summer. The following day, the ice provides air conditioning using only water pumps for cold water
circulation.

Other than ice storage tanks, a water storage tank or tanks could also be part of the system. If domestic
hot water is to be the principal use for solar thermal collection, perhaps one or more water tanks will be
all that is needed to complete the system. Of course the use of solar thermal collection for both space
heating and domestic water heating will lead to much greater reduction in fossil fuel use.

Looking to the more distant future, all buildings in NYC that have windows may be able to use some of
the ideas above to reduce or eliminate fossil fuel energy. A starting point for this is research now being
done on the conversion of windows into solar thermal collectors and/or air to hqmd heat exchangers.
Much of this research is shown here:



www.fluidglass.eu

In summary, a variety of solar thermal collector types might significantly reduce fossil fuel energy use
in buildings owned by the NYC government and more generally nearly all buildings within NYC.

Over the near term, the best possibility is buildings that have a large enough roof area or have nearby
surface area that is large enough for installation of either a horizontal or vertical ground source heat.
exchanger. Over the longer term (5 to 10 years), solar thermal collection and air to liquid heat
exchange can be extended to any and all buildings that contain windows. That would be nearly all
buildings in the city. Some possible concepts are mentioned above, but for more complete information
and other related technology please contact the author:

Gaylord Olson
Princeton, NJ

508 229 9056

gg olson@yahoo.com
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City Council Hearing on the Installation of Solar Water Heating
and Thermal Energy Systems on City-Owned Buildings.

Committee on Environmental Protection
2.28.17

Thank you for the opportunity to testify about this important issue. My name is Josh Kellermann, and
I’'m a Senior Researcher at ALIGN: The Alliance for a Greater New York. ALIGN is a community-labor
coalition dedicated to creating good jobs, vibrant communities, and an accountable democracy for all
New Yorkers.

| am here to testify in support of int. 1159.

ALIGN supports this bill because we believe that the City must act boldly and quickly to address the
threat of climate change. Natural gas and fuel oil account for 50% of the carbon emissions from City-
owned buildings. On-site, city buildings burn fossil fuels primarily for heat and hot water. Thus, finding
alternative sources for heating hot water is key to reducing carbon emissions coming from City
buildings. Accordingly, we support an assessment of all City-owned buildings to determine the feasibility
and cost-effectiveness of this technology.

NYC needs an “all hands on deck” plan to address climate change. Thus, solar water heating should be
assessed and implemented where feasible. However, it still seems that there is no overall assessment
that takes into account all of the competing potential rooftop uses, such as solar PV, solar thermal,
green roofs, and playgrounds, and creates a plan for obtaining all of these beneficial uses across the city
through a comprehensive citywide plan.

In addition, if the City’s solar PV installations have been any indication, we need to be paying more
attention to appropriate workforce development opportunities that will ensure that we create good
jobs for local, disadvantaged residents. When the City installed solar on 24 public schools over the last
few years using capital funds, only one union shop was utilized on five of those schools. There also was
no comprehensive workforce development program in place to ensure that low-income communities of
color had first crack at the jobs. Changes are currently being made to the solar PV program so that
future solar installations create good, local jobs. We hope that any solar thermal installations on public
buildings can avoid these hiccups out of the starting gate.

We also want to note that although all buildings in the city need to eventually have some form of on-site
renewable energy, we should prioritize environmental justice communities for the first installations. This
will ensure that those communities who have suffered the brunt of environmental pollution are the first

ALIGN: The Alliance for a Greater New York

50 Broadway, 29th FL

New York, NY 10004

T:212-631-0886

F: 888-370-3085

www.ALIGNny.org

ALIGN is a local affiliate of Jobs with Justice and the Partnership for Working Families
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to be relieved of this burden. Working with the NYC Environmental Justice Alliance, we have developed
criteria that can be used alongside the current site selection criteria to ensure that this is a program that
tackles climate change and inequality at the same time.

Finally, | want to note that how these projects get financed is a very important consideration. Reducing
energy use should save the City money, not just reduce emissions. The City currently uses two primary
types of financing for renewable energy projects, Power Purchase Agreements and Capital funding. In
determining which path to take, the City should take into account several considerations. Such
considerations include whether we want to privatize public energy, whether we get the best bang for
our buck when we use private financing, and whether an appropriate cost-benefit analysis is used to
determine which financing source we use. All told, we suggest the City emphasize public ownership and
capital funding for this work as it is a better tool for saving the City money over the long run, and capital
funding allows the City to more effectively set the terms of employment, leading to better outcomes
addressing inequality.

Thank you for your consideration.

ALIGN: The Alliance for a Greater New York

50 Broadway, 29th FL

New York, NY 10004

T:212-631-0886

F: 888-370-3085

www.ALIGNny.org

ALIGN is a local affiliate of Jobs with Justice and the Partnership for Working Families
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Good afternoon Chairman Constantinides and members of the Committee. We are George Engelbrecht of
Quixotic Systems, a leading New York City based solar company and specialist in solar thermal and
Michael Di Paolo, President of Ritter Solar, USA. Quixotic Systems has worked in the city since 1999,
making us about the longest existing solar company in the metropolitan area. In this time have installed
solar hot water systems in New York City for residential, commercial and nonprofit applications. Ritter
Solar is a leading manufacturer of solar thermal equipment used worldwide. As a solar installer who has
worked extensively with both Solar Thermal and Solar PV systems in the urban environment, we believe
our experience of installing and reviewing of the data of these two forms of solar over the past 19 years
uniquely qualifies us to offer a solid empirically based comparison of these two solar technologies in New
York City.

Though both Solar Thermal and Solar PV generate energy from the sun, they use very different
technologies: Solar electric (PV) converts light to electricity and produces kWh. Solar thermal converts
light to heat, in the form of hot water, and results in Therms or British Thermal Units (BTUs). While not
as well understood as PV, solar thermal has widespread application and is also economical. It is ideally
suited for urban, multi-story buildings, such as those owned by New York City, and we will take you
through the reasons.

1. Solar thermal uses the sun more efficiently than PV, making it ideal for urban applications.
Today, solar panels have increased their average efficiency to a range between 17 to 21 percent, meaning
roughly 20 percent of the light that hits the panel will be converted to energy. In comparison, the average
solar thermal collector now has an average efficiency of between 60 to 80 percent. This higher efficiency
of solar thermal makes it practical for city usage for a number of reasons:

a) Buildings that have too much shading for PV -- Because of its superior efficiency, solar
thermal can have application for buildings that have too much shading to make PV practical.
Shading rules out PV for a large percentage of New York City buildings. In our experience, we
have found that a significant percentage of buildings that are not suitable for PV can use solar
thermal.

b) Roofs that are too small to make PV worthwhile -- Even under the sunniest conditions, a roof
can be too small to fit a PV system that will produce a meaningful amount of electricity for the
building. Solar thermal produces significantly more energy per square foot than PV, and thus even
a small system can offset a substantial portion of a building’s domestic hot water production.

In addition, solar thermal systems continue to produce some hot water on cloudy days, whereas PV
systems cannot produce under those circumstances. This means solar thermal production is more
predictable and reliable than PV production.

We have found in our experience that in some cases it makes economic sense for solar thermal and solar
PV solar to work in conjunction on a particular building. These hybrid systems provide both electricity
and heat/ hot water through clean, renewable resources. Quixotic engineered and installed some of the
first hybrid systems in New York City (We will show a couple examples of this in our brief PowerPoint.)

2. The financial returns from solar thermal can be competitive with PV.

Solar economics are highly influenced by government incentives. PV is presently enjoying a great number
of incentives in New York State. In spite of the fact that there has generally been no NYSERDA rebate or
NYC Property Tax Abatement (PTA) to support solar thermal, we still find that solar thermal systems can
stand on their own economically, utilizing the existing federal and state tax credits, to achieve relatively



short paybacks. Returns on investment depend on a number of factors, such as the size of the system,
building fuel costs, etc. We find payback is often less than 10 years. For buildings still using heavy oils
these paybacks can be in the 6 -7 year range. We have demonstrated this through case studies we have
developed from some of our recent projects (See PowerPoint presentation. )

And when projects can couple tax credits with additional support either from NYSERDA or the New York
City Economic Development Corporation, comparable to moneys available to PV, paybacks can be under
five years and sometimes approach three years. If the City is to see more development of solar thermal
systems for its housing stock, these further state and city supported programs already targeted for the PV
industry will be essential to allow for third- party financed solar thermal systems. Our company did the
first third-party financed project for six low-income housing buildings in Harlem last year (See
PowerPoint presentation.)

3. Solar thermal is often a better choice for residential buildings where the heating and hot
water usage is greater than the common electric consumption.

In apartment buildings with sub-metering, each apartment is billed for its own electricity usage. This
incentivizes tenants to keep electricity usage down. It also means that the landlord’s electricity costs are
only for the building’s common areas and are thus relatively low, making PV less economical. In contrast,
residential landlords such as the City can realize significant savings from having their heat and hot water
produced by solar thermal.

4. Solar thermal is an excellent option for institutions such as hospitals and nursing homes,
which use large quantities of hot water.

These types of facilities tend to use more domestic hot water on average per person (ASHREA) than an
average residential building type. Hence solar hot water systems can offset a higher percentage of these
facilities’ overall fuel use than in an average building.

5. Solar thermal is well suited for buildings still using oil.
A solar thermal system will directly reduce carbon dioxide emissions, whereas switching from electricity
to PV does not have the same that impact.

Hence it could be a “purer” form of a “distributed energy system,” since its energy is injected directly into
a building’s heating system—its central nervous system and unlike a PV system that is displacing power
that is not produced on site but at a central plant, possibly far removed from the building in question.

Finally, because of the higher efficiencies we spoke of earlier, an average New York City roof covered
with solar thermal collectors can thereby see a very significant increase in emission avoidance. (See
PowerPoint presentation.) This could have very high relevance in areas of the City that are plagued by
poor quality air or asthma.

6. Solar thermal reduces the stress on boilers.

Large boilers are often used to create both steam heat and hot water, but outside of heating season they run
at a higher level than is needed just for domestic hot water production. Solar thermal can create enough
hot water to reduce the use of the boiler outside of heating season, thereby increasing the longevity of the
boiler.

Conclusion

Based on our extensive experience with solar in New York City, we believe that solar thermal should play
an important role of any large-scale carbon reduction and energy-savings plan. New York City has great
potential to build a thriving solar thermal market. This can provide many middle class jobs, cleaner air



through significant emission reduction, and reasonable rates of return for building owners and possiblé
investors. We urge the council to create incentives to promote solar thermal and to consider this as an
important part of its goal to create a cleaner and more sustainable city.

Thank you for your interest. We are happy to answer any questions.
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Committee on Environmental Protection
City Council of the City of New York
Common Room, City Hall '

New York, NY

Re: Solar Thermal Technology and Applications for NYC Owned Buildings
Dear Committee:

Since 1999, Quixotic Systems has designed and installed domestic solar hot water systems in New York
City for residential, commercial and nonprofit applications. We believe that solar thermal is an important
part of any large-scale energy-savings plan, including New York City’s.

First, it’s important to understand the two types of solar energy: Solar electric (PV) converts light to
electricity and produces kWh. Solar thermal converts light to heat, in the form of hot water, and results in
Therms or British Thermal Units (BTUs). While not as well understood as PV, solar thermal has
widespread application and is also economical. It is ideally suited for urban, multi-story buildings, as we
show below. -

1. Solar thermal uses the sun more efficiently than PV, making it ideal for urban applications
Today, the highest-quality commercial-rated solar electric panel runs at about 21 percent efficiency,
meaning roughly 20 percent of the light that hits the panel will be converted to converted to energy. In
comparison, the average solar thermal collector runs at 60 percent to 80 percent efficiency, depending on
the quality of the manufacturer. The superior efficiency of solar thermal makes it practical for:

a) Buildings that have too much shading for PV -- Because of its superior efficiency, solar
thermal can have application for buildings that have too much shading to make PV practical.
Shading rules out PV for Many New York City buildings. In our experience, we have found that a
significant percentage of buildings that are not suitable for PV can use solar thermal.

b) Roofs that are too small to make it PV worthwhile -- Even under the sunniest conditions, a
roof can be too small to fit a PV system that will produce a meaningful amount of electricity for
the building. Per square foot, solar thermal produces four times the energy of PV, and thus even a
small system can offset a substantial portion of a building’s domestic hot water production.

In addition, solar thermal systems continue to produce some hot water on cloudy days, whereas PV
systems cannot produce under those circumstances. This means that solar thermal production is more
predictable and reliable than PV production.



2. Solar thermal is a better choice for residential buildings where the heating and hot water
usage is greater than the common electric consumption. In apartment buildings with sub-metering,
each apartment is billed for its own electricity usage. This incentivizes tenants to keep electricity usage
down. It also means that the landlord’s electricity costs are only for the building’s common areas and are
thus relatively low, making PV uneconomical.

In contrast, residential landlords such as the City can realize significant savings from having their heat
and hot water produced by solar thermal.

3. Solar thermal is an excellent option for institutions such as hospitals and nursing homes,
which use large quantities of hot water.
[explain]

4. For buildings still using oil, a solar thermal system will directly reduce carbon dioxide emissions,
whereas switching from electricity to PV does not have that impact.

Hence it could be a “purer” form of a “distributed energy system,” since its energy is injected directly
into a building’s heating system—its central nervous system, as it were, and unlike a PV system that is
displacing power that is not produced on site but at a central plant, possibly far removed from the
building in question.

Finally, because of the higher efficiencies we spoke of earlier, an average NYC roof covered with solar
“collectors” can thereby see a three to four times increase in emission avoidance. This could have very
high relevance in those areas of the city which already may be plagued by high rates of poor quality air or
asthma.

5. Solar thermal reduces the stress on boilers.

Large boilers are often used to create both steam heat and hot water, but outside of heating season they
run at a higher level than is needed just for domestic hot water production. Solar thermal can create
enough hot water to reduce the use of the boiler outside of heating season, thereby increasing the
longevity of the boiler.

6. The financial returns from solar thermal can be competitive with PV -- Despite the fact that
there has generally been no NYSERDA rebate or NYC Property Tax Abatement (PTA) to support
solar thermal, these systems have frequently stood on their own, utilizing the existing federal and
state tax credits, with respect to paybacks. These returns on investment then largely depend on the
size of the system, building fuel costs, and often have paybacks of less than 10 years. For buildings
still use heavy oils these paybacks can be in the 6 -7 year range. We have demonstrated this
through case studies we have developed from our recent projects .

When projects were coupled with additional support either from NYSERDA or the New York City
Economic Development Corporation, paybacks can be under five years and sometimes approach three
years. If the City is to see more development of these types of systems for its housing stock, these further
state and city supported programs already targeted for the PV industry will be essential to allow for third
party financed solar thermal systems. Our company did the first systems of these kinds for six low-
income housing buildings in Harlem last year.



§7. Solar thermal can be done in conjunction with PV

For some buildings, it is not an either/or choice between PV and solar thermal. Rather, hybrid
systems can be installed that will provide both electricity and heat/ hot water through clean,
renewable resources. Quixotic did some of the first hybrid systems in NYC

In conclusion, New York City has great potential to build a thriving solar thermal [market]. This can
provide many middle class jobs, cleaner air through significant emission reduction, and reasonable rates
of return for building owners and possible investors. We urge the council to create incentives to promote
solar thermal and to consider this as an important part of its goal to create a cleaner and more sustainable
city.

Thank you.
Sincerely,

XXXXXXXX



.
-
- .
- o .
o 3

o o o
. -
.

o

—C
s

P

SYSTEMS

GY ENLIGHTENED

o . .

- .
. - .
. - b%ﬁ’%fé‘vﬁ{/f*‘ . - %/},%;%‘%%é; -

.

o
.

a .
- = . -

. _
- - ,w%élowyé :

- . =
.

-
- .

.
-

- o .

... _ @

s ; v e



I Pl o T R N

fluid circulated by a so

eat stored in the tank

serves as a source for domestic
hot water use and space heatin

€ehisasannrnisosve L P PPy

‘hydronic heat such as radiant
floor

SOLAR COLLECTORS




.

-

-

=
=
-
-

«%/V;g .
-

-

- - = -
. - - -
- . - .. .

.

-
- Y%Z@ -
.
.
.

-

.







-

.

' . - ... _
Soe . . Mfg;ﬁwﬁ .
... - - . .
. ...
-

f .

- .

= Zar 7 SRod
. - . = . . - -
... . - - - -

-

..ze
. .
. -

- -

- -

. . . .
- . - - , -

- - -
. ... .
- . o o - -
- . - - - < - - . _ ( .
- - . . E o . . o o e
N L
-

. .
. -
‘ . w:u f_/,
. - .
.

=

.

- -
.
.

- . .
- - . -
- - .

.
.
G

.. . .
. _ -
. - - .
- - -

- .
- > . . . . . - . @
_ ; ; . %
-~ - -
. » .

S

-

.

. .

.

.

.
.
-

_
. _
.

.
.

- -
- .
- .

.
-

-

= -
- . -

.
- - - -

- -
- .
«v _ . .

s - 5
- -
-
- .



o~

o




-

.

-

-










S

=
.
-

.

-

-
.
-

. :
-
...
.
s
.




-

.
-
=

-

-

.

P

.

,/f

-




28 panels $129,360 1,870 gallons/yr 5 % years

Building 1
| 521 W159 Street

1,874 gallons/yr 5 % years

$127,780

28 panels

Building 2

517 W159 Street

24 panels $141,580 2,257 gallons/yr 4% years

500 W159 Street

Building 3

1,773 gallons/yr 6 years

$129,360

28 panels

Building 4

507 W158 Street

1,662 gallons/yr 5 ¥ years

$110,787
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12 pane

Building 5

547 W160 Street

5 years

646 gallons/yr
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Solar thermal uses the sun more efficiently than PV, providing greater CO2 savings

Today, the highest-quality commercial-rated solar electric panel runs at approximately 21 percent
efficiency, and after system loses approximately twelve percent of the light energy that hits the
panel will be converted to usable electric energy. In comparison, the average solar thermal
system has a conversion efficiency of forty-five to fifty-two percent. The superior conversion
efficiency of solar thermal means that the carbon offset is also superior to PV panels, generally
four times higher than PV per the same area used.

Effect of Government Policy on Market Development

Increasing government demand for solar thermal technology will allow the market to expand and
become more experienced, thereby accelerating technology innovation and decreases in cost per
installation. The positive effects of government policy on the PV market will be similar if
enacted on the solar thermal market.

Solar Thermal Helps Stabilize Budgets

Energy costs are one of the largest items in the operating budget of property managers. The
volatility of electric costs is small, since rates are set by public utility commissions and subject to
cost justification. Long term average inflation rate of electricity is approximately one percent.
However, energy costs for gas and oil are highly variable and cost spikes can create havoc on
budgets. After a solar thermal system is installed, a fixed energy price is known for the life of
the system, typically twenty-five years.

Solar Thermal Contributes to Improved Building Energy Efficiency

NYC has a large percentage of mechanical rooms with boilers that are used to provide both space
heating and domestic hot water. These boilers are sized to cover the space heating demand on the
coldest winter days. During the “heating season” these boilers have operating efficiencies of 80%
to 85%. When boilers are running solely to provide domestic hot water, typically from May to
October, their efficiency is less than 50%. During this summer period, solar thermal systems
often provide more than 90% of the energy needed for domestic hot water, eliminating the need
for running boilers. Additionally, using solar thermal extends the life of the boiler and reduces
service call.

Energy Storage

All domestic hot water solar thermal systems include storage tanks and the heat is typically
available for 24 to 48 hours. While PV storage is possible, it is very expensive and not included
in standard installations. Energy storage is standard on solar thermal systems. The benefits of
solar thermal can be utilized after the sun sets.



Resiliency

To operate a solar thermal system, a small amount of electricity is needed to run the solar pump.
This can be provided with a small generator or connection to an emergency electric circuit.
During emergencies such as Hurricane Sandy, it is feasible to provide hot water during extended
periods of electrical outage.

Time is of the Essence as Tax Credits Will be Phased Qut

The city’s budget for primary energy to produce heat and hot water is large. By not acting now to
support solar thermal installations the city is foregoing the opportunity to benefit from the thirty
percent federal tax credit. The federal tax credit is scheduled to decline starting in 2020 and will
be reduced to ten percent in 2022. Additionally, the city should help itself by helping the solar
thermal industry gain state tax credits through NYSERDA and the REV program. Solar thermal
systems are as or more effective than PV in reducing greenhouse gas emissions, decreasing
energy consumption of buildings and converting to renewable energy.

Roof space is limited

In urban environments availability of roof space is the limiting factor holding back wider
utilization of renewable energy. Roof space has become a valuable commodity. Therefore, roof
space should be allocated to its best and most productive use. Solar thermal is the best
application from an environmental and financial perceptive.

Electric from utility sized PV fields can be transported hundreds of miles, while thermal energy
has limited ability to be transported. Therefore, utilization of solar thermal is energy is limited
to on-site production and consumption, gives additional rational for allocated roof space to
thermal energy production.
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2/28/2017
NYC Council.

Council members,

First | would like to thank the NYC council calling upon us to come and
testify, the solar installers with the help of all the advocacy agencies and
companies are the ones who are actually reaching out to the community
and promoting the clean energy of solar, we are also the ones that make it
happen.

I would ask the NYC Council not push any new legislation for solar thermal.

As you well know the roof space in an urban area such as NYC, has limited
available roof space and as such, solar thermal will always compete with
solar PV on that limited roof space.

Solar thermal is effective only about 5 month a year in our area due to the
fact that solar thermal harvest the sun heat, Vs. solar PV that is effective
365 days a year - as solar PV harvest the sun light and is effective in any
temperature.

Furthermore, any investment is evaluated by the alternative, the return of
investment for solar thermal in our area is about 15 years while solar PV
return is about 5 years.

Life span of solar thermal is about 12 years, as it has moving parts, while
life span of solar PV is 25 years, as there are no moving parts.

We have to priorities what we do first, and the obvious is solar PV.

Having said that, there is a new technology were panels of solar thermal
can be attached as a patch under the solar PV, as we all know, solar PV
panels dissipate some heat under the panel, so if we have already solar PV
with the mounting system, which is aiready there, we can add these
patches of solar Thermal under the solar PV, this will also reduce
substantially the cost of solar thermal.

This technology is new and not enough data available yet, | believe in 2 to 3
years it will come to market with a track record and data how to do it right.

Thank you,
Ronnie Mandler.
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Re: Int. No. 1159, in relation to the installation of solar water heating and thermal energy systems on
City-owned buildings

Good afternoon council members, thank you for the opportunity to provide testimony regarding the
proposed Local Law to amend the administrative code of the city of New York in relation to the installation
of solar water heating and thermal energy systems on city-owned buildings. My name is Noah Ginsburg and
1 am the Director of Solar One’s Here Comes Solar program.

I'm here to provide testimony on behalf of Solar One, a leading New York City non-profit environmental
education organization. Solar One offers a wide range of programs that educate the public about solutions
to our environmental challenges and connect people from all walks of life with the latest resources for
energy efficiency and renewable power. Solar One’s Here Comes Solar program drives solar adoption in
high-barrier markets in New York City. Through our technical assistance model, Solar One has facilitated
more than 120 solar installations in New York City to date, including more than one hundred rowhomes
through New York City’s pioneering solarize campaigns as well as aggregations of multifamily buildings
including both market rate and affordable housing properties.

While Solar One primarily focuses on solar electric systems, we also facilitated a number of solar hot water
installations through our early solarize campaigns and played a supporting role on a unique third-party
financed solar thermal project on an aggregation of affordable housing properties owned by the Community
League of the Heights (CLOTH); a project for which Rob Creuderoff provided primary technical assistance,
Solar One completed site assessments and connected the housing organization with solar providers, and
for which Quixotic Systems completed the design and installation.

For most buildings in New York City, solar photovoltaic systems tend to deliver greater financial benefit
than solar thermal systems. This can be attributed to several factors including the high cost of Con Edison’s
retail electricity; the declining cost of solar photovoltaic modules; the relative simplicity of designing and
installing solar photovoltaics versus thermal systems; and the availability of certain incentives for solar
photovoltaics that are not available for solar thermal systems such as the New York City Property Tax
Abatement, which excludes solar thermal systems.

However New York City buildings that have year-round domestic water heating requirements can indeed
be strong candidates for cost-effective solar thermal installations, particularly buildings that use expensive
heating oil rather than lower cost natural gas. In addition to pfoviding cost savings and mitigating
greenhouse gas emissions, solar thermal systems can improve local air quality by reducing the need to burn
polluting fuel oils which are known to contribute to public health issues in New York City. While we are not
taking a stance on this proposed Local Law, Solar One applauds the Council for considering policies that can
advance the deployment of solar thermal and other clean energy technologies in New York City.

Mailing Address: 37 Wast 267 Street, Suite 209 New York, NY 10010
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On the ground — and at the table.

New York City Environmental Justice Alliance testimony to the New York City Council Committee on
Environmental Protection in support of Intro. 1159 in relation to amending the administrative code of the City
of New York in relation to the installation of solar water heating and thermal energy systems on city-owned
buildings.

February 28, 2017

Good morning Chairperson Constantinides and Members of the City Council. My name is Kartik Amarnath and | am
here to testify iri support of int. 1159 on behalf of the New York City Environmental Justice Alliance (NYC-EJA). Founded
in 1991, NYC-EJA is a non-profit citywide membership network linking grassroots organizations from low-income
neighborhoods and communities of color in their struggle for environmental justice. NYC-EJA empowers its member
organizations to advocate for improved environmental conditions and against inequitable environmental burdens.
Through our efforts, member organizations coalesce around specific common issues that threaten the ability of low-
income and communities of color to thrive, and coordinate campaigns designed to affect City and State policies —
including energy policies that directly affecting these communities.

Because a number of the NYC-EJA member organizations come from communities overburdened by greenhouse
emissions and co-pollutants from power plants clustered in their neighborhoods, our organization is a key advocate for
the City’s emission reduction goals. NYC-EJA was a member of the Building Technical Working Group (TWG) that
analyzed the potential GHG reduction pathways for the building sector and supports the goal of reducing emissions
while achieving co-benefits such as increased public health and job creation in energy efficiency strategies and the
emerging renewable energy economy. NYC-EJA commends the New York City Council’s Committee on Environmental
Protection for holding a hearing on Int. 1159, creating an opportunity for public comment on this important milestone.

We support an amendment to the Administrative Code that requires feasibility studies on the costs of installing solar
thermal energy systems on all buildings or structures owned by City agencies and departments. Furthermore, we
support the requirement that all city-owned buildings install solar thermal energy systems where they are cost
effective. Through the widespread installation of solar thermal systems in city buildings, the City will be taking a strong
step towards reducing the overall energy demand from polluting sources. By extension, reducing overall energy
demand from these sources can have environmental health benefits in low-income communities and communities of
color where older and more inefficient power plants have been historically clustered, and cause disproportionate public
health burdens. We also support the bill’s public awareness campaign around the multiple benefits of installing solar
hot water systems.

As we take bolder steps to reduce our carbon footprint, the City should guarantee protections for low-income
neighborhoods and communities of color. We encourage solar installation feasibility studies include considerations for
equity and access for low-income communities and communities of color. As solar thermal installations proceed, the
City should partner with installers who commit to hiring locally and provide fair wages to their workers. Parallel to any
efforts in educating property owners on the benefits of using solar hot water systems, we need to create safeguards for
rent-stabilized and rent-regulated buildings to ensure that families are not priced out of their homes and communities
through Major Capital Improvements. A just energy policy is central to NYC-EJA ’s work, and we look forward to a
continued collaboration with the City to mitigate the threats of climate change.
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My name is Kim Fraczek, and I am the Director of Sane Energy Project, a NYC based organization working to
halt and replace existing fracked gas and other fossil fuel infrastructure with a transition of justice to renewable,
equitable, accountable and local energy systems.

I’'m commenting today on the amendment to Intro 1159-2016 regarding a cost feasibility study to the installation
of a solar water heating or a thermal energy system, and the cumulative savings expected to result from such
installation.

We recently hosted a tour, with our state-wide allies on a new campaign we are a part of called Renewable Heat Now
(renewableheatnow.org), with Dr. Arjun Makhijani, author of the report, “Making Residential Heating and Cooling
Climate-Friendly in New York State.” The tour consisted of workshops about how we can move New York off of fossil
fuels and still stay warm. Dr. Makhijani discussed the findings of his study, which I have attached here.

Our Renewable Heat Now campaign is to both educate the public and to convince New York State policy makers to
adopt the recommendations in the report. Although this report covers residential heating through geothermal and
air-pump heating, Dr. Makhijani is a wealth of knowledge, who has completed a feasibility study of a renewable system
for the State of Maryland, and I'd recommend the NYC Council to make a connection if there is not one already.

His geothermal and air-pump study examines cost and greenhouse gas emission implications of converting homes

in the residential sector from fossil fuel space and water heating to efficient electric systems.

Such conversions also make space and water heating “renewable grid ready” -- that is, as the proportion of renewable
energy in New York’s electricity grid increases, greenhouse gas emissions continue to decline.

Sane Energy Project is a leading organization to bringing Offshore Wind onto NYC’s grid in a socially just way, and
and bringing our electric grid to 100% renewable energy. We look forward to speaking with all of you in the Council
about this in the coming weeks.

Additionally, if we get this feasibility report going, Sane Energy Project assures the NYC Council that we will be a
partner in helping you get the word out about the economic benefits of solar water heating and thermal energy systems
on city-owned buildings.

I thank you so much for your continued work to make this city a better place to live.

Kim Fraczek
Director, Sane Energy Project
kim@saneenergyproject.org

(646) 387-3180
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Preface

New York State has set a goal of reducing greenhouse gas emissions by 40 percent by the year 2030 and
80 percent by the year 2050. About three-fifths of the state’s greenhouse gas emissions in 2011 came
from the direct use of fossil fuels in transportation (39.3 percent) and in buildings for space and water
heating (21.4 percent). To reach greenhouse gas reduction targets it will be necessary to make
significant reductions in both these sectors. This study focuses on strategies for phasing out direct use
of fossil fuels (natural gas, fuel oil, and propane) in buildings in New York.

This report examines cost and greenhouse gas emission implications of converting homes in the
residential sector from fossil fuel space and water heating to efficient electric systems. Such
conversions also make space and water heating “renewable grid ready” -- that is, as the proportion of
renewable energy in New York’s electricity grid increases, greenhouse gas emissions continue to decline.

Natural gas is the most common fuel used for space and water heating in buildings. In recent years
there has been a realization of the vastly greater short-term damaging role of natural gas compared to
carbon dioxide and of measurements indicating that leaks of methane are larger than previously
thought. Further, production of natural gas using the technique of hydraulic fracturing appears to be
responsible for increasing the overall leak rate. Addressing the issue of greatly reducing or eliminating
fossil fuel use in buildings, has therefore become an increasingly important issue to meet greenhouse
gas reduction goals.

Weatherization of homes is also critical for reducing energy use and emissions. Ideally, both should be
implemented simultaneously (and this is often done), so that heat pump equipment can be sized
accordingly. The better the weatherization the lower the size and cost of the heat pump. We have not
considered weatherization in this report, even though it is a critical element to converting homes. This
is because it is difficult to generalize at what point improvement in weatherization would result in
reduced heat pump size and therefore in reduced heating, ventilation, and air-conditioning (HVAC)
equipment cost. The problem is especially complex is New York because of the varying ages of the
housing stock, its large variety, and the three climate zones. In general, our conclusions regarding the
benefits of conversion will be valid; indeed, weatherization carried out after a good audit should
improve the economics of conversion from fossil fuel to heat pump systems, especially in New York City
and its environs (including Long Island), where electricity is more expensive relative to other parts of
New York.

This report addresses policies to encourage and assist the transition to low emissions systems in
residential space and water heating, notably in buildings with one to four housing units each, which
constitute over two-thirds of New York’s housing. It also addresses the benefits of assisting low-income
households to make the transition to efficient electric space and water heating systems.

I would like to thank Bill Nowak and Jens Ponikau, of NY-GEO, and Hal Smith of Halco, who shared their
expertise and experience in New York’s HVAC sector with me. My interviews with them are in
Attachments A and B. Hal Smith of Halco and Tim Judson of the Nuclear Information and Resource
Service provided useful reviews, as did Jessica Azulay and Andra Leimanis of Alliance for a Green
Economy (AGREE). Annie Makhijani, IEER Project Scientist, compiled New York State housing and



energy data. Lois Chalmers, IEER Librarian and Bibliographer, checked the report. As the author of the
report, | alone am responsible for any errors that remain.

IEER prepared this study for AGREE; we appreciate being selected for this task and especially thank
Jessica Azulay who commissioned the study on behalf of AGREE. | would, for my part, also like to thank
the Park Foundation whose generosity allowed AGREE to commission IEER to do this study.

Arjun Makhijani
January 2017
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Report Overview

Space and water heating and air conditioning in New York State’s buildings are responsible for more CO;
emissions — about 50 million metric tons in 2011 — than the entire electricity sector (including electricity
imports) — about 42 million metric tons. The residential sector represents over 60 percent of the space
conditioning and water heating emissions. Similarly, direct use of natural gas in buildings is greater than
its use in the electricity sector, even as the latter use has grown substantially. Eliminating the use of
fossil fuels, including natural gas, as completely as possible is essential for New York to achieve its 2050
goal for deep reductions of greenhouse gas emissions. The importance of phasing out direct use of
natural gas is enhanced when we take into account the warming impact of methane leaks associated
with natural gas use at various stages of production and transport.

The most straightforward way to address the elimination of fossil fuel use is by adopting efficient
electric heating, ventilation, and air-conditioning (HVAC) and water heating systems. They are
commercially available. There are several other advantages of adopting this approach in addition to
reduction of CO, emissions due to combustion of fossil fuels:

e Electrification creates an HVAC sector that is renewable grid ready. In other words, as the grid is
decarbonized using renewable resources, the emissions from all things driven by electricity,
including heating and air-conditioning systems, decline. A fully renewable electricity sector will
then automatically mean zero emissions from heating and cooling buildings, if direct use of fossil
fuels is completely eliminated for those applications.

e Geothermal and cold climate (air-to-air) heat pumps provide air conditioning much more
efficiently than conventional central air-conditioning systems.® As a direct result heat pumps
reduce peak loads on the grid and decrease the need to invest in additional peaking generation.
Peak load reduction also reduces transmission congestion and the costs associated with it.

1 We recommend that New York State consider geothermal heat pumps or cold climate heat pumps. The latter are
a special type of air-to-air heat pump. All air-to-air heat pumps use the same approach, extracting heat from the
outside air in the winter and then pumping it up to the temperature needed for space heating. However, ordinary
air-to-air heat pumps lose efficiency rapidly below the freezing point of water. This means that they become
inefficient and use auxiliary heat when it is coldest. In contrast, cold climate heat pumps operate efficiently down
to low temperatures — 5°F or lower. Hence, if air-to-air heat pump technology is used, it is critical that New York
State encourage cold climate rather than ordinary heat pumps.
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Leaks of methane, which is the main constituent of natural gas, increase the CO,-equivalent
emissions of natural gas heating systems between about 20 and 150 percent. The latter figure
corresponds to a 5 percent leak rate and a 20-year global warming potential.

Investment in efficient equipment in effect substitutes an upfront cost for continued high
energy costs. This can be very beneficial for low-income households, since high energy burdens
are part of a complex of economic, health, and housing issues that contribute to serious and all-
too-often devastating problems like ill-health and homelessness.

The use of fuel oil and propane in home heating is common in New York. These are relatively
expensive fuels; there is no reason to delay their conversion to efficient electric systems.
Conversion of natural gas systems to efficient heat pumps is usually not economical on a straight
dollar-cost basis. However, when the social cost of carbon emissions, reduction of peak load,
and upstream methane emissions are taken into account, the economic case for retrofitting
with efficient electric systems is clear.

Principal Recommendation: New York State should adopt a policy of converting fossil fuel heating
systems to efficient electric systems. Cold climate heat pumps or geothermal heat pumps are widely
available technologies that can serve the purpose. Leading edge heat pump technologies could reduce
cost and/or increase efficiency. Water heating conversions should be done at the same time, where
possible. Incentives for efficient heat pump systems should be based on a combination of heating and
cooling performance, with the lowest rebate being geared to an Energy Star system and the highest to
the best available technology, which is currently a geothermal heat pump system.

It would be most efficient to start in four areas:

Conversion of fuel oil and propane systems to efficient heat pump systems.

Conversion of all low-income households using fossil fuels, including natural gas, to efficient
electric systems. This reduces annual energy burdens and provides low-income families as well
as other New Yorkers with significant non-energy benefits.

An end to the promotion of natural gas appliances by NYSERDA, which should not provide
rebates for conversion of fuel oil and propane systems to natural gas.

Exclusive use of efficient electric systems in new housing construction and in retrofits in areas
where there is no natural gas infrastructure at present.



Summary

Carbon dioxide (CO;) emissions in New York State due to space and water heating and air conditioning
of buildings are second only to transportation and higher than all electricity use: about 50 million metric
tons compared to 70 million metric tons for transportation and 42 million metric tons for the electricity
sector?in 2011. Within the buildings sector, the residential sector accounts for about 63 percent of the
total, which amounted to 31.4 million metric tons — 17.5 percent of New York's total CO; emissions in
2011. This report is concerned with strategies to reduce CO, emissions associated with space and water
heating and air conditioning in the residential sector as well as the CO;-equivalent of the methane
emissions associated with the use of natural gas. We also discuss policies that would make the
reduction of emissions in the space conditioning sector economically equitable.

We have analyzed residential space and water heating and air conditioning in New York by climate zone
(New York State has three), by housing type, and by fuel type.

Natural gas and fuel oil are the most common fuel sources for space heating. Most of New York State
does not have severe summers. Room air conditioners are more common than central air conditioners.
Low electricity use for air conditioning and heating with fossil fuels during cold winters makes CO,
emissions from the direct use of fossil fuels (natural gas, fuel oil, and propane) the largest single source
of greenhouse gas (GHG) emissions in the residential sector: 26 million metric tons of CO,. This amount
represents about 15 percent of New York’s energy sector CO, emissions. Figure S-1 summarizes CO;
emissions in New York’s energy sector for the year 2011.

2 Commercial sector space and water heating emissions due to fossil fuel use estimated by IEER from commercial
sector energy data from EIA’s State Energy Consumption Estimates for New York (EIA SEDS Consumption 2016,
New York, Table CT5). Fractions of natural gas and fuel estimated from the Department of Energy’s 2011 Buildings
Energy Data Book (DOE EERE 2012 BEDB, Table 3.1.4 at
http://buildingsdatabook.eren.doe.gov/TableView.aspx?table=3.1.4); the fraction of electricity used for cooling
and ventilation was also estimated from this source. Commercial sector electricity use as a fraction of the total
from NY State Electricity Profiles (EIA States 2016 New York, Table 8) and electricity sector CO2 emissions from EIA
States 2016 New York, Table 7.
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New York State CO2 emissions by end use, residential sector
detail, 2011
Total emissions: 179.5 million metric tons
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Figure S-1: New York State energy sector CO, emissions for 2011, with residential sector details
Source: NYS GHG Inventory 2015, Table S-1; residential sector detail: IEER calculations

We analyzed energy use and emissions in the concerned end uses from statewide data, by climate zone,
and by prototypical residences in Climate Zone 4 and Climate Zone 5, and focused on structures with
one to four housing units. While we did not analyze Climate Zone 6 separately, the findings are
applicable to Climate Zone 6, which is colder in the winter but requires less air conditioning in the
summer. We studied two types of residences:

e Asingle unit structure, heated by fuel oil or natural gas, with central air conditioning and
natural gas water heating. We analyze the replacement of the existing space heating and air-
conditioning system with either a geothermal heat pump or a cold climate air-to-air heat pump;

e An apartment in a two-to-four unit structure presently heated by natural gas and cooled using a
room air conditioner. The combination would be replaced by a cold climate heat pump.3

3 These structures can be retrofitted with geothermal heat pumps. It was not considered in this report since it is
more difficult to estimate typical costs.



Principal findings

1. New York must greatly reduce or eliminate direct use of fossil fuels in the residential sector to
achieve its 2050 greenhouse gas reduction goal of 80 percent. Space heating and water heating
are the most important direct uses of fossil fuels in the residential sector. Replacement of fossil
fuel systems by efficient heat pump technologies? is the single most important approach to
accomplishing this purpose.®> Emissions in the space and water heating sector will decrease
further as the fraction of renewable energy is increased in New York’s renewable electricity
supply and fossil fuels are phased out.

2. Based on New York State greenhouse gas inventory data and Energy Information Administration
data, we estimate that New York’s residential sector space heating, water heating, and air
conditioning accounted for about 31.4 million metric tons of CO, emissions, or about 17.5
percent of New York’s total of 179.5 million metric tons from all sectors in the year 2011. The
residential sector has high direct natural gas use. When methane emissions due to natural gas
leaks are taken into account, the estimate of emissions increases by between 2.4 and 19 million
metric tons of CO;-equivalent per year. The former figure uses the EPA leak rate of about 1.6
percent and a 100-year warming potential relative to CO; of 34; the latter uses a 5 percent leak
rate and a 20-year warming potential of 86.

3. In 2011, the direct use of natural gas in residential and commercial buildings was about 58
percent greater than New York’s use of natural gas for in-state electricity generation. The use of
natural gas in buildings has been increasing faster than that in the electricity sector: in 2014
building use was 72 percent greater than electricity sector use; however, the electricity sector
amount is more variable since it is more sensitive to price. This shows that the replacement of
natural gas space and water heating systems by efficient renewable-ready electric systems is an
essential strategy for climate protection.

4. ltis generally economical to retrofit fuel oil and propane heated buildings with either cold
climate or geothermal heat pumps. The former have a lower first (or up-front) cost. The latter
have a higher first cost but are more efficient and last longer. Heat pumps are lower in total
cost over the lifetime of the systems, even before any credit for reduced CO; emissions is taken
into account.

5. It is often economical to retrofit natural gas systems with cold climate heat pumps; the
economics are less clear in areas with relatively high electricity prices (New York City and its
environs). Itis generally economical to do such retrofits if account is taken of the value of CO,
emission reductions and peak load reduction.

6. Retrofitting natural gas heating plus air-conditioning systems with geothermal heat pumps is not
economical at present relative prices and first costs. However, such retrofits become
economical or close to economical when adequate account is taken of CO; emission reductions
and peak load reduction.

7. Geothermal and cold climate heat pumps provide efficient air conditioning and therefore
provide the benefit of reducing both peak load and CO, emissions. Accounting for these
benefits is important when assessing the costs and benefits of converting natural gas to
geothermal and cold climate heat pump systems. It is also important to account for reduced
methane leaks.

4 The commonly used resistance baseboard electric heating is the least efficient electric heating technology. Heat
pumps are more efficient, but vary a great deal in how much more efficient. By “efficient heat pumps” we mean
heat pumps that are at least 2.5 times more efficient than resistance heating.

5 Reducing heating requirements by weatherization is also important.
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8. The annual energy costs for homes with efficient heat pump systems are lower than for homes
heated with any fossil fuel. Therefore, retrofitting low-income homes with efficient heat pump
systems increases energy security and reduces the insecurities and vulnerabilities, such as
increased homelessness and food-fuel-medical cost conflicts, which arise from high energy
burdens.

9. Retrofitting low-income homes with efficient heat pumps will reduce the cost to New York State
taxpayers and ratepayers of energy assistance, especially in the context of the Public Service
Commission’s order to limit energy burdens of low-income households to 6 percent of income.

10. Employing efficient electric heat pump systems for heating reduces price volatility for
households, when compared to fuel oil, propane, and natural gas heating systems. Itis
important to consider the deleterious effects of fossil fuel price volatility, especially on low-
income households. The effect of fuel price volatility can be approximately quantified and
should be taken into account when calculating benefits.

11. Passive house construction is economical for new homes.

12. Two new cold climate heat pump technologies could improve efficiency, reduce cost, and make
retrofitting natural gas systems with efficient heat pumps more economical with shorter
payback times. They would also make phasing out natural gas more rapid, producing more
immediate climate benefits due to methane leak reductions. One is a solar-thermal assisted
heat pump, developed in British Columbia.® It is similar to a geothermal heat pump, except that
a special solar thermal collector replaces the geothermal well. Another uses an advanced dual
compressor system — a technology that has been tested but not commercialized.

Recommendations

1. New York should aim to retrofit fuel oil and propane heated homes with efficient electric
systems, such as heat pumps, within 20 years in all cases where this is technically feasible.

2. Fossil fuel and electric water heaters using resistance technology should also be replaced, using
de-superheaters’ (when geothermal heat pumps are used for space heating) or heat pump
water heaters (when cold climate heat pumps are used for space heating).

3. New York should prioritize retrofits for low-income residences that use fuel oil, propane, or
natural gas. Conversion from fossil fuels to efficient electric heating systems should be
considered as a strategy to implement the Public Service Commission’s order to limit the energy
burden of low-income households to 6 percent of household income.

4. The product of winter and summer coefficient of performance can be used to set rebate
amounts to encourage the adoption of efficient heat pumps. This would ensure that the
combination of heating and air-conditioning performance is taken into account in the incentive
structure.

5. Rebates for heat pumps should be performance based. Normally, rebates are given to any
device that has the “Energy Star” label, and rebates remain constant, even though efficiencies of
some heat pumps are far higher than the minimum required to gain the label. Rebates should
be graded with the lowest rebate assigned to the minimally qualified Energy Star heat pump,

6 SunPump FAQ 2016

7 In this context, “de-superheater” is a term for the heat exchanger that uses waste heat from the space heating
part of the heat pump to heat water, thereby reducing the amount of electricity needed to produce a given
amount of hot water.
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increasing to the maximum rebate for the best performing device (usually a geothermal heat
pump).

6. The social cost of carbon and the system benefits of peak load reductions should be factored
into setting the rebates.

7. The carbon-equivalent impact of methane leak reductions (priced at the social cost of carbon)
should also factor into setting rebates for efficient electric heat pumps.

8. Given the urgency of the climate crisis, the 20-year warming potential of methane and realistic
leak rates should be used when computing the COz-equivalent value for reduced methane
emissions.

9. Given that methane leaks considerably increase CO;-equivalent emissions from natural gas
systems, new natural gas infrastructure for heating should be avoided and incentives should not
be provided for conversion from fuel oil or propane heating to natural gas. Rather, all incentives
should be directed toward the conversion to efficient electric systems.

10. A pilot project testing solar-assisted heat pump technology should be implemented in each of
New York State’s climate zones. Another heat pump technology, developed jointly by Oak Ridge
National Laboratory and Emerson Climate Technologies, has an advanced compressor and has
been tested in Ohio in an actual home.®2 NYSERDA should deploy this advanced compressor heat
pump on a pilot basis side by side with the solar-assisted heat pump. These two technologies
may reduce the cost of eliminating fossil fuels from the space and water heating sector and
permit wider deployment of highly efficient heat pumps.

11. Passive house construction and efficient electric heating systems should be required for new
residential construction starting in the year 2020.

8 Abdelaziz and Pham 2016
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l.  Introduction

The purposes of this study are to:

e Examine the role of direct fossil fuel use for residential space and water heating in New York
State’s energy system.

e Examine the greenhouse gas emissions associated with residential space and water heating in
New York.

e Examine the technical aspects of converting from fossil fuels to electricity.

e Examine the economic and greenhouse gas emissions aspects of the conversion.’

e Address issues that may especially affect low-income households.

e Suggest priorities for conversion and policies that would accelerate the necessary conversion to
a renewable-ready space and water heating sector.

Direct use of fossil fuels for space and water heating in New York’s residential sector accounted for
about 26 million metric tons of CO, emissions in 2011,° of a total of energy-related emissions in that
year of 179.5 million metric tons. When air conditioning and electric space and water heating are
added, the total emissions represented by the sector studied in this report amount to about 31.4 million
metric tons per year.

While we have not analyzed the commercial sector in detail here, we estimate that commercial sector
emissions would be a somewhat smaller.!! The direct use of fuels in the commercial sector was
responsible for about 24 million metric tons of CO, emissions in 2011. National data indicate that about
65 percent of the direct use of natural gas and 48 percent of the direct use of fuel oil in the commercial
sector is for space and water heating.!> Applying these ratios to New York indicates that about 12
million metric tons of CO, were emitted by direct use of fossil fuels for space and water heating in the
commercial sector. Nearly 7 million metric tons of CO, were emitted due to air-conditioning and
ventilation requirements of commercial buildings. Thus nearly 20 million metric tons of CO, emissions
were attributable to New York’s commercial sector space, heating, water heating, air-conditioning and
ventilation requirements.

Putting these estimates together indicates that space and water heating and air conditioning together
account for approximately 50 million metric tons, or about 28 percent of New York’s energy-related CO,
emissions of 179.5 million metric tons in 2011. Overall deep reductions in CO, emissions in the coming
decades will therefore require a deep reduction in the direct use of fossil fuels in the buildings sector,
including the residential sector. The importance of the buildings sector can be gauged by a single

® We will mainly address CO2 emissions and make some comments on the collateral benefits of reducing methane
emissions by reducing natural gas use in New York’s residential sector.

10 Calculated by IEER from New York EIA Fact Sheet (EIA RECS 2009 New York) and DOE Buildings Energy Data Book
(DOE EERE 2012 BEDB, Table 2.1.5).

1 The total CO2 emissions resulting from direct fuel use in the residential sector in New York in 2011 were about
30.9 million metric tons compared to about 24.1 million metric tons for the commercial sector. (NYS GHG
Inventory 2015, Table S-1.)

12 Calculated by IEER from DOE EERE 2012 BEDB, Table 3.1.4.
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comparison point: the entire electricity sector of New York had CO; emissions of 42 million metric tons
in2011.B3

It is important to note the role of natural gas in the combined residential and commercial buildings
sector. When all uses are taken into account, total natural gas use in buildings exceeded the amount
used for electricity generation in 2011 by 59 percent and in 2014 by 72 percent.*

When burned, natural gas generally has lower CO, emissions per unit of energy output than other fossil
fuels; however, this is a very partial story in terms of its impact on climate. That is because methane
(CH4), the main constituent of natural gas, is a very powerful greenhouse gas. Its global warming
potential is about 34 times greater than CO; on a 100-year time frame; and 86 times greater on a 20-
year time frame.™ The large difference between the two is due to the fact that methane has a short
lifetime in the atmosphere compared to CO,. The rapid deterioration of the climate picture and the
need for near total elimination of energy-sector greenhouse gas emissions in the coming decades means
that is it essential to consider the impact of methane, and therefore of natural gas, on a 20-year time
frame.

Further, leaks of natural gas at the point of production, in long-distance pipelines, and in distribution
systems appear to be higher than estimated by the U.S. Environmental Protection Agency. When the
higher global warming potential and the higher end of leak estimates are taken into account, the impact
of methane leaks in warming (CO,-equivalent) terms may well be higher than that due to direct CO;
emissions from burning natural gas (Chapter V, Section 4.i).

This report covers about 63 percent of the building-sector CO, emissions associated with space and
water heating and air conditioning represented by residential structures with one to four housing units
per structure.’® Natural gas is the primary space and water heating fuel in New York State. We
therefore also discuss the implications of reducing methane leaks for CO;-equivalent GHG reductions.

13 NYS GHG Inventory 2015, Table S-1. Electricity sector emissions include those associated with electric air-
conditioning and with electric space or water heating.

14 Calculated from the residential, commercial, and electric power sector tables for New York State (EIA SEDS
Consumption 2016, New York, Tables CT4, CT5, and CT8) in the State Energy Consumption Estimates of the Energy
Information Administration.

15 IPCCS5 Physical Science 2013, Table 8.7 (p. 714)

16 See Sections IV and V for details.
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New York State CO2 emissions by end use, residential sector
detail, 2011
Total emissions: 179.5 million metric tons
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Figure I-1: New York State energy sector CO, emissions for 2011, with residential sector details.
Source: NYS GHG Inventory 2015, Table S-1; residential sector detail: IEER calculations

There are several approaches for reducing direct fuel use for space and water heating. The most direct
way, using commercial technology that is widely available, is to convert fossil fuel space and water
heating systems to efficient electric ones. This reduces energy requirements at the point of use. It can
also reduce primary energy use, which includes losses incurred during electricity generation, depending
on the efficiency of the heat pump water heater and the pattern of hot water use. Thermal electricity
generating plants, notably coal and nuclear, discharge about two-thirds of the energy in fuel as waste
heat.

The conversion to efficient electric systems also prepares the ground for a continual reduction of CO,
emissions from the space and water heating sector as the electricity system is made more renewable
compared to the present one. New York’s emissions per megawatt-hour of electricity generation were
just under a quarter of a metric ton per MWh in 2014.Y7 This level of emissions per unit of electricity is
relatively low when compared with other states; it will further decline as New York implements its plans

17 Calculated from EIA States 2016 New York, Table 7, EIA’s state electricity profile for New York.
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to increase renewable energy to 50 percent by 2030.%8 As the grid is made more renewable using solar
and wind energy, thermal losses in electricity generation are gradually eliminated, making the system
more efficient. The grid can be made fully renewable in 25 to 35 years, at which point the CO, emissions
from electric space and water heating systems will go to zero.®

ll.  Space heating and cooling in New York

Space heating is the largest single residential energy use in New York State, representing 57 percent of
residential energy at the point of use. Water heating accounts for another 17 percent. In contrast,
cooling represents only about 1 percent of the energy at the point of use.?’ However, New York State
has varied climate zones, where the balance of heating and cooling is quite different. Upstate New York
has far greater heating requirements than New York City and its environs, which in turn has higher
cooling requirements relative to the upstate regions.

The New York State Energy Research and Development Authority (NYSERDA) has divided the state into
three climate zones, shown in Figure lI-1. We will use these zones in our analytical framework in this
report.

18 DSIRE NYS RPS 2016

1% For a detailed roadmap of a fully renewable and reliable grid, see Makhijani 2016.

20 EJA RECS 2009 New York. Electricity at the point of use is converted at the rate of 3,412 Btu per kilowatt-hour;
this conversion does not take into account losses in converting fuel into electricity at the power station or
transmission and distribution systems.
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Figure ll-1: Map of Climate Zones in New York State. Yellow = Climate Zone 4; Green = Climate Zone 5;
Blue = Climate Zone 6. Source: NYSERDA 2015,v. 1, p. 3

The heating system methods of households in the three zones are shown in Tables II-1 (all housing
units), 11-2 (structures with one to four units), and 1I-3 (structures with five or more units).?*

Overall, about ninety percent of housing units use heating systems that burn fossil fuels directly for
heating. Most of these units use natural gas (56 percent); fuel oil is the second most prominent heating
fuel (27 percent). Only a small fraction of homes use electricity (seven percent) for heating and an even
smaller number use wood or wood pellets. Some large buildings also have steam heating; fossil fuels
are usually used to produce the steam.

The cooling system characteristics of households in the various zones are shown in Tables II-4 through II-
6. Table Il-4 shows cooling system data for all housing units; Table 1I-5 shows the data for structures
with one to four units; Table 11-6 shows the data for structures with five or more units.?? Unlike many
states with warm and humid climates where central air conditioning dominates, room air conditioners
are the most common type of cooling technology, followed by central air conditioners. Since summers
are not very harsh in much of New York State compared to the more southerly states along the Atlantic
coast, almost a million New York households have no cooling system at all. Households without cooling
systems are mainly in structures with one to four units, rather than apartment buildings with five or
more units. The cooling requirements in Climate Zone 4 (New York City and environs) are markedly

2! Data compiled by IEER from Volumes 1 and 2 of NYSERDA 2015.
22 Data compiled by IEER from Volumes 1 and 2 of NYSERDA 2015.
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greater than in Climate Zones 5 and 6. There are about 550 cooling degree days on average in the latter
two zones; the total annual cooling degree-days in Climate Zone 4 are about double that.?

Figures II-2 and II-3 show the heating and cooling system characteristics (respectively) of households in
New York State by climate zone.

Space heating fuels in New York State
households (7.6 million) by climate zones,

2011
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Figure 1I-2: Space heating fuels, percentage of households, by climate zone, 2011
Source: Compiled by IEER from NYSERDA 2015, Vols. 1 and 2

Cooling technologies in New York State
households (7.6 million) by climate zones, in
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Figure 1I-3: Space cooling technologies, percentage of households, by climate zone, 2011
Source: Compiled by IEER from NYSERDA 2015, Vols. 1 and 2

23 Heating and cooling degree days are from NYSERDA Degree Days 2016.
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There are generally significant differences in the energy use patterns of single unit housing structures
and structures with 2 or more units. There are also energy use differences between structures with 2 to
4 housing units and those with 5 or more units. Most of the housing units in the latter type of structure
are in large buildings. In this report we will not analyze housing units located in structures with 5 or
more units, just under one-third of the total. Of the 5+unit structures, almost 90 percent are in New
York City and its environs — that is, in Climate Zone 4.

This analytical framework is well-suited to consider the question at hand: the energy, CO, emissions, and
cost implications of converting fossil fuel used for space and water heating to electric systems.

The data in the NYSERDA Residential Statewide Baseline Study (NYSERDA 2015) do not distinguish
between structures that have only one unit and those that have 2 to 4 units. These data are available
for New York City, where about 56 percent of all housing units in the state were located in 2011. We
used the split between one unit and 2 to 4 unit housing structures in the New York City area as being
typical of other areas of the state to create a statewide picture. We tested the aggregated energy
picture that emerged for space heating and cooling against published statewide data and found
reasonable agreement; this provided the basis for selecting the “typical” heating and cooling examples
that we analyze in this report.
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Table 1l-1: Heating characteristics of New York households. Overall (single and multiple family), 2011, by climate zone

Natural gas
from Propane District Wood/wood Other,
Electricity (bottled Fuel oil Kerosene Solar Geothermal specify Total
underground steam pellets
. gas) (coal)
pipes
Zone 4 277,022 2,533,721 19,947 61,472 | 1,667,311 0 12,467 0 12,467 66,459 4,650,866
Zone 5 158,534 1,430,935 182,585 1,922 252,912 11,532 84,565 1,922 11,532 15,376 2,151,814
Zone 6 74,685 295,513 126,225 0 179,832 42,854 98,954 779 6,233 11,687 836,763
Subtotal 510,242 4,260,170 328,756 63,394 | 2,100,055 54,386 195,986 2,701 30,232 93,522 7,639,444
Table II-2: Heating characteristics of New York households: structures with one to four units, 2011, by climate zone
Natural gas
Electricit from F()l:r)cc)JFt)t?ende District Fuel oil Kerosene Wood/wood Solar Geothermal so t:s% Total
y underground steam pellets P
. gas) (coal)
pipes
Zone 4 149,600 1,326,452 19,947 7,480 952,452 ~0 12,467 ~0 12,467 12,467 2,493,331
Zone 5 130,692 1,235,809 182,585 1,922 246,009 11,532 84,565 1,922 11,532 15,376 1,921,942
Zone 6 56,100 260,241 126,225 0 176,091 42,854 98,954 779 6,233 11,687 779,166
Subtotal 336,392 2,822,502 328,756 9,402 | 1,374,552 54,386 195,986 2,701 30,232 39,530 5,194,439
Table 1I-3: Heating characteristics of New York households: structures with five or more units, 2011, by climate zone
Natural gas
Propane — Other,
Electricity from (bottled District Fuel ol Kerosene Wood/wood Solar Geothermal specify Total
underground steam pellets
) gas) (coal)
pipes
Zone 4 127,422 1,207,270 0 53,992 714,859 0 0 0 0 53,992 2,157,535
Zone 5 27,842 195,126 0 0 6,903 0 0 0 0 0 229,872
Zone 6 18,585 35,272 0 0 3,740 0 0 0 0 0 57,598
Subtotal 173,850 1,437,668 0 53,992 725,502 0 0 0 0 53,992 2,445,005
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Table II-4: Cooling systems in New York households: overall, by climate zone, 2011

Room Central Building None Heat Other Total
central pump
Zone 4 3,084,426 | 1,062,930 174,935 268,401 39,893 22,440 | 4,653,026
Zone 5 936,628 803,971 9,664 363,965 33,973 5,766 | 2,153,966
Zone 6 421,580 132,235 1,266 268,671 10,616 1,558 835,927
Subtotal 4,442,633 | 1,999,137 185,865 901,038 84,482 29,764 | 7,642,919

Table II-5: Cooling systems in New York households: structures with one to four units, by climate zone, 2011

Room Central Building None Heat Other Total
central pump
Zone 4 1,294,039 954,946 0 182,013 39,893 22,440 | 2,493,331
Zone 5 814,904 730,338 0 342,106 30,751 5,766 | 1,923,864
Zone 6 391,141 125,446 0 250,891 9,350 1,558 778,387
Subtotal 2,500,083 | 1,810,729 0 775,010 79,994 29,764 | 5,195,582

Table II-6: Cooling systems in New York households: structures with five or more units, by climate zone, 2011
Building Heat

Room Central None Other Total
central pump
Zone 4 1,790,387 107,985 174,935 86,388 0 0| 2,159,695
Zone 5 121,724 73,633 9,664 21,860 3,221 0 230,102
Zone 6 30,439 6,790 1,266 17,780 1,266 0 57,540
Subtotal 1,942,550 188,407 185,865 126,027 4,487 0| 2,447,337
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Table I1I-7: Households in one unit and two-to-four unit structures in the three New York Climate Zones

1 to 4 units 1 unit 2 to 4 units
Zone 4 2,493,331 1,749,219 744,112
Zone 5 1,921,942 1,455,997 465,945
Zone 6 779,166 590,269 188,897
Subtotal 5,194,439 3,795,486 1,398,953

Source: NYSERDA 2015 and for New York City: US Census NYC 2013 AHS, Table C-01-AO-M, New York
City

Of the housing units left out of the study (those in buildings of 5 or more apartments), almost 90
percent are in Climate Zone 4 (New York City and environs, including Long Island). These data are

shown in Table 1I-8.

Table 1I-8: Households in buildings with five or more units, by climate zone

5 or more units
Zone 4 2,159,695
Zone5 230,102
Zone 6 57,540
Subtotal 2,447,337

Source: NYSERDA 2015

In effect, our omission of buildings with five or more units in this study is very largely coincident with the
omission of large apartment buildings in New York City and its environs. Even so, more than half of the
housing units in Climate Zone 4 are included in this assessment.

We have omitted the large apartment buildings, mainly in the New York City area, due to the complexity
of modeling them by the methods used in this study. Specifically, it would be very difficult to represent
the variety of buildings so as to reasonably estimate the cost impact (and hence the economic
feasibility) of eliminating or greatly reducing the use of fossil fuel use for space and water heating in
large apartment buildings. The energy use and emissions per unit would be expected to be lower than
in the single unit and two-to-four unit buildings due to lower losses via exterior surfaces and smaller
floor area. Large apartment buildings represent about a third of the total housing units in the state;
their space and water heating may be on the order of one quarter of the total for the residential sector.
Given their importance, this is an area that deserves further study.

lll.  Technologies for reducing HVAC-related CO; emissions

Fossil fuel use for space heating can be reduced in a variety of ways. For new buildings, it is important is
to adopt the passive house approach, which relies on the design and orientation of the structure and its
features to eliminate most of the demand for heat. This can easily be accomplished in new buildings.

A passive house approach for new buildings is especially applicable in Climate Zones 5 and 6, where

cooling requirements, as indicated by cooling degree days, are relatively low. Passive house standards
are most stringent for the building envelope. They eliminate three-fourths or more of the energy used
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for heating and cooling®* and yet cost only five to ten percent more compared to standard
construction.”® Single family, detached home construction data indicate an additional cost of between
$12,000 and $24,000 to build to these standards.?® This does not take into account the near-certain
result that enactment of passive house standards would lower that additional cost, because such
construction currently tends to be custom-designed. Total annual energy costs in Climate Zone 5ina
typical detached single family structure would typically be about $2,700, including all energy uses. Of
this the space conditioning and water heating costs are about $1,700. (See Section IV.2, Table Zone 5-
B.) If the total energy savings in heating and cooling bills due to passive construction amount to about
three-fourths of the total shown in Table Zone 5-B, the present value of the savings over 22 years would
be about $21,000. Typically passive houses also have very efficient appliances, which would reduce
electricity use and bills for other uses of electricity that space heating, cooling, and water heating. At
$300 per year in savings, and a typical appliance life of 10 years, the present value of the savings would
be about $2,600.2” Hence the total energy bill savings indicated would offset the upper end of the added
cost of passive construction, justifying the promulgation of such standards. The benefits are magnified
when low-income housing is built to these standards, due to increased non-energy benefits such as
improved health. One would also expect fewer evictions and foreclosures due to greatly decreased
conflicts between paying energy bills and making rent or mortgage payments.?®

However, new housing only slowly replaces existing structures. The main issue that needs to be
addressed in regard to phasing out space heating and cooling related CO, emissions, is retrofitting
existing buildings. The most common approach for converting fossil fuel space heating to an efficient
electric system is to use some kind of “heat pump.” This is a machine that draws energy in the form of
heat from the environment (the air or the ground); this energy is then “pumped up” to the temperature
required to provide comfortable space heating by a machine that is essentially an air conditioner
operating in reverse. It takes the outside heat and puts it into the house, while an air conditioner does
the reverse.

Almost all heat pumps can be run in reverse to provide air conditioning (cooling) in the summer. The
conversion from fossil fuels to efficient cold climate heat pumps thus presents the added opportunity of
making air conditioning more efficient through the suitable choice of equipment, since such heat pumps
also typically cool more efficiently.?® This would reduce energy use and air-conditioning-related CO,

24 Gregor 2015

5 passive House Institute 2016. The added cost per square foot is smaller for larger buildings.

26 Data on construction cost are from National Association of Home Builders (Taylor 2015, Table 2). We used the
construction cost as 60 percent of $400,000, which approximates the typical values provided for 2011, 2013, and
2015.

27 We use a 22-year calculation for present value for heating as the average between a 30-year mortgage and a 15-
year life of HVAC equipment. We assume that about a third of the electricity used in appliances and lights would
be saved in a passive house compared to a standard new house.

28 See Makhijani, Mills, and Makhijani 2015 for a detailed discussion of non-energy benefits of lowering the energy
bills of low-income households to affordable levels.

2 The efficiency of a heat pump for a given outdoor winter (or summer) temperature depends on a number of
factors including the efficiency of the compressor and the motor that drives it as well as the refrigerant that is used
as the operating fluid to transfer heat (or cold) from one side of exterior walls of the house to the other. The use
of high efficiency compressors, variable speed motor drives, and refrigerants that boil at low temperatures (such
as 50°F below zero) makes cold climate heat pumps more efficient than typical equipment. Geothermal heat
pumps are even more efficient since they extract (or dump) heat from (or into) the ground, where the year-round
temperature is more even.
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emissions. Making air conditioning more efficient has the added advantage of reducing summer peak
loads and hence overall costs of the system of electricity supply. This is because overall electrical
system capacity is geared to meeting peak load. Peaking capacity, notably from gas turbines, sits idle for
well over 90 percent of the year and often over 95 percent of the year. The capital costs of capacity
must be paid whether the system is producing or not. The idle time is the main factor that makes
supplying peak load expensive.

Two different types of heat pumps — air-to-air and geothermal are commonly used.

1. Air-to-air heat pumps draw heat from outside air in the winter and pump it up to a higher
temperature to provide heating in the structure. The reverse process takes place in the
summer, when heat is taken from inside the house and dumped into the outside air in a manner
similar to the operation of a refrigerator. As noted, we recommend the more efficient cold-
climate heat pumps from among the air-to-air heat pumps for use in New York State.

2. Geothermal heat pumps take heat from the ground (or a water body) and pump it up to heat
the home in the winter, with the reverse process occurring in the summer for cooling.

Each system has variants but the broad principle of heat pumps is that they take “free” energy from the
environment in the winter, thus providing greater heating than would be available using electricity as a
heat source alone. Both types of heat pumps use electricity to run the pumps — the electricity is for a
motor to drive the compressor and another motor to drive a fan. Figure Ill-1 shows a schematic of a
heat pump operating in the winter as a heating system — drawing heat from the outside air, pumping it
up to the requisite temperature and providing heat for the house.

A split-system heat pump heating cycle
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Figure lll-1: A heat pump operating in heating mode. Evaporation is the means by which heat in the
outside air is absorbed by a liquid refrigerant that boils at low temperature (as low as -50°F).
Source: DOE EERE 2013, http://energy.gov/eere/energybasics/articles/air-source-heat-pump-basics
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Figure 1lI-2 shows a schematic of a closed-loop geothermal heat pump, operating in air-conditioning
mode. It also has a de-superheater; this is a device that extracts some of the heat that would otherwise
be wasted and uses it for hot water. Thus, a geothermal heat pump not only reduces space heating
requirements and makes air conditioning more efficient; it also reduces energy requirements for hot
water — more so in the summer than in the winter.

Ground Source Heat Pump
Cooling Mode

Figure lll-2: A geothermal heat pump shown a cooling mode. The indoor equipment is as in Figure IlI-1,
but the circulation of the refrigerant is reversed. Source: EPA Geothermal 2016

The big advantage of geothermal heat pumps is that, at depths of more than a few feet, the ground
remains well above freezing temperatures, making it a reliable and predictable source of heat available
to the heat pump system. The air-to-air heat pump, in contrast, must extract heat from a wide range of
air temperatures.

Air-to-air heat pumps have their compressor coils outdoors; they can therefore become covered with
snow or frost, reducing efficiency and requiring energy for defrosting. In contrast, geothermal heat
pumps have all their equipment indoors — and the well is underground. This not only assures better
performance overall, but also results in longer equipment life. The biggest disadvantage of geothermal
heat pumps is the up-front cost. Specifically, the closed loop system required for a vertical well or
horizontal coils adds a considerable amount to the overall cost, with the former generally being more
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expensive than the latter.?° Cold climate heat pumps are air-to-air heat pumps that operate efficiently
down to low temperatures, well below freezing. However, a geothermal heat pump is even more
efficient than a cold climate heat pump. Moreover, the only outside equipment, the geothermal
ground-loop, is underground. Unlike an air-to-air heat pump, the compressor and condensing coil are
inside the house. A geothermal heat pump therefore typically lasts much longer than an air-to-air heat
pump; the ground loop can be expected to last as long as the house. The higher efficiency and durability
offset much of the added cost of the geothermal heat pump.

Efficient extraction of heat requires, among other things, a refrigerant that boils at low-temperatures.
Many ordinary air-to-air heat pumps are relatively inefficient below the freezing point of water and
require supplemental strip heat (i.e., a resistance heating element) as a backup at low temperatures.3!
This means that the heat pump aspect of the device is lost, since little or no heat is being derived from
the atmosphere.

Air-to-air heat pump efficiency can be increased by using low boiling point refrigerants. These are called
cold climate heat pumps. Modern “cold-climate” heat pumps use R-410A as a refrigerant, which boils at
about -55°F;*2 they are therefore able to extract heat from the air at far lower temperatures than those
generally encountered in New York State. The same refrigerant is used in geothermal heat pumps.
Evidently, the refrigerant will boil more vigorously and the vapor will achieve a higher temperature, the
higher the ambient temperature. For this reason, geothermal heat pumps are more efficient (all other
things being equal) than air-to-air heat pumps.

Figure 111-3 shows the performance of three different types of air-to-air equipment at various
temperatures.

30 There are also open loop geothermal systems that use groundwater or surface water as a heat source.

31 Even highly efficient heat pumps generally have a resistance heating element in case of extreme weather.

32 Wikipedia R-410A 2016, https://en.wikipedia.org/wiki/R-410A. R-410A is the typical way in which the refrigerant
is designated in the HVAC industry. Itis a hydrofluorocarbon and, therefore, is also known as HFC-410A. ltis a
greenhouse gas that is more than 2,000 times more powerful than CO2 (100-year averaging time). (Rajendran
2011) Replacement of R-410A by a refrigerant that is less potent or not a greenhouse gas is desirable. Actually
CO2is a good refrigerant. It’s boiling point at -109°F is even lower than R-410A. A global treaty to reduce the use
of HFCs was arrived at in October 2016. (UNEP 2016)
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Figure l1l-3. Heating capacity of heat pumps at various outdoor temperatures (before correction for
defrost). Source: Recreated by IEER from Mitsubishi 2010, p. 7.

It is evident from Figure I1l-3 that “cold climate” heat pumps can provide efficient heating down to about
5°F.

Even cold climate heat pumps lose heating capacity at temperatures around 5°F and below. However,
temperatures in New York State, especially in Climate Zones 5 and 6, are frequently below that level.
Geothermal heat pumps do not have the problem of falling performance at low temperatures, but they
are far more expensive than cold climate heat pumps, essentially due to the added cost of the ground
loop that collects the heat from the ground. We therefore examine two emerging heat pump
technologies that could improve performance over cold climate heat pumps and with lower cost than
geothermal heat pumps.

1. Solar assisted heat pumps

The efficiency of air-to-air heat pumps at low temperatures can be improved by combining them with
solar thermal technology. Normally, solar thermal technology is used for hot water supply. The working
fluid heated in the solar panel is either water or anti-freeze; it stays liquid throughout the process. Solar
thermal technology is not suitable for the rigorous demands of space heating in cold climates, not least
because solar energy availability is lowest in the winter when the need is greatest. However, if a
refrigerant that boils at a very low temperature (such as R-410A at -55°F) is circulated in solar thermal
panels, much more heat can be extracted.

This new approach to extracting heat from the winter sun using a low-boiling point refrigerant has been
joined to air-to-air heat pump technology. Further, unlike a normal air-to-air heat pump, no outside
compressor is needed if the application is only for heating. The operation is similar to an air-to-air heat
pump from there on. The enhancement of heat extraction by solar panels allows the heat pump to
operate at higher efficiency at any given temperature. This technology is being commercialized by a
Canadian company, SunPump Solar, based near Vancouver, British Columbia. Basically, the solar
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thermal panels replace the ground loop of the geothermal heat pump.3® The system can also deliver hot
water. As with essentially all heat pumps, it has an electric resistance element for extreme
circumstances. One evaluation put the coefficient of performance (COP) at 7 in the daytime
(presumably on a sunny day) and 2.7 at night.3* Coefficient of performance indicates how much heat is
provided for each unit of electricity consumed. Thus a COP of 7 means that 7 units of heat will be
delivered into the house for each unit of electrical energy consumed. Since it is basically an air-to-air
heat pump, it works even when the solar panels are covered with snow, as long as the refrigerant can
boil.

SunPump Solar has sold about 100 heat pumps to date.>> While most installations are in the Vancouver,
British Columbia, area, there are also installations in climates more nearly comparable to the
northeastern United States, like the home shown in Figure Ill-4, in Prince Edward Island.

Island, Canada. Source: SunPump Gaudin 2016 (Solar Source Ltd, PEI, Canada. www.sunpump.solar)

The climate on Prince Edward Island is slightly colder than that of Albany, New York (in Climate Zone 5).
It would appear therefore that this technology could be used in a wide variety of situations in New York
State, probably across all its climate zones.

So far the system has been installed in heating mode only. An outside compressor and coil would need
to be added for central air conditioning. However, it would not be needed in most circumstances in
New York’s Climate Zones 5 and 6, where room air conditioners are the more common form of air
conditioning. Thus it would appear that this new solar-assisted heat pump technology may be ideal for
New York, notably in situations where room air conditioning is used.

2. Oak Ridge/Emerson advanced cold climate heat pump

33 See the company’s FAQ at https://www.sunpump.solar/solar-heating-f-g. (SunPump FAQ 2016)

34 Alter 2015. The company is also combining the solar thermal panel with solar PV so that the system generates
heat for the heat pump and electricity for other uses (including operating the heat pump compressor).

35 personal email communication, Lois Chalmers with SunPump Solar CEO, Bruce Gray, November 5, 2016 (Gray
2016)
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Another approach to improving upon cold climate heat pumps is an advanced cold climate air-to-air
heat pump developed by Oak Ridge National Laboratory and Emerson Climate Technologies, with
innovative compressor arrangements, which can operate efficiently down to -13°F. This is considerably
better than currently sold cold climate heat pumps, which go down to about 5°F — the efficiency declines
at lower temperatures (see Figure llI-4 above). Other than the advanced compressor design optimized
for very low temperature operation, this system is basically the same as a normal air-to-air heat pump.
The system has been tested in a real home in Sydney, Ohio; performance was slightly better than
expected;3® however, the technology has not yet been commercialized. There appear to be no technical
obstacles to its commercialization, as far as IEER can determine. The main obstacle appears to be that
there is not an uptake of the technology for manufacturing, possibly reflecting a complex legal-economic
situation. If commercialized, the Oak Ridge/Emerson scroll compressor heat pump may be the most
economical cold climate heat pump suited for all climate zones in New York State.

3. Heat pump water heaters

Residential water heating is responsible for about 3 percent of New York State’s energy sector CO;
emissions; about two-thirds of that is due to direct use of fuels (mainly natural gas) and the rest is
resistance electric water heating. As with space heating, water heating can be made much more
efficient either through the use of heat pump water heaters to replace natural gas and resistance
heaters or through waste heat recovery in conjunction with geothermal heat pumps. We have already
discussed the latter in a previous section.

Heat pump water heaters work on the same principle as space heating heat pumps. However, the
practical implications are somewhat different in that the heat pump will generally draw its “free” energy
from the ambient air inside a utility room, closet, or garage where it is located rather than from outside
the structure, as is the case with space heating heat pumps.

Heat pump water heaters cool down the air around them when they withdraw energy from it to heat
the water. If the heat pump water heater is in a conditioned space, it means that air-conditioning
energy requirements are reduced in the summer, while heating requirements are made higher in the
winter. As a first approximation, there is no net effect in the spring and fall. A second consideration is
that there must be a sufficient volume of air®” around the heat pump water heater from which it can
draw energy. This can restrict the use of heat pump water heaters. For instance, it may not be feasible
to install them in apartments where resistance or natural gas water heaters are installed in closets or
other tight spaces. In such cases, a SunPump device or on-demand electric water heaters may be an
appropriate way to reduce direct fossil fuel use for water heating.

i. Retrofitting electric water heaters

36 Abdelaziz and Pham 2016. The heat pump uses two scroll compressors operating in parallel.
37 The volume of air needed is a structure-specific design parameter that will be vary from one installation to the
next.

28



About one-fifth of New York State households in one-to-four unit structures use electric water heaters3®
-- about one million households in all. A heat pump water heater costs $900 more than a regular
electric water heater; it is about 3 times as efficient. Figure IlI-5 shows the investments and payback in a
scenario that replaces 10,000 electric resistance water heaters per year over a period of 10 years for a
total of 100,000 replacements.

Cumulative net savings, total 100,000 water
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Figure 11I-5: Net cumulative savings, over ten years, obtained by replacing 10,000 electric resistance
water heaters each year with electric heat pump water heaters in low-income households currently
receiving assistance. Source: IEER.

It is clear that such a retrofit program could have significant value, especially for low-income
households. Given New York’s program to limit household energy bills of low-income households to 6
percent of income, the reduced electricity bills would also reduce assistance costs.

IV. Case studies of conversion from fossil fuels to electricity

Figure I-1 above shows that conversion of direct fossil fuel use for space and water heating in New York
State to electric systems that can be powered by renewable energy is essential for achieving deep
reductions in CO; emissions by the middle of the century. We developed case studies of typical
situations in Climate Zones 4 and 5 that would allow evaluation of heating technology retrofits to
households, while also being, when put together, approximately representative of New York State as a
whole, except for large apartment buildings.>®

38 NYSERDA 2015, v. 1, Table 38. The proportion is 37 percent in structures with five or more units. (NYSERDA
2015, v. 2, Table 27) We have not analyzed the latter in this report. The same reasoning for electric water heater
conversion would apply in the case of large apartment buildings. The technical potential for retrofitting heat pump
water heaters would be limited in such cases by the lack of suitable locations for their installation.

39 As previously noted, we exclude buildings with five or more units from the quantitative parts of our analysis
even though the technologies discussed here may have applicability to many of them. As a result about two-thirds
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1. Approach to selecting case studies

We consider buildings with one housing unit (detached or attached) and buildings with 2 to 4 units, in
Climate Zones 4 and 5. We exclude buildings with five or more housing units from this analysis. Almost
90 percent of the 5+ housing unit buildings are in Climate Zone 4 — that is New York City and its environs
(including Long Island). This separation of building types is important for a variety of reasons, including
the prevalence of room air conditioning as the single most common type of cooling in New York State.
We assume that central air conditioning is much more likely to be used in single family structures
(attached or detached), while room air conditioning is more likely to be used in structures with more
than one housing unit. In turn, the partition of central and room air conditioning is important in
evaluating the cost of HVAC system retrofits and payback time.

New York State’s baseline survey does not include a breakdown of housing units into 1 unit buildings
and 2 to 4 unit buildings. Rather, it provides data only for 1 to 4 unit buildings and buildings with 5 or
more units. We used New York City data, where a more refined breakdown is available, to infer
approximate numbers of buildings in each climate zone. New York City represents about 56 percent of
the total households in the State; hence the method should provide values that are adequate for the
purposes of the analysis in this report. The results of our analysis are shown in Table IV-1.

Table IV-1: New York State housing by climate zone and number of units per structure (rounded)

5 or more Total
1 unit 2 to 4 units | units
Zone 4 (actual) 1,749,000 744,000 2,160,000 4,653,000
Zone 5 (approximate) 1,456,000 466,000 230,000 2,152,000
Zone 6 (approximate) 590,000 189,000 58,000 837,000
Total 3,795,000 1,399,000 2,447,000 7,641,000

Source: IEER analysis based on NYSERDA Residential Statewide Baseline Study (NYSERDA 2015, v. 1 and
v.2) (see Tables II-7 and 11-8 above), and New York City data (US Census NYC 2013 AHS, Table C-01-AO-
M, New York City).

We analyzed a single family detached structure and an apartment in a two to four unit building in both
Climate Zone 4 and Climate Zone 5. For the single family structure, we considered pre-retrofit fuel oil
heating and natural gas heating. For the apartment, we considered only pre-retrofit natural gas heating.
Electric heating is not common in New York State (only nine percent of the total). We used prices of
electricity, natural gas, and fuel oil typical of each zone for the year 2013.

To examine whether the structures we chose were typical, we checked our household case studies
against the total heating and cooling energy statewide totals, making approximate adjustments for
house types not represented in the case studies. This provides a check on the representativeness of the
case studies for policy making purposes.

of New York’s residence are included in this part of the study. While we have not explicitly analyzed Zone 6, the
analysis for Zone 5 generally applies, with the caveat that heating requirements are somewhat higher and cooling
requirements somewhat lower in Zone 6 compared to Zone 5.
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2. Case studies

i. Single unit structure

Table Zone 4-A compares site energy use, CO; emissions, and peak power demand for a single unit
structure in New York’s Climate Zone 4 using oil or natural gas as a fuel with a retrofit using a

geothermal heat pump or retrofit using a cold climate heat pump. In all these comparisons, we assume

that the fossil fuel heated home uses natural gas water heating. For the geothermal retrofit, we assume
that a de-superheater is installed. In the case of a cold climate heat pump, we assume that a heat pump
water heater is installed.

Table Zone 4-A: Site energy use, cumulative CO; emissions over 15 years, and peak power demand —
Detached Climate Zone 4 housing unit

ZONE 4 DETACHED STRUCTURE - ONE HOUSING UNIT
Qil Natural gas GHP Cold Climate HP

Space heating, MMBtu 60 60 12 16
Water heating, MMBtu 12 12 4 2
Electricity, fan/pump+A/C, MMBtu 8 8 4

Total site energy, MMBtu 80 80 20 22
Peak load (A/C), kW 2.2 2.2 0.8 1.2
Cumulative CO,, 15 years, mt 81.4 63.1 14.2 15.7
CO; reduction vs oil, mt N/A N/A 67.1 65.6
CO; reduction vs natural gas, mt N/A N/A 48.8 47.3
peak load reduction, kW N/A N/A 1.4 1.0

Source: IEER calculations.

Notes: 1. Oil and natural gas heating based on a 1,500 to 2,000 square foot single housing unit structure.
Heating estimate is derived from the Energy Star template, using an 80 percent efficiency for oil and
natural gas furnaces, and rounded to one significant figure.

2. Geothermal system heating coefficient of performance (COP) assumed = 4%° and cold climate
heat pump COP assumed = 3.5.** Annual average heat pump water heater COP assumed = 3.
Geothermal heat pump de-superheater would supply 54.7 percent of the hot water,* with the rest
being supplied by resistance electric heat. The overall COP of hot water supply would be about 1.7.

3. MMBtu means million Btu. Site energy for electricity is obtained by using 1 kWh-electrical =
3,412 Btu.

40 For COPs of Energy Star geothermal heat pumps see Energy Star GHP 2016. We have used 4, which is about 20
percent lower than the best performing closed loop system in this list. The range of COPs is 3.6 to 4.8.

41 For cold climate heat pump performance see Winterize Maine 2014, p. 15. This document provides HSPF
(heating system performance factor values) in the 10 to 12.5 range for ductless systems. We have used a COP of
3.5, which corresponds to an HSPF of about 12. These COPs assume that the homes have been insulated and leak-
proofed well enough to prevent frequent operation of strip heat.

42 A GE GeoSpring 50 gallon water heater has a nameplate COP of 3.25. (Lowe’s GeoSpring 2016). We use a slightly
lower value here to take account of the lower net efficiency in the winter and higher net efficiency in the summer,
with the former being more important.

43 NY-Geo 2016, p. 23
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4. New York CO; emissions for 2017 per MWh of electricity = 0.242 metric tons, based on the value
for 2014. (EIA States 2016 New York, Table 7). We use 2017 as the first year of program
implementation for the purpose of calculation of CO, emission reductions. We estimated an emission
rate of about 0.1 metric tons per MWh in 2030, given New York’s renewable energy target of 50 percent
by that date. Cumulative emissions for 15 years were calculated using an average of these two values

(i.e., 0.171 metric tons per MWh).

Table Zone 4-B shows the annual cost comparison; Table Zone 4-C shows the overall analysis of present
value over 15 years. Since the geothermal heat pump is expected to last for 25 years and the closed
loop well for 50 years, we assume a residual value for the geothermal heat pump in the overall cost
comparison. All other equipment is assumed to last for 15 years.** In all cases, we assume that the
retrofit takes place at the time when the fuel oil or natural gas furnace needs replacement. Thus, only
the net cost increase of a heat pump system over a fossil fuel system is taken into account.

Table Zone 4-B: Annual energy costs and savings — Detached Climate Zone 4 housing unit

COST AND SAVINGS, ZONE 4 DETACHED HOUSING UNIT

Oil Natural gas | GHP Cold Climate HP
Energy cost (space+water heating +A/C) $2,660 $1,970 $1,586 $1,755
Annual energy cost savings, relative to oil N/A N/A $1,078 $910
Annual energy cost savings, relative to
natural gas N/A N/A $358 $189
Total energy cost, including non-heating
and cooling uses, S/y $3,900 $3,209 $2,825 $2,994
Energy burden @poverty level (3-person
household), based on total energy cost 20% 16% 14% 15%
Assistance to keep energy burden @6% of
income, $/y $2,728 $2,037 $1,654 $1,822

Source: IEER calculations

Notes: 1. Fossil fuel and electricity prices were assumed to be constant in real dollars

. 2. Natural gas

cost in Zone 4 = $18.32 per million Btu®*; fuel oil = $29.86 per million Btu“®; electricity = $0.27 per
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kilowatt-hour (rounded).*’ These are values for 2013. Natural gas and fuel oil prices are lower in 2016,
but they have been much higher than those assumed in this report. See Section V.5, below.

We note that households at the poverty level with oil-heated homes in New York Climate Zone 4 have a
very high energy burden — 20 percent of income, assuming a household with three people with income
at the federally defined poverty level (519,530 for the year 2013). Installation of an efficient heat pump
system (including an efficient electric water heating system) significantly reduces the energy burden.
Another way of looking at it, is that there is a direct benefit to ratepayers and/or taxpayers for
retrofitting low-income homes. This is because the New York Public Service Commission has ordered
that energy burdens of low-income households be limited to 6 percent of household income.*® This

4 For air to air heat pump system life, see CEE 2016. For geothermal heat pump system life, see DOE EERE 2016.
4 Consolidated Edison rate in NYSERDA Trends 2015, Appendix F-4

46 New York City fuel oil price, NYSERDA Qil Price 2016. Conversion parameter: #2 fuel oil = 138,000 Btu/gallon,
Energy Star Conversions 2015, Figure 3.

47 Consolidated Edison rate in NYSERDA Trends 2015, Appendix F-1

48 NYS PSC Affordability Order 2016, pp. 3, 14-15
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means that some combination of ratepayer and taxpayer funds will be required to provide the funds
whenever energy burdens are more than 6 percent of gross income. Such programs are often called
Percentage of Income Payment Plans.

However, the policy can only fully reach New Yorkers who heat their homes with electricity or natural
gas, *° because the regulation of those services and the terms on which utilities supply them are within
the purview of the PSC. Low-income households which heat with fuel oil, propane, or kerosene — used
by about 2.4 million households®® -- will continue to be eligible for federal heating assistance. But they
also need to be included within the New York State program to limit energy bills to 6 percent of income,
not least because these households tend to have the highest energy burdens.

The New York PSC appears to have recognized the problem; the PSC Affordability Order opens the door
for the inclusion of low-income households that use fuel oil and propane for heating in the percentage
of income affordability program:

At present, enrollment in most utility low income affordability programs generally is
provided automatically to customers on whose behalf the utility received a HEAP [Home
Energy Assistance Program] payment; however, recent events may clear a path for
extending eligibility to all HEAP recipients, regardless of fuel type. Due to federal
requirements, OTDA [Office of Temporary and Disability Assistance] has instituted new
performance measures that are intended to ensure that HEAP benefits are targeted to
those households with the greatest need. OTDA, with the assistance of the utilities, will
now be required to gather and report certain data for all HEAP recipients, regardless of
fuel type. To comply with the federal requirements, beginning with the 2015-2016 HEAP
program year, OTDA intends to begin providing lists of all HEAP recipients in their
respective service territories to the utilities, so that they can provide the required
data.’!

Reducing the energy bills of low-income households, for instance by subsidizing more efficient heating
systems and by making building envelopes less leaky, has the direct effect of reducing bills. Since
everything above 6 percent of income would be covered by assistance, reducing the bills under a
percentage of income payment plan reduces the amount of assistance needed — dollar for dollar until
the energy bills reach 6 percent of the low-income household’s income. This benefit is in addition to the
non-energy benefits of lowering energy burdens, such as reduced homelessness and greater capacity to
meet food and medical needs.>?

Table Zone 4-C shows cumulative direct costs, as well as the CO; and peak load reduction benefits. We
have calculated payback time in two ways:

e On the basis of direct costs alone;
e On the basis of direct costs plus benefits from reducing CO, emissions and reducing peak loads.

49 NYS PSC Affordability Order 2016, fn. 8 on p.8

50 NYS Energy Plan 2015, v. 2 (End-Use), Table 7 (p. 17)
51 NYS PSC Affordability Order 2016, pp. 14-15

52 Makhijani, Mills, and Makhijani 2015
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Table Zone 4-C: Cumulative cost comparison over 15 years, with and without CO, and peak load benefits
— Detached Climate Zone 4 housing unit

15 YEAR COST COMPARISON, PRESENT VALUE, ZONE 4 DETACHED HOUSING UNIT

CO; reduction benefit, cumulative,

Qil Natural gas GHP Cold Climate HP
Initial system cost, $ $4,000 $4,000 $24,000 $8,300
System residual value @15 years S0 S0 $7,510 SO
Added cost of heat pump system S0 S0 $12,490 $4,300
Annual energy cost $2,665 $1,970 $1,586 $1,755
Annual savings in energy cost
compared to oil N/A N/A $1,078 $910
Simple payback time for oil
retrofit, years N/A N/A 11.6 4.7
Annual savings in energy cost
compared to natural gas N/A N/A $384 $215
Simple payback time, for NG
retrofit, years N/A N/A 32.6 20.0
Present value of energy costs, 15
years $31,809 $23,514 $18,934 $20,945
Cumulative total costs $35,809 $27,514 $31,424 $25,245
Cumulative savings, present value,
compared to oil N/A N/A $4,385 $10,564
Cumulative savings, present value,
compared to natural gas N/A N/A ($3,910) $2,269

relative to oil N/A N/A $2,612 $2,553
Peak load reduction benefit,

present value N/A N/A 51,382 $982
Total net cost, oil retrofit $35,809 | N/A $27,431 $21,710
Cumulative savings relative to oil,

with CO; and peak load reduction

benefits N/A N/A $8,378 $14,099
CO; reduction benefit, cumulative,

relative to natural gas N/A N/A $1,900 $1,841
Peak load reduction benefit,

present value N/A N/A $1,382 $982
Total net cost, natural gas retrofit | N/A $27,514 528,143 $22,423
Cumulative savings relative to

natural gas, with CO, and peak

load reduction benefits N/A N/A ($629) $5,091

Source: IEER calculations

1. Social discount rate of 3 percent in constant dollars was used to compute present value. We have
assumed no inflation in fuel or electricity costs.

2. We used a social cost of carbon of $42.87 per short ton (about $39 per metric ton), which is the value
adopted for 2017-2019 by the New York Public Service Commission in its evaluation of subsidies for
upstate nuclear power plants (NYS PSC CES Order 2016, Appendix E, Table 2 (p. 12)).
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3. We estimated cumulative present value peak load reduction value as $1,000 per kilowatt of peak load
reduced by combining a value for generation capacity avoided ($600/kW from AEE 2015, Tables 2.1 and
3.1, and a value for avoided transmission and distribution investments from NYS DPS REV 2015, Table 2).

A note on the social cost of carbon is in order. We used the same value as that used for 2017-2019 by
the New York State PSC for its calculation of subsidies for upstate nuclear power plants. Given that the
climate disruption appears to be more rapid and severe than thought in the past decade, the near-term
social cost of carbon is likely to underestimate carbon reduction benefits of efficient heat pumps. It
should also be noted that the social cost of carbon is highly dependent on the discount rate used. A
2015 NY PSC paper states that the 2030 social cost of carbon is projected to be $17 per metric ton at an
average discount rate of 5 percent, $55 per metric ton at a discount rate of 3 percent, and $80 per ton
at a discount rate of 2.5 percent —all in 2011 dollars.>® A lower discount rate — and therefore a higher
social cost of carbon -- is more appropriate given the scale of socio-economic damage estimated to be
caused by climate disruption. By this measure, the value of carbon reduction shown in Table Zone 4-C
should be increased, possibly by as much as a factor of two.

In addition, an argument could be made for assigning a higher environmental value for reducing carbon
by retrofitting natural gas and oil heating systems with efficient electric heat pumps because they are
free from the collateral costs associated with nuclear power production like nuclear spent fuel waste
and severe accident risks.

Finally, we note that we have not included the social (health) benefits from the reduction of air
pollutants such as sulfur dioxide and nitrogen oxides.

Tables Zone 4-B and 4-C show that it is economical to replace fuel oil space heating by either geothermal
heat pump (with a hot water de-superheater) or a cold climate heat pump plus a heat pump water
heater; the simple payback times are about 12 and 5 years (rounded) respectively. The lower first cost
of the latter produces higher net benefits — the cumulative net savings over 15 years were estimated (by
IEER) at about $4,000 for when an oil furnace is retrofitted with a geothermal heat pump and about
$10,000 in the case of a cold climate heat pump.

Over 120,000 homes in Climate Zone 4 with one to four housing units per structure are heated with
propane. Since prices of propane per unit of energy are broadly comparable with fuel oil, the economics
of replacing propane systems with efficient electric ones should be broadly comparable.

The relatively high electricity prices in New York’s Climate Zone 4 reduce the savings compared to other
climate zones, where fuel oil prices are comparable but electricity prices are lower.

If the same house as modeled above had a natural gas furnace, the economics are more complex.
Annual energy costs are reduced if the furnace is retrofitted with either a geothermal heat pump or a
cold climate heat pump. Retrofitting with a cold climate heat pump is economical. But that is not the
case when natural gas plus central air conditioning is replaced by a geothermal heat pump. Total direct
costs, including the much greater first cost of a geothermal heat pump and low natural gas costs
(relative to fuel oil), make a geothermal heat pump retrofit uneconomical unless collateral benefits such
as CO; emission and peak load reductions are taken into account. When these factors are taken into
account the cumulative savings are increased by about $3,000 over 15 years, as shown in Tables Zone 4-

53 NYS DPS REV 2015, Table C-1 (p. C-7)
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B and Zone 4-C above. Even so, a retrofit of a natural gas furnace with a geothermal heat pump does
not quite pass the test, though the small difference is within the uncertainty in the estimates. However,
if the benefit of reducing methane emissions, using a 20-year warming potential, is added, it would add
savings between $400 and $3,000 over 15 years, depending on the leak rate and global warming
potential assumed. At or near the upper end of this range, retrofitting natural gas plus central air-
conditioning systems with a geothermal heat pump system can be considered economical.

We have also performed the same calculations for a 1 unit residential structure in Climate Zone 5. The
results are displayed in Tables Zone 5-A through Zone 5-C. Note that air-conditioning requirements in

Zone 5 are considerably lower than in Zone 4.

Table Zone 5-A: Site energy use, cumulative CO; emissions over 15 years, and peak power demand —
Detached Climate Zone 5 housing unit

ZONE 5 DETACHED STRUCTURE - ONE HOUSING UNIT
Qil Natural gas GHP Cold Climate HP
Space heating, MMBtu 90 90 18 24
Water heating, MMBtu 12 12 4 2
Electricity, fan/pump+A/C, MMBtu 4 4 2 1
Total site energy, MMBtu 106 106 25 28
Peak load (A/C), kW 2.2 2.2 0.8 1.2
Cumulative CO,, 15 years 112.1 82.2 17.4 19.8
CO, reduction vs oil, mt N/A N/A 94.7 92.3
CO, reduction vs natural gas, mt N/A N/A 64.8 62.4
Peak load reduction, kW N/A N/A 1.4 1.0
Source: IEER calculations. For notes see Table Zone 4-A above.
Table Zone 5-B: Annual energy costs and savings — Detached Climate Zone 5 housing unit
COST AND SAVINGS, ZONE 5 DETACHED HOUSING UNIT
Natural Cold Climate
Oil gas GHP HP
Space + water heating +A/C energy cost $2,896 $1,797 $1,211 $1,378
Annual energy cost savings, relative to oil N/A N/A $1,685 $1,518
Annual energy cost savings, relative to natural gas | N/A N/A $586 $420
Total energy cost, including all electricity uses $3,875 $2,777 $2,191 $2,357
Energy burden @poverty level (3-person
household) 20% 14% 11% 12%
Assistance to keep energy burden @6% of income,
Sy $2,704 $1,605 $1,019 $1,186

Source: IEER calculations. For notes see Table Zone 4-B above, except that energy prices for Zone 5
were as follows: Fuel oil = $27.86 per million Btu; natural gas = $15.66 per million Btu; electricity = $0.17

per kWh.>*

54 Capital district region fuel oil price, NYSERDA Oil Price 2016; Central Hudson natural gas price (NYSERDA Trends
2015, Appendix F-4); Central Hudson electricity prices (NYSERDA Trends 2015, Appendix F-1).
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Table Zone 5-C: Cumulative cost comparison over 15 years (present value), with and without CO; and
peak load benefits — Detached Climate Zone 5 housing unit

15 YEAR COST COMPARISON, PRESENT VALUE, ZONE 5 DETACHED HOUSING UNIT

CO; reduction benefit, cumulative,

Oil Natural gas GHP Cold Climate HP
Initial system cost, $ $4,000 $4,000 $24,000 $8,300
System residual value @15 years o S0 $7,510 S0
Added cost of heat pump system N/A N/A $12,490 $4,300
Annual space heating, water
heating, and A/C energy cost $2,896 $1,797 $1,211 $1,378
Annual savings in energy cost
compared to oil N/A N/A $1,685 $1,518
Simple payback time for oil
retrofit, years N/A N/A 7.4 2.8
Annual savings in energy cost
compared to natural gas N/A N/A $586 $420
Simple payback time for NG
retrofit, years N/A N/A 21.3 10.2
Present value of energy costs, 15
years $34,570 $21,458 $14,457 S16,447
Cumulative total costs $38,570 $25,458 $26,947 $20,747
Cumulative savings, present value,
compared to oil N/A N/A $11,622 $17,823
Cumulative savings, present value,
compared to natural gas N/A N/A (51,489) $4,712

relative to oil N/A N/A $3,682 $3,589
Peak load reduction benefit,

present value N/A N/A $1,382 $982
Total net cost, oil retrofit $38,570 | N/A 521,883 $16,176
Cumulative savings relative to oil N/A N/A $16,687 $22,394
CO; reduction benefit, cumulative,

relative to natural gas N/A N/A $2,522 $2,429
Peak load reduction benefit,

present value N/A N/A $1,382 $982
Total net cost, natural gas retrofit | N/A $25,458 $23,043 $17,336
Cumulative savings relative to

natural gas $2,415 $8,122

Source: |EER calculations. For Table Zone 5-C notes, see Table Zone 4-C above.

The overall observations regarding Climate Zone 4 retrofits of an oil or natural gas heating system with a
geothermal or cold climate heat pump are also applicable here except that lower electricity prices in
Climate Zone 5 produce higher savings — about $17,000 to $22,000 cumulatively over 15 years when fuel
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oil is replaced and about $3,000 to $8,000 if a natural gas heating system is replaced.>® Similarly, the
cost of assistance needed to keep a low-income household’s energy bill to 6 percent of gross income is
also lower than in Climate Zone 4.

It should be noted that when CO, emission reductions and peak load reduction are taken into account,
retrofitting of natural gas systems by geothermal heat pumps is economically justified, contrary to the
marginal economic benefit in Climate Zone 4. This is because the price of electricity in Climate Zone 5 is
lower than that in Climate Zone 4 while the price of natural gas is comparable. The economic benefit of
efficient heat pumps is increased if the CO,-equivalent value of avoided methane emissions is added.

Over 180,000 homes in Climate Zone 5 with one to four housing units per structure are heated with
propane. Since prices of propane per unit of energy are broadly comparable with fuel oil, the economics
of replacing propane systems with efficient electric ones should be broadly comparable.

ii. An apartment in a small multi-unit structure

Finally, we also examined the energy, CO,, peak load, and cost implications of retrofitting an apartment
now using natural gas space and water heating with a cold climate heat pump. We evaluated only a cold
climate heat pump retrofit in this case. Tables Zone 4-D and Zone 4-E show the results for Climate Zone

4.

Table Zone 4-D: Energy and cost data for retrofitting an apartment with a cold climate heat pump

(Climate Zone 4)

CLIMATE ZONE 4 APARTMENT
Natural gas Cold Climate HP
Space heating, MMBtu 28 7
Water heating, MMBtu 8 2
Electricity, fan/pump+A/C, MMBtu 2 1
Total site energy, MMBtu 38 10
Peak load (A/C), kW 1.5 0.6
Cumulative CO,, mt, 15 years 30.0 6.8
CO; reduction vs natural gas, mt, 15 years N/A 23.2
Peak load reduction, kW N/A 0.9
Annual space heating, water heating, and A/C energy cost $820 $759
Annual energy cost savings, relative to natural gas N/A S48
Energy burden @poverty level (2-person household) 11% 11%
Assistance to keep energy burden @6% of income, S/y $807 $746

Source: IEER calculations. See notes to Tables Zone 4-A and 4-B. A room air conditioner with an SEER of

8 is assumed for the pre-retrofit situation.

55 Figures in the text are rounded. Calculated values are shown in the tables.
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Table Zone 4-E: Cumulative cost estimates over 15 years for retrofitting an apartment with a cold

climate heat pump (Climate Zone 4)

CLIMATE ZONE 4 APARTMENT

CUMULATIVE COSTS AND SAVINGS

Natural gas Cold Climate HP
Initial system cost, $ $2,000 $5,100
System residual value @15 years SO SO
Added cost of heat pump system N/A $3,100
Annual space heating, water heating, and A/C energy cost $820 $759
Annual savings in energy cost N/A S61
Simple payback time, years N/A 12.4
Present value of energy costs, 15 years $9,785 $9,056
Cumulative total costs $11,785 $14,156
Cumulative savings, present value, compared to natural gas N/A (52,371)
CO; reduction benefit, cumulative, relative to natural gas SO $902
Peak load reduction benefit, present value SO $900
Total net cost $11,785 $12,354
Cumulative savings relative to natural gas N/A (S569)

Source: IEER calculations. See notes to Table Zone 4-C and Zone 4-D

The relatively high electricity price in Climate Zone 4 makes a retrofit with a cold climate heat pump
marginal, even when the benefits of peak load and CO; emission reductions are taken into account. It
should also be noted that the cost of retrofits in apartments may be highly variable, so that this
conclusion should be treated with caution. There are likely to be many situations in which the retrofit
cost per apartment is lower than assumed here. Further, if the value of the reduction of methane
emissions in COz-equivalent terms is taken into account, a retrofit would be economically justified at the

higher end of CO;-equivalent value.

Tables Zone 5-D and 5-E show the same calculations for an apartment in Climate Zone 5.
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Table Zone 5-D: Energy and cost data for retrofitting an apartment with a cold climate heat pump

(Climate Zone 5)

CLIMATE ZONE 5 APARTMENT

Natural gas Cold Climate HP

Space heating, MMBtu 28

Water heating, MMBtu 8

Electricity, fan/pump+A/C, MMBtu 2

Total site energy, MMBtu 38 10
Peak load (A/C), kW 1.3 0.6
Cumulative CO,, mt 15 years 29.4 6.9
CO; reduction vs natural gas, mt, 15 years N/A 22.5
Peak load reduction, kW N/A 0.7
Total energy cost $1,225 $1,050
Annual energy cost savings, relative to natural gas N/A $175
Energy burden @poverty level (2-person household) 8% 7%
Assistance to keep energy burden @6% of income, $/y $295 $120

Source: IEER calculations. See notes to Table Zone 4-D and Table Zone 5-B.

Table Zone 5-E: Cumulative cost estimates over 15 years for retrofitting an apartment with a cold

climate heat pump (Climate Zone 5)

CLIMATE ZONE 5 APARTMENT

CUMULATIVE COSTS AND SAVINGS

Natural gas Cold Climate HP
Initial system cost, $ $2,000 $5,100
System residual value @15 years o S0
Added cost of heat pump system N/A $3,100
Annual space heating, water heating, and A/C energy cost $663 $477
Annual savings in energy cost N/A $186
Simple payback time, years N/A 16.6
Present value of energy costs, 15 years $7,918 S$5,695
Cumulative total costs $9,918 $10,795
Cumulative savings, present value, compared to natural gas | N/A (5877)
CO; reduction benefit, cumulative, relative to natural gas N/A $876
Peak load reduction benefit, present value N/A $733
Total net cost $9,918 $9,185
Cumulative savings relative to natural gas N/A $733

Source: IEER calculations. See notes to Table Zone 5-C and Zone 5-D.

Some general observations in regard to apartments are in order:

o We expect a wide variation in retrofit costs and a wide variation in retrofit benefits.
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If the size of the system can be reduced by increasing the energy efficiency of the building
envelope, a cold climate heat pump retrofit of natural gas heated buildings may become
economical, especially if the existing structure has significant opportunities for low-cost
envelope energy efficiency retrofits.

There are almost 1.4 million oil-heated households in structures with one to four units. Among
these, there are likely to be a significant number of buildings with two to four units each that
are oil heated. A retrofit is likely to be economical in such cases. However, we have not been
able to determine the number of oil-heated households in two-to-four unit buildings to evaluate
the impact in detail.

Observations and recommendations based on the case studies

The case studies indicate that, when physically reasonable, geothermal heat pump or cold
climate heat pump retrofits for structures of one to four housing units that are heated with fuel
oil or propane will generally be economical. In the case of low-income households that use
either fuel, there will also be significant benefits to the public at large in New York State due to
the reduced need for energy assistance. Recommendations: New York should prioritize
policies, such as rebates and Green Bank financing, that would facilitate the rapid retrofitting
of fuel oil and propane heated homes to efficient electric systems. In areas where there is no
natural gas infrastructure, New York should go directly to efficient electric systems.

The case studies indicate that, when physically reasonable, cold climate heat pump retrofits for
structures with one to four housing units that are heated with natural gas with are economical.
Retrofitting with geothermal heat pumps is economical in Climate Zones 5 and 6 if credit is
taken for CO, emission reductions and peak load reductions. In Climate Zone 4, the high price
electricity makes the retrofit with geothermal heat pump marginal, unless methane leaks are
also factored in and the full range of CO»-eq emissions using a 20-year global warming potential
for methane is used. In the case of low-income households that use natural gas, there will also
be significant benefits to the public at large in New York State due to the reduction in the need
for energy assistance. Recommendation: New York should prioritize retrofitting of low-income
households that now heat with natural gas with geothermal or cold climate heat pumps.

We have used a single price for fuel oil, natural gas, and electricity in each climate zone in
assessing the economics of replacing fossil fuel systems by efficient electrically driven systems.
Over the long-term, increases in oil and natural gas prices are expected in a business-as-usual
scenario, where large-scale use of fossil fuels is assumed to continue. Given that renewable
energy costs are declining, it is possible that a differential price rise in fossil fuel costs may make
retrofitting natural gas systems more economical.

In this context it is important to consider that both natural gas and fuel oil prices are quite
volatile. They can and do skyrocket from time to time and then fall again, sometimes
precipitously. However, the social and economic effects of price increases and decreases are
not symmetrical, especially for low- and middle-income households. When prices fall, there are
generally many other needs ranging from rent/mortgage payments, food, and medicine that are
often only partially fulfilled. When prices increase, those who already have high energy burdens
experience even greater financial stress. The effects can range from damaging to devastating
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(including eviction)®® in the absence of emergency assistance. For instance, New York State
received an emergency allocation of $33 million for low-income heating assistance during the
severe winter of 2014-2015.57 Retrofits of natural gas systems are only marginally uneconomical
at the prices we have used. Taking volatility risk into account, especially for low-income
households, makes retrofitting natural gas heating systems with geothermal heat pumps
economically justifiable even without CO; emission reduction or peak load reduction credits
(See Chapter V, Section 5). Recommendation: New York should factor in oil and gas fuel price
volatility in setting rebates and other incentives for replacing fossil fuel heating systems with
efficient electric ones, especially when it comes to assistance to low-income households in
making the switch.

The case-study tables show only the benefit of direct CO; emission reductions. They do not
include reduction of methane emissions associated with natural gas.® Methane emissions
estimates vary a great deal; however, the evidence is that, with hydrofracturing (“fracking”)
production of natural gas on the rise, emissions have also increased.>® There is also evidence
that leaks in natural gas distribution systems are considerable.®® The methane leakage
estimates of the U.S. Environmental Protection Agency (EPA) appear to be on the low side. In
addition, the EPA (along with many others) uses a 100-year global warming potential for
methane. The EPA’s low estimate of leaks (about 1.6 percent) with a 100-year warming
potential increases the COz-equivalent emission rate by about 20 percent. A higher, but
reasonably well-founded, estimate of leaks at 5 percent with a 20-year warming potential would
result in about a 150 percent increase in CO,-equivalent emissions. Recommendation: New
York should take due account of the avoided CO,-eq methane leaks using a 20-year global
warming potential for methane. While there is some uncertainty about the extent of the
leaks, a doubling of the CO, emissions from burning natural gas alone seems justified (see
Chapter V, Section 5). This means that the net benefit of retrofitting a natural gas system in a
typical single-housing unit building would go up by almost $2,000 in Climate Zone 4 and by
about 52,500 in Climate Zone 5. A slightly higher rebate, about $3,000, would be justified for
Climate Zone 6. CO,-eq methane emission reductions should also be taken into account at
appropriate levels for retrofits of apartments heated with natural gas.

Lowering the cost of electricity for low-income households by providing them with universal
solar access could also make retrofitting from natural gas to efficient heat pumps more
attractive especially in the Climate Zone 4 area, which has high electricity costs. The high
electricity cost reduces the benefit of going from fossil fuel heating to electricity; this is a
particularly material consideration for structures heated with natural gas. The low cost of
utility-scale solar energy could alleviate this problem if it is procured specifically for low-income
households. Universal solar access can be provided to low-income households most efficiently
and economically if the state government uses purchase power agreements to acquire solar
electricity on behalf of households receiving assistance. Further, solar electricity, having no fuel,

56 See Makhijani, Mills, and Makhijani 2015, for details, and Desmond 2016, p. 15-16.

57 Schumer and Gillibrand 2015

58 Methane is the main constituent of natural gas. See Howarth 2014 and Makhijani and Ramana 2014 for
discussions of the impact of leak rates and global warming potentials on estimates of greenhouse gas emissions in
terms of COz-equivalent mass units.

% Howarth 2014

80 Bernstein 2014
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is immune to risk arising from fuel price volatility. Detailed analysis of the situation in Maryland,
where electricity costs are lower, indicates that no ratepayer funds need be involved.®!
Recommendation: New York should commission a study about options for providing low-cost
universal solar access to low-income households (along with energy efficiency improvements).
This will structurally reduce energy bills as well as CO; emissions.

We have used widely available commercial technology as the basis for our cost calculations.
This may understate the benefits and overstate costs. As we have discussed, there are at least
two heat pump technologies — one involving solar thermal panels and the other high efficiency
dual compressors — that could increase efficiency, reduce cost, or do both. Widespread
adoption of these (or related technologies) would make retrofitting essentially all natural gas
heated homes much more economically straightforward than it appears at present.
Recommendation: New York should explore emerging technologies for heat pumps that could
significantly lower the cost of retrofitting fossil fuel heating systems.

Current high efficiency heat pumps use R-410a as a refrigerant; this is a greenhouse gas with a
warming potential relative to CO, of 2088 on a 100-year comparison basis and more than
double that on a 20-year basis. The relatively short lifetime of R-410a (about 17 years) 2
compared to CO, makes it a candidate for early replacement by another refrigerant with much
less impact. As it turns out CO; can be used as a refrigerant. It has a much lower warming
impact than R-410a; in addition, it has the potential to increase the efficiency of heat pumps. It
is used in in North America in commercial sector installations. It is not yet used in the
residential sector, since it requires higher pressures, among other complications.®> We mention
it here because conversion to efficient electric technologies will take place over time and it is
important to encourage the development of the most efficient technologies with the lowest
warming impact. The direct and indirect economic benefits will also increase.
Recommendation: New York should explore the use of CO; as a refrigerant in residential heat
pumps.

Conclusions

1. Overall perspective

As noted in Section |, about 31.4 million metric tons of New York’s yearly energy related CO, emissions
of 179.5 metric tons are attributable to residential space heating, water heating, and air conditioning.
When the commercial sector is included, these three end uses of energy in buildings account for about
50 million metric tons of CO; emissions, or 28 percent of the energy sector CO; emissions total. Of this
about 40 million metric tons are represented by the direct use of fossil fuels in buildings for space and
water heating. Some perspective on the magnitude of emissions due to direct fossil fuel use for space
and water heating in New York’s buildings can be gained by comparison to a single number: New York’s

61 Makhijani, Mills, and Makhijani 2015
52 Wikipedia Refrigerants 2016
63 Building Green blog 2013
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entire electricity sector (including electricity imports) was responsible for about 42 million metric tons
(23.4 percent) of CO; emissions in 2011.

In addition, the space and water heating sector is natural gas intensive. When seen from a 20-year
global warming potential perspective of climate protection, the importance of reducing natural gas for
space and water heating in New York State increases considerably. The natural gas related CO»-
equivalent emissions increase by between about 50 percent and 150 percent, depending on the leak
rate assumed, compared to accounting for the CO; created by combustion of natural gas alone.

2. Case studies in context

The vast majority of residential space and water heating involves the direct use of fossil fuels. In this
report, we have considered prototypical examples of fossil fuel use that cover about two-thirds of New
York’s housing units. The omitted units are in large structures that have 5 or more apartments each;
almost 90 percent of these are in New York City and its environs (Climate Zone 4). The heating
requirements for these units would be considerably lower than for units studied because (i) Climate
Zone 4 has a milder winter than the rest of the state, (ii) apartment units in large buildings are likely to
be smaller than detached units, which constitute the majority of units studied, (iii) apartments are much
more likely to have room rather than central air conditioning, and (iv) the heating and cooling
requirements in large, multi-story structures per unit area are generally lower than for detached
structures. These considerations indicate that the prototypical cases studies in Section IV represent 75
to 80 percent of New York State’s space heating, water heating, and air-conditioning requirements — or
roughly 25 million metric tons per year.

New York cannot attain its 2050 target of reducing greenhouse gas emissions by 80 percent relative to
1990% without substantially reducing and, probably, nearly completely eliminating CO, emissions from
the direct use of fossil fuels in the residential sector. There are three principal, complementary ways to
do this for existing structures:®®

e Improving building envelopes to reduce heat loss in the winter and coolness loss in the summer.

e Retrofitting HVAC and water heating systems to convert them from fossil fuels to efficient
electric systems, notably efficient heat pump space and water heating systems.

e Reducing emissions per unit of electricity generation, which in turn reduces the emissions from
all electricity using devices including heat pump systems. In effect, converting direct fossil fuel
use to efficient electric systems makes them “renewable-grid-ready”; this automatically further
reduces emissions when the fraction of renewable energy is increased as a proportion of total
electricity requirements.

3. Retrofitting fuel oil and propane systems

It is generally economical to replace oil-fueled space heating with cold climate heat pumps, presuming
that the retrofit is technically feasible, in all climate zones in New York State. This applies even when
fuel oil prices are below $2 per gallon.

64 NYS PSC CES Order 2016, fn. 1 on p. 2
55 The same set also applies to commercial sector buildings.
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It is generally economical to replace oil-fueled space heating with geothermal heat pumps in Climate
Zones 5 and 6 even down to very low fuel oil prices well below $2 per gallon. This is because the price of
electricity is low enough and the efficiency of geothermal is high enough to permit an economical
conversion.

In Climate Zone 4, electricity is much more expensive ($0.27 per kWh), so fuel oil needs to be about $3
per gallon or more for conversion to be economical. These observations relate to direct costs only and
do not take the value of peak load or carbon emissions reductions into account. When the benefits of
CO; emissions and peak load reductions are taken into account fuel oil costs can drop to the $2.25 to
$2.50 range for economical conversion.

Propane prices, in terms of energy content, are generally comparable to or higher than fuel oil, so the
economics of conversion from propane to efficient electric systems are comparable. However, propane
heating systems are often used in mobile home situations for which geothermal heat pumps may not be
suitable as a retrofit technology.

These observations do not take into account the benefit of reducing and eventually eliminating volatility
in energy prices. Electricity prices fluctuate much less than fuel oil or even natural gas prices. Thus, low
fuel oil or natural gas prices should not be the point of reference for evaluating the economics of
retrofitting existing fossil fuel systems with efficient electric ones. Rather the cost of fuel price volatility
should be evaluated and factored in (see Section V.5 below in this chapter).

4. Retrofitting natural gas systems

The analysis in this report shows that it is economical to retrofit natural gas systems with cold climate
heat pumps in single unit structures in both Climate Zones 4 and 5 on the basis of direct costs alone,
though only marginally so in Climate Zone 4. When CO, emissions and peak load reductions are taken
into account, the economic benefits are much clearer. Climate Zone 6 is colder than Climate Zone 5 and
prevailing fuel prices are broadly similar. The picture for apartments depends on the specifics of the
structure and the size of the retrofit needed.

Retrofitting natural gas systems with geothermal heat pumps is not economical on a straight cost basis
in many circumstances, but becomes so when CO, emissions and peak load reductions are taken into
account.

In addition, natural gas consists mainly of methane. When methane leaks are factored in, the benefit of
CO,-equivalent reductions is substantially increased, especially if the 20-year warming potential of
methane is used.

When the direct costs, CO; emission reductions, peak load reductions, and reduction of methane leaks
are taken into account, a conversion of fossil fuel systems to efficient electric ones is broadly

economical.

New heat pump technologies, discussed in Sections Ill.1 and 11l.2, may help reduce costs; we
recommend pilot projects to test them in New York conditions.
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i. Perspective on natural gas use

It is important to consider the replacement of natural gas space and water heating systems by efficient
electric systems in the context of the overall transition away from fossil fuels, including natural gas.
There has been considerable discussion of, and controversy about, the role of natural gas in electricity
generation on the way to a fully renewable electricity system. But there has been less discussion about
the relative uses of natural gas for electricity generation compared to its direct use in buildings.

New York used 466 trillion Btu of natural gas for electricity generation in 2014.%¢ The residential sector
use of natural gas in 2014 was about 473 trillion Btu,®” the vast majority of which is for space and water
heating.®® Commercial sector direct use of natural gas in 2014 was about 330 trillion Btu, about 65
percent of which was for space and water heating.®®

In all, the direct use of natural gas for space and water heating in buildings is roughly 40 percent greater
than New York’s use of natural gas for in-state electricity generation. This shows that the replacement
of natural gas systems by efficient electric ones that will be powered by renewable energy as the grid
becomes more renewable is an essential goal for climate protection.

Natural gas use is also a principal cause of methane emissions. There is a wide range of estimates for
methane leaks, from 1.6 percent to 5 percent or more. Table V-1 shows the natural gas use, methane
leaks, CO, emissions due to burning the gas, and the CO;-equivalent emissions due to methane leaks at
two leak rates, using a 100-year and a 20-year global warming potential (GWP) for methane. The values
shown are for a one unit building in Climate Zone 5.

Table V-1: Natural gas use, CO, emissions, and CO,-equivalent emissions due to methane leaks, using a
Climate Zone 5, one unit building example

leak rate leak rate

1.6% 5%
Natural gas use per household, million Btu/y 102 102
Methane leaked, metric tons/y 0.030 0.095
CO»-eq emissions due to methane leaks, 100-year GWP, metric tons/y 1.03 3.24
CO»-eq emissions due to methane leaks, 20-year GWP, metric tons/y 2.61 8.20
CO; emissions due to burning natural gas, metric tons/y 5.40 5.40
Increase in CO,-eq, using 100-y GWP 19% 60%
Increase in CO,-eq, using 20-y GWP 48% 152%

Source: |IEER

Note: The methane content of natural gas ranges from 87 to 97 percent (Union Gas 2016). We used 95
percent in our calculations. For a discussion of methane leaks, see Howarth 2014 and Makhijani and

Ramana 2014.

56 EJA SEDS Consumption 2016, New York, Table CT8 (electric power sector)
57 EIA SEDS Consumption 2016, New York, Table CT4 (residential)
68 DOE EERE 2012 BEDB, Table 2.1.5. The BEDB data are national.

59 EJA SEDS Consumption 2016, New York, Table CT5 (commercial) and DOE EERE 2012 BEDB, Tables 3.1.4. The

BEDB data are national.
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The percentage increases in CO,-equivalent emissions are independent of the amount of natural gas
use; rather they depend only on the leak rate and the global warming potential. Of course the absolute
amount of COz-equivalent emissions depends on natural gas use. In the case of the example in Table V-
1 above, the CO, emissions from combustion of natural gas alone are 5.4 metric tons per year. But a 20-
year GWP for natural gas with a 5 percent leak rate increases that by 152 percent to a total of 13.6
metric tons of COz-eq per year.

5. Value of eliminating fuel price volatility™

Going from fossil fuel space and water heating systems to efficient electric ones has an important
similarity with going from fossil fuel electric generation, notably natural gas-fueled electric generation,
to solar and wind electricity. The latter transition eliminates fuel price risk entirely. There are modest
operations and maintenance (O&M) costs, but these are, on the whole, fixed by the size, type, and
location of the renewable electricity system. In other words, there are essentially no variable O&M
costs. This means that electricity prices become predictable — an important consideration for businesses
and for households since it allows reliable budgeting.

Retrofitting fossil fuel heating systems with efficient electric systems eliminates almost all volatility, but
in two steps:

e  First, electricity costs are much less volatile than natural gas, petroleum, or propane costs. Thus
converting from natural gas, propane, or fuel oil to efficient electric heating systems reduces the
volatility in household energy costs. This is an important general consideration, particularly for
low-income households. When fuel prices rise sharply, household energy bills can skyrocket,
especially in the winter. This sharpens and greatly increases the food-fuel-medicine-
rent/mortgage conflicts felt by low-income households. The consequences range from
damaging to dire, all the way to illness and homelessness.

e Second, New York is on a path to greatly increasing the renewable energy component in its
electricity system. At present, New York’s electricity system has large components of natural
gas and nuclear energy. Natural gas generated electricity is significantly vulnerable to fuel price
volatility. Nuclear O&M and fuel costs have in the past (before about 2005) been relatively
stable; however, that has changed in recent years. As New York’s electricity supply moves to
much greater shares of solar and wind energy complemented by its existing hydropower
resources, electricity costs are likely to be less variable and much more predicable than at
present.

Figure V-1 shows historical fuel oil prices in the New York City area and in the New York State Capital
District (Albany). The ratio of maximum to minimum fuel oil prices (in current dollars) in both regions
has been more than three over the period from 2000-2001 to 2015-2016.

70 The paragraphs below on the price volatility of natural gas are largely based on Makhijani 2016.
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Figure V-1: Fuel oil prices in the New York City and Capital District regions of New York State.

Source: Compiled by IEER from NYSERDA Home Heating Oil database at
https://www.nyserda.ny.gov/Cleantech-and-Innovation/Energy-Prices/Home-Heating-Qil (NYSERDA
Heating Qil 2016)

Note: The prices shown are simple unweighted averages over the period for which data were available
for any given year.

Figure V-2 shows the wellhead prices of natural gas. This is the kind of volatility that caused the former
CEO of Duke Energy to bring a famous aphorism coined by Ben Franklin into the fossil fuel era:

Ben Franklin said there are two certainties in life: death and taxes. To that, | would add
the price volatility of natural gas.”

7! Jim Rogers, as quoted in Huber 2012, p. 5
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Figure V-2: Natural gas wellhead price, for about 90 years
Source: EIA Natural Gas Wellhead 2016

Residential prices paid by consumers are not as variable, since the relatively stable costs of transporting
and delivering the gas are added to wellhead prices and since the distribution component of residential
natural gas price is regulated. The ratio of annual average maximum to minimum prices (in current
dollars) is almost two between 1999 and 2016. Electricity prices in the same period have varied by
about 50 percent; the variation in annual average electricity prices since 2006 has been about 20
percent (statewide average).”? As we have noted, there are significant regional differences in electricity
prices in New York and this affects the economics of retrofitting HVAC systems.

A detailed consideration of the value of reducing fuel price volatility in the residential space and water
heating sector is beyond the scope of this report. But we can indicate an order of magnitude of this
value by examining how it has been evaluated in comparing natural gas generation to wind and solar
generation.

Since wind and solar generation have zero fuel cost, they provide a valuable fuel price hedge in the
context of an electricity system with a significant component of natural gas generation. The Rocky
Mountain Institute, in a 2012 study, evaluated this aspect by comparing a wind farm with a new
combined cycle natural gas plant in the case of the Public Service Company of Colorado. The net
present hedge value of wind energy was estimated at about $22 per megawatt-hour, at a discount rate

72 Electricity prices from 2006 to 2016 from NYSERDA Electricity Prices 2016; Natural gas prices between 2006 and
2016 from NYSERDA Natural Gas Prices 2016; and annual average data prior to 2006 from NYSERDA Trends 2015,
Table 4-1.
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of 8 percent and at about $36 per megawatt-hour at a discount rate of 6 percent compared to a single
stage gas turbine over a 23-year period.”

The fuel use in the gas turbine was assumed equal to 7 million Btu per megawatt-hour.”* This means
that the fuel price hedge value of wind energy would be between about $3 and $5 per million Btu over
the 23 year period.”

In our case, the period of comparison is 15 years. Using the same values over a shorter period of time
would give a fuel price hedge value of $2 to $4 per million Btu over a 15-year period. It would be higher
if a lower discount rate were used. Not all of this benefit would accrue in the case of an HVAC retrofit
since much of New York’s electricity is generated using natural gas fuel (about 40 percent in 20147°),
We will use $3 as the value of reducing fuel price risk in the case of natural gas.

For instance, in Climate Zone 5, the annual value of reducing natural gas price risk per year would be
roughly $300 per year (rounded) for a one unit structure; the present value of 15 years of risk reduction
would be $3,600 (using a social discount rate of 3 percent). The value in the case of fuel oil is much
higher both since fuel oil price volatility is greater and since far less oil than natural gas is used for
electricity generation.”’

The value of the hedging risk should especially be considered in light of the high energy burdens of low-
income households. The effect of price spikes in heating fuel can be devastating for low-income
households because such spikes exacerbate already serious food/energy/medicine/housing cost
conflicts. New York’s decision to limit energy burdens to six percent can be expected to greatly alleviate
these conflicts and to insulate low-income households from natural gas and fuel oil price volatility. On
the other hand, such spikes would cause the amount of assistance needed to increase, increasing costs
for ratepayers and/or taxpayers (depending on how energy assistance is funded). The value of the
hedge would accrue entirely to ratepayers and/or taxpayers. Since price spikes would be avoided,
spikes in assistance requirements would be eliminated as well.

Finally, it is important to note that when New York transitions to a fully renewable electricity system,
fuel price volatility as it affects space heating would be entirely eliminated by a transition to efficient
electric heating.

6. Equity considerations

Reducing the risk of heating bills skyrocketing in years that are far colder than normal has significant
benefits for low-income households. It will also have significant benefits for New York ratepayers
and/or taxpayers once the New York Public Service Commission’s decision to limit the energy bills of
low-income households to 6 percent of gross income is fully implemented.

First, homelessness and medical expenses that are associated with homelessness are very high — much
higher than the typical cost of energy assistance. We have not investigated this issue in detail for New

73 Huber 2012, Figure 10b (p. 18)

74 Huber 2012, p. 22.

7> The present value of the hedge in $/MWh divided by the heat rate in million Btu per MWh.

76 E|A States 2016 New York, Table 5

77 0il fueled about 1.6 percent of New York’s electricity generation in 2014. (EIA States 2016 New York, Table 5)
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York, but our research in Maryland indicates that the added shelter and medical costs could be more
than 80 times the typical electricity bill assistance’® in addition to the economic distress such as loss of a
job or educational opportunity that the family may suffer. An all-sided consideration of such costs may
be between $70,000 and $300,000 for a family of two becoming homeless.”

It is important to remember in this context that New York’s program to limit household energy bills to 6
percent of gross income means that the most or all of the direct economic benefits of reduced energy
costs of heating and cooling will go to ratepayers and/or taxpayers in the form of reduced need for
assistance. The benefits of reduced volatility and reduced homelessness and associated incremental
health costs would be in addition to these direct benefits, since those costs are also borne largely by
taxpayers in one way or another.

In sum, the argument for transitioning from fossil fuel space and water heating systems, when CO;
emission reductions, methane emission reductions, and peak load reductions are taken into account, is
greatly strengthened by the added non-energy benefits that accrue to both ratepayers and low-income
households in the case of people receiving energy assistance. It is difficult to put a total value on this
added benefit but it could be of the same order of magnitude as the other benefits combined, especially
when the reduction of volatility in winter heating bills is factored in.

New York has made an excellent decision to limit the energy burdens of its low-income households to
six percent of income. The efficient electrification of space conditioning and water heating systems can
reduce the long-term expense of the assistance implicit in that decision; in addition to providing
significant social, economic, health, and environmental benefits.

78 Makhijani, Mills, and Makhijani 2015, p. 11, for average assistance ($325 in 2013) and p. 91, for added medical
and shelter costs per family that becomes homeless ($28,000).
7® Makhijani, Mills, and Makhijani 2015, pp. 90-91 and Mangano 2013, slide 18
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Attachment A: Notes of call with Bill Nowak and Jens Ponikau, NY-GEO

Final notes of conference call on 2016-03-31/reviewed by Bill Nowak and Jens Ponikau; comments
incorporated. Approved for citation, quotation, and publication

Present: Bill Nowak: Executive Director, NY-GEO; Jens Ponikau: Certified Geoexchange Designer (CGD),
Vice President, New York Geothermal Energy Organization (NY-GEO); Jessica Azulay (AGREE), Arjun
Makhijani (IEER)

Arjun prefatory note: Notes are not verbatim. | intend to use them as part of my study on HVAC policy
in New York in the context of the State’s GHG reduction goals. | may cite these notes, quote them,
and/or publish them in their entirety.

Arjun: We are studying Buffalo, Albany, and NYC (except high rise apartments) for HVAC energy
consumption, conversion of direct fossil fuel use for space heating to efficient heat pumps, investment
cost of conversion, and operating costs of the various systems. We are using the Energy Star heating
and cooling calculation template for these cities and would like actual data to make sure that we are in
the right ball park as to use and costs, and that the examples are representative. A part of the idea of
going to efficient electric systems is to make space heating renewable-grid-ready.

Jens: This is exactly our thinking. We do only geothermal heat pumps. NYSERDA’s study was biased
relative to geothermal. Agencies were basing lack of support for geothermal heat pumps on the
assumption that they are inefficient and cost too much. This is based on old data going as far back as
the 1970s and on old refrigerants. GHPs perform much better now.

Cold climate heat pumps were celebrated in Europe. But there are practical issues of installing them.
Their efficiency is hyped. They tend to dip into strip heat and this increases the energy use. The rating
system is for a Southern California climate. This reduces efficiency as well. Cold climate heat pumps are
only efficient when there is a single distribution point, for instance, if you have a studio apartment. In
that case they are cheap to install. It is more complex and much less efficient if there are multiple
heads. The cost advantage goes away when there are multiple delivery points. Cold climate heat
pumps can operate at a low temperature, but you have the problem of the coils icing up. You then need
resistance heat to defrost them, and during that time you also need resistance heat for the space. |
have seen them freezing up too many times. | have a Mitsubishi cold climate heat pump in my office,
just to see how it runs.

Also you have to remember that geothermal heat pumps last longer. The geo-exchange loop lasts the
life of the house; the heat pump would last 25 years or 30 years. With an air-to-air heat pump the
expected life is about 15 years.

We have worked with PSC staff to revise the NY State technical manual for Ground source heat pumps
and the revisions were officially adopted by the Technical Manual Management Committee, whose
voting members are utility representatives, in February of 2016. These revisions were based on annual
monitoring data. [Arjun requested the manual. Bill Nowak sent it. Thank you Bill.]

In terms of size, we rarely go below three tons. Even if the house is smaller, the heat load does not
decline proportionally. The cost does not go down much when you go from a 3-ton to a 2-ton system.
Houses typically have a manual J heat loss of 35,000 Btu per hour. So it’s not worth it to reduce the size;
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if you use a 3-ton system then the strip heat won’t come on much, if at all. In effect, we design for the
worst case with a three-ton heat pump in such cases. We are talking about new construction here.

Arjun: What about typical installed costs of residential geothermal heat pump systems?

Jens: Costs are more market-specific than climate-specific. For a standard 2500 square-foot new
detached house, built to the New York State code we would use a 3-ton system. This runs about
$24,000 installed, with a horizontal loop and de-superheater hot water heater, with two tanks. We use
variable speed compressors and blowers — a two-stage heat pump. A vertical-loop system costs $2,000
or $1,500 per ton more.

Markets like Albany and New York City have higher labor costs. People are reporting prices Albany
$3,000 higher for a system like that; in NYC and Long Island it could be $8,000 more. A part of the
problem is geology. Here in the Buffalo area, we hit bedrock at a 20-foot depth, so we need only 20 feet
of casing. In Long Island, you have to go far deeper to hit bedrock and so you need much more casing.
This raises costs.

Arjun: How about the typical retrofit installation? Can you retrofit insulation, etc., to reduce the heat
pump size?

Jens: If we do retrofits, the typical installation could be 4 tons, compared to 3 tons for new construction.
In the Buffalo area we can have dramatic differences with microclimates. Within 45 miles north or
south of Buffalo there can be temperature differences of 30 F. It could be 8 F one place and -26 F on the
same day 50 miles away. We have quite old houses, even going back to 1870. We advise people to
invest in insulation and give recommendations for contractors to do insulation. But sometimes there
are retrofit restrictions when houses are historic.

Arjun: Are most of your installations vertical wells?

Jens: No. About 10 percent of the cases are vertical; 90 percent are horizontal. This is not feasible in a
lot of existing houses. But we can get creative and manage to do most existing single family houses.
The economics work out when converting from fuel oil or propane to geothermal. But with natural gas,
which is typical of city houses, it can be cost prohibitive at current natural gas prices and without proper
incentives in place.

Arjun: Do you have pictures?

Jens: We monitor 20 of our systems live. You can see the performance at
http://www.buffalogeothermalheating.com/sample diagram.html.

Arjun: What fraction of existing houses can you do GHP?

Jens: We can do almost all single family [detached] houses in the Buffalo area; we can even do attached
houses. If you are looking at apartment complexes we can do that [horizontal GHP], if there is adequate
parking — and there usually is.

Arjun: Can you send me examples of the costs per apartment?

Jens: | can send you the Lockport Housing Authority paper. [Sent and received. Thanks.] There is an old
storage building that was converted to 24 apartments. We did the whole building; it now has
geothermal heat pumps. The footprint of the horizontal loop is one-third of the building. It depends on
how creative you can get and how deep you can go.

Arjun: How do you balance heat pump size and weatherization investment?
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Jens: Investment in weatherization can be quite high. If it is like a nice house in the Buffalo area, it can
cost $50,000 just to replace the windows. But most of the time the standard data are valid.

Arjun: Have you worked with rental situations and landlords?

Jens: Landlords must see a benefit towards better marketing of their apartments. Landlords usually will
not go for it. We have done 2 projects now with the Lockport Housing Authority, which obviously is
looking at their bottom line; but they have [federal] HUD money for renovation. They have electric
resistance heat. In the old days they had a special electric heat rate — a low cost hydropower rate. So
they used electric resistance heat. Their energy consumption is very high. We have converted 72 units
that were on resistance heat to geothermal heat pumps. There were three blocks, with 24 apartments
in each. They are 2-story buildings. We have estimates of savings but not actual before and after retrofit
data.

We have another retrofit — a development in a large building on Buffalo’s West Side known as
Horsefeathers. The building was not occupied, so we do not have before and after data. Itis an old
storage building that was converted to condos (see http://welserver.com/WEL0714/).

Arjun: So how did the balance between weatherization and heat pump size work out?

Jens: You want to make sure about what it costs to implement weatherization. Solar energy can also be
a supplement, to some extent in place of weatherization because the cost of solar has come down.
There is a point at which weatherization may be more expensive than the capital investment in free
energy of a larger geosystem powered by a larger solar system.

Arjun: How about wind speed? | have found that high wind speeds can be a problem for strip heat
coming on often.

Jens: Wind speed is a major issue. In that case you can use a larger heat pump system.
Arjun: Do you think that design should be based on wind chill temperature.

Jens: This is a huge issue. Air infiltration is the number one way in which old houses lose heat. You can
catch a lot of low hanging fruit with the first $2,000 of investment in insulation, etc. There is an
exponential curve [in terms of increasing cost]. Agree that air infiltration is the low hanging fruit.
Fixating on the R value is not so relevant. NYSERDA has programs for energy audits and blower door
tests at 50 Pa [pascals]. But keep in mind that with the reduction in cost of solar and improvement in
efficiency, the balance is changing as outlined above. It might be a better investment to increase the geo
system and the solar system which is powering it than to catch every high hanging fruit for insulation.

The other thing that might be helpful — a converted administration building. They wanted to gain
experience and confidence in geothermal and were on gas and when we converted a building to
geothermal. There was baseboard radiant and forced air heat as well. It was all replaced with variable-
speed heat pumps. The savings were huge. They had R19 fiber glass; we replaced it with R38 foam. We
modeled the savings due to the upgraded insulation, and adjusted the saving for the heating degree
days. The rest of the savings were due to the geosystem.

The interesting portion for heat pump size is the entering water temperature. The indoor temperature
is the same: 68 to 72 F and does not change. At the start of the heating season, in September, the
ground temperature is 65 F or so. It goes down to about 32 at the end of the heating season. At that
time the average water temperature is 41 F. Normally people calculate the Coefficient of Performance
(COP) at 32 F but this is only at the end of the season; the vast majority of the season is at water
temperatures that are much higher than 32 F. We monitor the water temperature and much of the rest
of the system. The average COP in New York will probably be equal to just the first stage only, if the
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heat pump is sized for that. However, there is a pumping penalty. This is only to pump water through
the heat exchanger. | would say the overall COP is in the 4.2 to 4.4 range, including pumping penalty for
a dual stage system. Again, annual efficiency can be reliably calculated off the first stage (low stage) at
41 F for annual average COP, multiplied by the pumping penalty as outlined above. The same is the case
for cooling EER, since the average annual entering water temp does not exceed 65 F due to cold ground
in NYS.

Arjun: | have been adding 500 kWh per year for a 3-ton system as the pumping electricity requirement.
Is that reasonable?

Jens: 500 kWh is reasonable. But you should note that we use the same pump for a 3-ton and a 5-ton
system; so proportionately a 3-ton has a higher pumping penalty than a 5-ton. We use about 45
watts/ton. But it gets complex.

A 5-ton unit has a higher capacity, so if we put in a larger unit, it will have lesser runtime, since it
satisfies the load quicker. Thus we have lesser pumping costs per ton with larger units. On the other
hand, variable speed units run much longer, but reduce the pumping energy use by revving down the
circulation pumps. Keep also in mind that part of the pumping power is already accounted for in the ARI
ratings for geo heat pumps. Based on monitoring and modeling, we applied a multiplier to the ARI
ratings.

NYS technical manual:

"EER and COP ratings provided in manufacturers’ catalogs were developed under conditions specified in
ISO 13256, which do not include fan and pump power external to the unit.” An adjustment factor is
applied to the manufacturers’ catalog data to account for fan and pump power:

Unit Type Stage Pump power Unit Type Fcoaling Fheating
(W/ton)
Variable Low 45 Variable flow 0.85 0.93
Two-stage Low 45 Variable flow 0.84 0.91
Variable Low 45 Constant flow 0.75 0.86
Two-Stage Low 45 Constant flow 0.80 0.88

Another way we applied it was 45 watts/ton x 2500 run hours = 112.5 KWh/ton annually.

The new variable speed heat pumps combined with variable speed circulation pumps have changed the
game. They run more of the time, but at lower speed. The pumps rev down with compressor stage.
They have remote control capability; we have that on 40 of our systems. We can reduce the 500 kWh —
2500 hours of run time at constant speed to 360 kWh per year. | would say if you assume about 120
kWh per ton per year for pumping with a variable speed pump, it would be a relatively realistic number,
at least in our design book. We go out of our way to reduce pumping power because it is a parasitic
loss. This is the best practice.

Arjun: Can you convert an existing hot-water and cold-water four-pipe system in a commercial building
to geothermal heat pumps?

Jens: For a water to water heat pump that depends on how hot you have to make the water. If | have a
new house with a radiant system, then water at 85 F is very efficient. But if you need 130 F water, then
we lose 15% for every 10 F.

Arjun: How common is baseboard heating in your area?

Jens: We have it. Sometimes there are cast iron radiators. We exchange those for baseboard heaters
with double fins. So it comes down to how much money should be spent on building improvement
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versus a larger geothermal system with less efficient baseboard. We converted an existing system
where the annual cost of fuel oil was $20,000 to a geothermal system with electricity cost of $6,000.
System was $165,000. So there was a ten or twelve year payback even with no investment tax credit.

Bill - NY has ~50 coops and municipal electric systems in smaller cities and towns that have historically
received very inexpensive hydro power from NYPA. Electric resistance heat can be common in those
areas, and NY is facing choices as demand for the hydropower increases and communities consider
switching to natural gas, requiring a major investment in gas infrastructure. We contend they should
instead move to heat pumps. Ontario is looking at the same issue and the Ontario Geothermal
Association has presented a strong proposal there to emphasize geothermal instead.

Jens: There are physical limitations. If you look at last 5 to 8 years, dual stage systems have not become
more efficient. In my opinion, they won’t get much more efficient. New variable speed (capacity)
systems are more efficient than a two-stage system. Units are oversized for 90 percent of their runtime,
which now improves their efficiency, due to oversized heat exchangers. The claim is a COP of 4.9 annual
efficiency, including pumping energy. There is nothing on the horizon to improve refrigerants. We are
using 410a. In my opinion it is not the refrigerant but the heat exchanger size and materials that are the
key to improving COP; we are getting to the point where efficiency is maxed out. It is important to note
that manufacturer COP values do not include pumping power. So, you have to adjust the manufacturer
COP by factoring in the specific pumping energy for that type of heat pump.

So far as cooling is concerned, peak reduction is a very important part of the benefit of geothermal heat
pump systems. Supplying power at peak times is what is costing us [ratepayers] a lot of money. So
geothermal heat pumps could offset new [peaking] power plants. Example: Average EER is between 25
and 40 at a water temperature of 67 F; it is EER 18-25 at a water temperature of 78 F. In New York
State, we are never at 78 F. For a correctly sized system, cooling load is 70%-30% heating versus cooling
in NYC, and 85%-15% in the rest of the state. As a result, ground loops are very oversized for cooling. |
would estimate that there is a 1.8 kW reduction in summer peak load per 3-ton system. The air
conditioners are probably running just in first (low) stage, consuming 1 kW, compared to 3 kW for a
normal, central air-conditioning system. This is due to the sizing for heating, thus they are oversized for
cooling and never engage second stage (high) stage, where their EER is less favorable. Again, the
pumping penalty must be applied.

Arjun: Well Jens, thanks so much. | really appreciate the expertise you have shared with me. [Bill Nowak
left the call about three-fourths of the way through the interview.]

Post-script added by Jens on review, quoting Fairey et al. 2004:

There are also several other aspects that artificially benefit the HSPF rated performance of air source
heat pumps compared with that which will be encountered in the field. These are summarized briefly
below:

e Whereas the defrost operation is typically based on the compressor runtime in real systems, the
ARI procedure assumes there is no defrost operation below 179F where defrost operation will,
in fact, be most often triggered due to extended compressor operation (see Section 4.2.1.3, ARI
210/240).

e Although the vast majority of air-source heat pumps operate auxiliary strip heat during the
defrost cycle to prevent "cold blow," the ARI procedure specifically requires that strip resistance
heaters be prevented from operating during the frost accumulation test. (Section 4.2.1.3). This is
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important since such operation of strip heat during the 3-10 minute defrost cycles satisfies part
of the house heating load at a lower efficiency that is not reflected in the ARI procedure.

e To achieve better performance in the most severe climate, the ARI procedure computes a
smaller building load for the colder Climate Zone V than it does in the more moderate climate
zones (I - IV and VI; see equation for BL (Ti) in Section A5.2.1). This results in much lower use of
strip heat than would otherwise be encountered in the coldest locations. Conversely, the ARl
procedure intrinsically assumes that homes in the mildest locations (Zone I) are just as well
insulated as those in Zone IV.

e Finally, beyond standard test conditions, while lower than nominal indoor unit coil air flow will
actually increase latent heat removal in cooling mode, there is no such compensation in heating
mode. All reductions to system heating capacity due to low coil airflow are a loss to system
operating efficiency, generally resulting in increased strip resistance backup.

Reference Publication: Fairey, P., D.S. Parker, B. Wilcox and M. Lombardi, "Climate Impacts on
Heating Seasonal Performance Factor (HSPF) and Seasonal Energy Efficiency Ratio (SEER) for Air
Source Heat Pumps." ASHRAE Transactions, American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc., Atlanta, GA, June 2004.
http://www.fsec.ucf.edu/en/publications/html|/fsec-pf-413-04/

NYS technical manual now penalizes air source heat pump performance for NYS climate per above study
and reference.
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Attachment B: Notes of interview with Hal Smith of Halco

Final notes of conference call on 2016-04-01 with Hal Smith (Halco); Jessica Azulay (AGREE); Arjun
Makhijani; reviewed and returned with edits on July 28, 2016.

Notes are not verbatim.

Arjun: We are studying Buffalo, Albany, and NYC (except high rise apartments) for HVAC energy
consumption, conversion of direct fossil fuel use for space heating to efficient heat pumps, investment
cost of conversion, and operating costs of the various systems. We are using the Energy Star heating
and cooling calculation template for these cities and would like actual data to make sure that we are in
the right ball park as to use and costs, and that the examples are representative. A part of the idea of
going to efficient electric systems is to make space heating renewable-grid-ready.

Hal: We participated in the Heat Smart program. We were one of three contractors. Heat Smart has a
good model of pricing, including detailed pricing of geothermal. Heat Smart was part of Solarize
Tompkins; it also included energy efficiency, geothermal heat pumps, air source heat pumps (ASHP), and
weatherization. Solarize Tompkins is a community organization in Ithaca. Melissa Kemp led Solarize
Tompkins. (Matt Johnston headed up HeatSmart Tompkins)

Most people on the Board of Solarize Tompkins are from Cornell; they were excited about air to air, and
thought that it was the end-all of heating systems. They also thought geothermal had too much added
cost.

There is a place for both geothermal and ASHP. ASHP will have a much shorter life expectancy; the
likelihood of matching up the indoor and outdoor pieces is remotely 15-20 years down the line. AHSP
expected life is 15-20 years. The expected life of a GHP is 25-30 years for the HP component; the ground
loop is forever. | will send you heat smart pricing (I have attached this separately for you). Itis all on the
Solarize Tompkins web site on a per ton basis.

Typically for a 2,500 sq. ft. house that is weatherized, you are looking at a 4-ton system. The same for a
new home: also 4 ton.

Arjun: What is the fraction of homes that can use a GHP?

Hal: We do 95 percent retrofit work. We have a small maneuverable drill rig; that way we can use a
vertical rig and can drill on a small foot print. We put copper tube in the ground at the rate of 100
vertical feet of well per ton. The footprint is just a three-foot circle. We drill four diagonal 100 foot
holes for a four-ton GHP. For water based geothermal, the well depths are deeper: 300 to 600 feet —
100 feet per ton. A lot of the time it is more efficient to drill deeper, but we have a small drilling rig.

So far as fraction of homes, | think we could install GHP in almost all detached homes. | just discussed
this morning a job involving 162 new town homes. There would be a 2 ton or 2.5 ton unit and one well
under each townhome, right under the utility room. Each townhome would have its own GHP unit. The
estimate for each is down to $13,000 and $14,000, including duct work. That is because it is new work
and the GHP and construction is part of the overall construction plan. The average home area will be
1,400 sq. ft.

Arjun: Are you comfortable with a requirement that new homes should be carbon neutral?
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Hal: We are proud that we even net zero homes as retrofits. | showcase a New York Geo farm house
from early 1800s. They had a horse barn. We weatherized with spray foam and installed solar panels.
They have surplus electricity enough to charge two Chevy Volts. | will send you the case study.
(attached separately)

Arjun: Is your climate zone close to Albany?

Hal: Our climate is closer to Buffalo. We have plenty of jobs where we use high-tech ASHP — Mitsubishi,
Carrier, LG, and Fujitsu. They operate well down to -5 F; below that efficiency drops off significantly.
The only thing with air source is that they will not last 20 or 25 years. Geothermal will go almost 30
years. The operating conditions for GHPs are same year round [because the well is underground and the
heat pump is indoors]; in contrast ASHP have outdoor components.

Arjun: In your business, what fraction of installations are GHP and what fraction ASHP?

Hal: It is a first cost thing. GHP can be used most cases. Until recently, only air source heat pumps
allowed ductless applications. But now LG has a GHP that can be combined with a ductless system.
Basically, it is an inverter compressor with up to 9 circuits. It can do heating or cooling at any time; it
cannot cool some units and heat others at the same time. It has the same line up as an ASHP. Instead
of using an outdoor compressor, they use the indoor loop. They have also been used for high rises in
the commercial sector.

There are emerging solutions to the first cost problem. For example, in the future, | see investors
putting in the ground loop and you them a monthly fee for using it. It would be much like the solar
leasing. It is already starting in Canada.

Arjun: How do you balance investment in weatherization, solar, and the size of the GHP?

Hal: We always do a comprehensive energy audit. We will not install a GHP until we have tightened up
home to the very best we can. It always makes sense to do that for both cost and comfort. | don’t agree
with using a larger system instead of tightening up the home. And our systems do not use strip heat.
There is a strip for emergency heat only, not backup.

We can spend $10,000 on weatherization pretty quickly. There are a lot of very leaky homes.
Weatherization pricing follows with the EmPOWER program for income-eligible customers [i.e., low-
income]. Heat Smart prices for weatherization were right in line with authorized EmPOWER payments
for weatherizing low-income households.

Arjun: What about GHP costs?

Hal: Horizontal GHP typically runs $6500 per ton; vertical: $7,500/ton. For ASHP, the cost is $3900/ton
installed.

Arjun: How much can the cost be reduced if orders are aggregated?

Hal: Aggregation reduces costs by 20 to 30 percent compared to a one-off system. Heat Smart cost
estimates were based on 100 systems being ordered. The added cost for one-off installations is basically
the customer acquisition cost. The Heat Smart program took the customer acquisition cost out of it.

Arjun: Is there any particular element of Heat Smart that is particular Tompkins County?

Hal: No. This would be typical. Sometimes Tompkins County may be more difficult in terms of
regulations, but overall there is not a significant difference in cost between areas. We work as far east
as Utica; to the west we work out to Batavia; to the south we work as far as the Pennsylvania border; to
the north we go as far as Lake Ontario. | should say that Heat Smart only allowed water based heat
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pump systems; they were closed-loop vertical or horizontal GHP. They did not allow direct exchange
geothermal. Heat Smart worked well for retrofits.

Arjun: Have you done many aggregated contracts?
Hal: Not many.
Arjun: How about pre-retrofit and post-retrofit energy data?

Hal: In the contracting business, there is not much pre and post data. We are getting to home
automation that allows remote monitoring. So far monitoring GHPs with actual measured data has
been non-existent. So it is not measured. As a result, it is complex to calculate true COP.

The rated COP does not include pumping energy. 500 kWh per year is a fair estimate for the pumping
energy. It depends on what part of the country you are in. An old A/C system might be 6 or 8 SEER if it
is 15 or 20 years old. The A/C hours in our area are few, so they last a long time. As a result there are a
lot of old A/C systems. As a result, when you install GHPs, you are saving a couple of kilowatts in peak
load for every old system you replace. We have been very successful with fuel oil and propane
replacements. In the case of natural gas heating systemes, it is a tough sell.

In the email dated July 12, 2016, you asked:
1. Do you have a compilation of Heat Smart Case Studies including costs and energy data,
estimated or, preferably post-installation? | do not, but you can contact Matt Johnston. His
email is matt@solartompkins.org and phone number is 617-680-2646
2. How much added electricity use is there annually when a water heater with a de-superheater is
installed along with the GHP, in order to replace a gas or oil water heater? Around $150-$200
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Attachment C: Performance-based Incentives HVAC Systems®®

New York has no statewide incentives for efficient heat pumps but is considering a rebate for
geothermal heat pumps. As discussed in this report, such a rebate is justified because of the GHG
emission reductions that accompany the conversion from fossil fuels to efficient heat pumps and the
reduction of peak load that results from making air conditioning much more efficient.

The analysis in this report shows that the rebates should be performance-based rather than technology-
based. Air-to-air heat pumps come in a wide range of efficiencies; at the upper end of the range, the
performance is closer to geothermal heat pumps than to a typical air-to-air heat pump. Further,
emerging technologies, such as the solar-assisted heat pump could rival the performance of geothermal
heat pumps. Finally, efficient heat pumps operating on renewable energy in heating mode are far more
efficient than oil or natural gas furnaces or boilers. The combined performance of heating and air
conditioning should be taken into account in setting the rebate structure.

1. Calculating the incentive structure
We first had to establish the minimum and maximum performance limits for determining the incentive
amount. We chose the requirements for Energy Star labelling as our minimum performance standard
that would merit an incentive at the lowest level and geothermal heat pump, which is the most efficient
device, as our maximum performance standard. In this proposal we use the existing state and utility
rebate amounts to determine both the upper and lower incentives. The below table summarizes these
values.

Table C-1 Minimum and maximum incentive levels and the associated combined performance factors
for calculating a new performance-based incentive for efficient heat pumps.

Combined Performance Total incentive
HSPF | SEER Factor (HSPF x SEER) amount
| Energy Star rating | 82 | 15 | 123 | $500 |
Geothermal HP 14.7 30 440 $3,500

The framework for the incentive is that increasing efficiency in performance should be encouraged with
an associated increase in incentives available. Thus we calculated a dollar amount per unit of
performance increase that can be applied to any technology that falls between the Energy Star label
criteria (HSPF = 8.2 and SEER = 15) and that of high-performing geothermal heat pumps (HSPF = 14.7
and SEER = 30) according to the following calculation:

S{Max incentive — Min incentive) Incentive amount

(Max combined performance — Min combined performance) unit of performance increase

Using the information from Table C-1 in the above equation, we get a value of $9.46 per unit increase in

performance.
($3,500 — $500) _ £9.43
(440 —123)  unit increase of performance

80 The text in this section is mainly from Makhijani and Mills 2015.
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This amount would apply for each unit increase above a minimum combined performance factor of 123.
All technologies that meet this minimum level of performance will get the minimum $500 incentive,
while higher performing units will get additional incentives at $9.46 per unit of performance
improvement.

A limit of 50 percent of the total installation cost or the maximum possible incentive would be an
appropriate restriction on any single project. Since a single unit of performance is a rather fine mesh, it
may be convenient to increase incentives in steps of 50 units. We will illustrate the incentives at $9.43
per unit for the purposes of this description.

2. Examples of performance-based incentives

Next we took the above performance-based incentive structure and applied it to our case study analysis
for natural gas plus central air conditioning and all heat pump replacements.®! Table C-2 summarizes
these calculations. The natural gas plus air conditioning is the reference case and no incentives are
applicable to it.

In these calculations, we assumed that the federal tax incentive has expired and only state and utility
incentives would be available. The calculations relate to the total rebate and assume the lowest rebate
is $500 and the highest is $3,500. The upper limit of incentives could be higher, if the full range of
benefits of retrofitting fossil fuel heating systems with efficient electric systems is taken into account,
including methane leaks, and reduction or elimination of fossil fuel price volatility.

Table C-2: Performance-based incentive calculations for heat pump replacements. Source: IEER.

“CPF” Total incentive
[note 1]

| Natural Gas + Energy Star CAC (Note 2) | 47 | S0 |
Non-Energy Star HP 100 SO

| Energy Star HP (Note 3) | 123 | $500 |
Cold Climate HP (Note 4) 260 $1,792

| Cold Climate Mini-split HP (Note 4) | 312 | $2,082 |
Geothermal HP (Note 4) 441 $3,500

Notes:

1. “CPF” stands for “Combined Performance Factor” and is the product of the technology’s HSPF and SEER.

2. Natural gas furnace efficiency = 95 percent, which gives and HSPF of 3.24; Energy Star SEER = 14.5. Hence
the CPF is about 47

3. Minimum incentive is applied when the combined performance factor is equal to an Energy Star rated air-
to-air heat pump. In this example that number is 123.

4. The incentive is calculated by adding the minimum incentive amount ($500) to the product of the unit’s
CPF and the performance increase value. For instance, the cold climate heat pump has a CPF of 260,
which means it qualifies for the minimum incentive of $500. Added to that is $1,292, which is equal to
$9.43 multiplied by the difference between 260 and 123, which is 137. The maximum incentive is set at
$3,500. Incentives for natural gas space heating and central air conditioning are zero.

81 |nstalling efficient heat pumps to replace oil and electric resistance heating systems with central AC, are already
highly economical without any incentives and are not included in this particular analysis.
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We note that when the minimum combined performance factor is set equal to an Energy Star Heat
Pump, even the most efficient natural gas furnace would not qualify for a rebate. The energy losses at
thermal generating stations are not taken into account in this calculation; neither are the methane leaks
and other disadvantages of natural gas.

3. Thermal Renewable Energy Credits

Another approach to incentives based on performance could be to attach thermal renewable energy
credits (thermal RECs) to heat pumps that are as efficient or more efficient than Energy Star devices.
Heat pumps produce more usable space heat than the energy content of the electricity they use
because they use the electricity to extract energy from the environment — air, soil or rock, or water. The
energy provided by the environment can be considered renewable; accordingly, a REC can allocated to it
on the similar basis that RECs are created for renewable electricity. This is done in a number of states,
including Arizona, Maryland, Massachusetts, and Texas.®

In the context of electricity generation, the normal practice is to allot one REC per megawatt-hour of
electricity. For small systems (typically less than 10 kilowatts), RECs are allotted based on a technical
estimate. This avoids the overhead cost of measurement and administration, which could be prohibitive
from small systems. In the case of thermal renewable energy, such as geothermal heat pumps or cold
climate heat pumps, the number of RECs would correspond to the estimated thermal energy extracted
from the environment. For instance, a geothermal heat pump with an annual average coefficient of
performance (COP) of 4 would extract 3 units of thermal energy from the environment for every unit of
electricity consumed. Thus, 3 RECs would be allotted to it per megawatt-hour of electricity used. In
practice, a technical estimate based on the size of the system and the climate would be made; the
number of RECs would be allotted in advance according to this estimate.

Take for example, a three-ton geothermal heat pump installed in a single-unit housing structure in
Climate Zone 5. Our estimate, shown in Table 5-A (Chapter IV, Section 2.i), of annual electricity use for
space heating is 20 million Btu (including pumping energy). The energy extracted from the environment
is 54 million Btu, or about 16 megawatt-hours thermal (rounded).®® Thus, 16 thermal RECs per year
would be allotted to this system annually. At $10 per thermal REC, the annual revenue would be $160.
A similar calculation for the cold climate heat pump in Table 5-A yields an estimate of 14 thermal RECs
per year, which, at $10 per REC, amounts to $140 per year.

A central objective of incentives should be to reduce the first cost of the system to make efficient heat
pumps more affordable. Rebates reflect the social and environmental benefits that efficient heat
pumps provide compared to fossil fuel or electric resistance heating systems. Thus, if thermal RECs are
used in preference to rebates, thermal credits should be estimated on a cumulative basis at the time of
sale and used to discount the price of the heat pump. The annual value of the RECs is too small for a
residential GHP owner to carry out transactions.

82 Donalds 2015, p. 5. This report also surveys the approach to thermal renewable energy in each state that has
incentives for such energy.

8 The electricity used for running the heat pump is 18 million Btu per year, and the COP of the GHP is 4 in this
example. The annual energy extracted from the Earth = 3*18 = 54 million Btu or about 15.8 megawatt-hours
thermal which we have rounded up to 16. The total electricity to run the system is 20 million Btu per year, since
we must add the 2 million Btu of electricity required to run the pump that circulates the fluid through the
geothermal ground loop (see Table 5-A in Chapter IV, Section 2.i).
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Using the above example, the total RECs for the three-ton GHP over its estimated 25-year life would be
400, corresponding to an undiscounted value of the thermal RECs of $4,000. This is $500 more than the
rebate suggested based on heating and cooling performance in Table C-2 above. A $9 value per thermal
REC would make the two numbers almost equal. For the cold climate heat pump, with an estimated life
of 15 years, the undiscounted cumulative value of the RECs at $9 per REC would be about $1,900; this is
similar to the value of the rebate of $1,792 calculated for this heat pump (see Table C-2 above).

It is possible to create a market for thermal RECs, in the same way as there is a market for RECs
generated by renewable electricity sources. However, the value of the RECs fluctuates considerably,
creating a significant element of risk for the purchaser of the heat pump. If the RECs are sold in advance
to a third party, the value realized would, typically, be considerably lower than that from a direct sale
because the risk is assumed by the purchaser and also because there are transaction costs that must be
paid for (including the anticipated profits of the purchaser).

On balance, we would recommend rebates set according to performance, as discussed in Section C.2
above. If the approach of thermal RECs is used instead, the cumulative value of the RECs should be
allotted in advance to the purchaser to reduce the first cost of the heat pump. As with rebates, thermal
RECs should be accorded only to devices with performance equal to or better than Energy Star devices.
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Assemblywoman Alicia Hyndman's written testimony regarding intro number 1198, a local law to
amend the administrative code of the city of New York, in relation to flood mitigation in Southeast

Queens.

Chairman Constantinides,

This testimony is in support of Intro number 1198 to provide flood mitigation for the Southeast
Queens community, a large portion of which | represent in the 29th Assembly District.

For over 40 years our community has dealt with the issue of chronic and severe flooding because
commercial and residential development in Southeast Queens rapidly outpaced the city sewer system.
The over development was allowed without planning for the extension of sufficient sewer lines in our
neighborhoods. Basic infrastructure such as catch basins or storm sewers to drain precipitation from
the roadways were not installed and only in the last few years, through the advocacy of our local
council members and the Mayor have infrastructure projects partially addressed this condition.

The current infrastructure projects only address half of the problem. The other side of flooding in this
community is the elevated water table found throughout Southeast Queens. In 1996 the New York
City Department of Environmental Protection took over the operation of the Jamaica Water Supply
Company, which operated several wells that removed almost 30 million gallons of water per day. In a
effort to improve the quality of water and unify the City’s water system, the wells were shut down.
On the surface this plan may have appeared effective. However, that is far from the case as the
repercussions of closing the wells caused the water table to rise exponentially and now is one of the
main factors creating the constant ground water flooding.

For thousands of homeowners even minor rains can cause water to rise in our basements, yards and
streets. Many of my constituents have pumps in their homes to help alleviate the rising groundwater
which they must maintain at their own expense. Institutions such as York College and the Parsons
Archer subway station, a vital transit hub for hundreds of thousands of commuters, has dealt with the
costly effects of groundwater intrusion.

As our area is about to experience huge growth with the Downtown Revitalization of Jamaica we do
not want to turn away the potential growth nor cause elevated construction costs with having to deal
with the ground water problem.

During recent meetings with the Department of Environmental Protection's Commissioner Vincent
Sapienza, | advocated for a study to determine the feasibility of a technique that would help address
the ground water issue, directional drilling. My office and community stakeholders were told by the
Commissioner that the city would be allocating $100,000 to the study. I am currently working with
my colleagues in Albany to secure the additional funds for the study.
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The residents of the 29th Assembly District cannot wait any longer for relief, which is why 1 fully
support flood mitigation for the community. My office stands ready to assist in any way possible;
together we can address this historic inequality and help ensure that homeowners have the quality of
life they deserve. Thank you.

Yours in partnership,
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Alicia Hyndman

NYS Assemblywoman

29th Assembly District
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