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Introduction
On April 8, 2013, the Environmental Protection Committee will vote on Proposed Int. No. 694-A, a bill that would require the City to study the feasibility of developing geothermal energy to heat and cool buildings or heat water. 
Background
As PlaNYC 2030, the City’s sustainability blueprint, makes clear, the City needs to change the way we generate electricity, hot water, heating for our homes and cold air in order to rely less on fossil fuels, which produce pollutants such as particulate matter and greenhouse gases that are harmful to human health and the environment. Although hydrologic, solar, and wind power are the most commonly discussed renewable energy sources, geothermal energy, or energy derived from the earth’s natural heat, could also contribute to significantly to renewable energy production.
,
 
Heat within the earth can be harvested in various ways to create usable, clean, renewable energy. The Earth’s core retains heat from the time of Earth’s formation. Additional heat is generated by heat radiated by the sun, and from other sources. This heat moves via convection and conduction outward from the core toward the Earth’s surface. The result is a virtually unlimited amount of heat that keeps the ground below the surface at a steady, warm temperature.

This heat can be captured and used in a number of ways. Since ancient times people have used naturally occurring hot water at or near the surface for baths and other purposes. A second use, known as ground source heating and cooling, uses technology to enhance the heating and cooling potential of underground heat. This use could be much more broadly adopted, as relatively shallow wells can reach depths with sufficient heat to meet these purposes, and there is no reliance on shallow, easily accessible hot water or steam. Last, geothermal resources can be used to generate electricity.
 
Ground Source Heating and Cooling
The essence of ground source heating and cooling is that it uses geothermal heat pump technology to exchange heat between the even temperature of the ground below the surface and the inside of a building in order to heat the building in winter and cool the building in the summer. In the case of New York, the subsurface temperature stays at a steady temperature 57 degrees Fahrenheit. In a geothermal system, a fluid, such as water, is pumped between the building and the below-ground environment. In the winter, the heat picked up underground by the fluid is used to heat the building, and in the summer the fluid removes heat from the building and deposits it underground. The origin of the heat is often called the source, and where it is taken is called the heat sink.

Heat exchange systems heat and cool buildings by circulating the warm water throughout the building and utilizing a heat pump, which is a device that transfers thermal energy, in each room or zone to be heated or cooled. These heat pumps work similarly to an air conditioner or refrigerator. The heat pump uses a refrigerant to create a hot and a cold zone, and then moves heat from one zone to the other, depending on weather it is heating or cooling the building. When heating, heat from the water is absorbed by the refrigerant, which then evaporates. This gas is compressed and pumped to the hot zone, where cool air is blown across the piping of the warm zone. The air is warmed to the desired temperature and moved a short distance via ducts to where it is needed. As the refrigerant cools, it returns to its liquid state and moves back to the cold zone. To cool the building, the hot and cold zones are switched, and heat is extracted from the building, transferred to the water, and taken underground.

One common configuration is known as a closed-loop bore ground heat exchanger system. This system utilizes several pipes in vertical bores, which can then be covered by a parking lot or other use. The pipes descend 100-300 feet below ground and then make a u-turn to return to the top. Several bores are typically connected to make a circuit, and each circuit is isolated from the others. The overall size of the system is based on the heating and cooling needs of the building.

A second approach, called a closed-loop horizontal ground heat exchange system, is better suited to smaller projects with smaller budgets. In this system, pipes are placed in six to eight foot horizontal trenches and then covered with backfill. Due to the lower temperature at this shallow depth, these systems require more piping and so take up more space.
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Figure 1: This figure depicts a range of different heat exchange systems.

Open-loop heat exchange systems typically use one or more supply and diffusion wells, where water is taken from the supply well and returned to the diffusion well. These systems are the cheapest and most efficient and are appropriate where aquifers are above bedrock, have good water flow, and are easily accessible. In New York City, this type system is most likely appropriate in much of Brooklyn and Queens and parts of Staten Island, as well as limited areas in Manhattan and in the Bronx. These systems often require test wells and monitoring wells.
 A variation on this approach discharges used water into a pond or river.
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Figure 2: Hydrogeology of Brooklyn and Queens with different heat exchange systems.


A second configuration, known as standing column wells, uses a number of deeper wells (approximately 1,500 ft.) drilled into bedrock, spaced at about 75 foot intervals, where water is removed from the bottom of the wells and returned to the top. These systems are most appropriate where space is limited and/or bedrock is close to the surface.
 These wells do not rely on easily accessed ground water and so require less testing and monitoring. These systems are best suited for most of Manhattan, the Bronx, northern Queens, and western Staten Island.


Geothermal heating and cooling systems can potentially provide a wide range of benefits. First, one system provides both heating and cooling, whereas a typical HVAC system requires equipment to produce and distribute both cold and hot air. Not only is there less equipment to heat and cool the building, there is significantly less ducting needed, which means there is more room for other things. 

Second, these systems are relatively simple, and they are cheap to operate and produce energy cheaply and efficiently. For starters, the above-mentioned fact that there is one system for both heating and cooling helps make these systems simple and cheap to run. In addition, heat is dispersed back into water and then into the ground, so there is no need for loud and cumbersome exterior equipment such as cooling towers and condensing units. Next, energy is transferred around the building in water, and heating/cooling takes place in each room or zone via the heat pump. Traditional systems rely on heating or cooling air and then transporting it around the building, a much less efficient approach. In addition, where the hot and/or chilled water can be used instead of disposed of underground, further efficiencies can be achieved. Next, each heat pump works independently to heat or cool the zone or room it serves, making these systems both efficient and better at servicing buildings that have multiple zones. Last, ventilation can be achieved using additional heat pumps, so there is no need for heat recovery systems. All of these advantages help make these systems easy and cheap to maintain and contribute to their long life expectancy. 
, 

One final and critical advantage is that these systems are better for the environment than other, similarly-purposed systems. All of the advantages above—including utilizing less equipment and efficient movement of energy— directly lead to a lower pollution footprint. In addition, the small amount of electricity needed to operate the system is located at a power plant, and not on site, where scrubber and other technology will help reduce pollution. All of these traits add up to make geothermal heating and cooling the best technology in terms of emission of greenhouse gas emissions.


Even with all these advantages, heat pumps are still the least used component of available HVAC technologies, but their use is increasing by about 20% per year. A study put together for NYSERDA, updated in 2007, identified around 180 geothermal projects that were completed or under way in New York State, a number of which are in the City.
 The cost for purchasing and installing geothermal equipment is a major roadblock for the technology. These costs can vary widely due to site-specific circumstances, but in general geothermal costs several times more than conventional HVAC systems. But even at such high costs, energy savings and tax incentives
 can allow for a payback in the 5 to 10 year range, and cost savings will continue to accrue over the life of the equipment.


Conclusion

Geothermal heating and cooling is a known and well-tested technology that has the potential to lower New York City’s pollution footprint from energy consumption and greatly reduce greenhouse gas emissions. Today we will vote on Proposed Int. No. 694-A, a bill that would help facilitate the use of this technology and potentially speed up its deployment. Such an effort would be in keeping with PlaNYC 2030, which states that “we will evaluate the prospects for tapping into “geothermal” resources, such as sewer systems and groundwater, to serve heating and cooling loads at nearby buildings.” 

Discussion of Proposed Int. No. 694-A

Section 1 contains definitions for “energy,” “geothermal energy,” “geothermal ground coupling,” and “geothermal system.”

Section 2 requires a Geothermal energy study to be conducted by the Office of Long-Term Planning and Sustainability and submitted to the Mayor and the Speaker of the Council to explore the feasibility of developing geothermal energy resources in the city. The study must have a map that visually identifies or estimates areas of the city that may be appropriate for geothermal energy exchange with the Earth based on subsurface geologic conditions and the type or types of geothermal system that would be appropriate for each such area, and that can be used to determine whether a building may be within any such area.  The study also must include a summary of building characteristics that would be suitable for a retrofit installation of a geothermal system; an analysis of the viability of developing large district or campus-scale geothermal ground couplings to serve clusters of buildings; a summary of the applicable federal, state, and city laws, rules, regulations, filing requirements, and fees for the installation and operation of geothermal systems; a summary of the specific practical and legal impediments, if any, to the installation and operation of geothermal systems; a summary of existing technical standards and/or guidelines for geothermal system installations in the city of New York;  and recommendations to promote the installation and use of geothermal systems in new construction, alterations, and retrofits of building.  
Section 3 requires the study to be submitted to the mayor and the speaker of the council on or before June 1, 2014. In addition, the statistical or factual information compiled by the city and utilized in such study shall be made available to the public on the city’s open data web portal at the time the study is submitted.


Section 4 states that the local law shall take effect immediately.

Amendments to Proposed Int. No. 694-A

· The bill formerly amended section 1301 of the New York City Charter. It is now unconsolidated.

· The bill formerly directed the Department of Small Business Services to conduct the study. It now directs the Office of Long-Term Planning and Sustainability to conduct the study.

· The legislative findings have been removed.

· The definition for “geothermal energy” has been slightly amended for accuracy.

· The definitions for “geothermal heat pump” and “geothermal subzone” have been removed, and the definitions for “geothermal ground coupling” and “geothermal system” have been added.

· The bill now takes effect immediately instead of one hundred eighty days after its enactment.
· The requirement of the study to ascertain which subzones in the City were most suitable for geothermal energy has been changed to a requirement to map the areas of the City suitable for geothermal energy.

· The requirement of the study to identify and track of public and private geothermal projects has been removed.

· Requirements to examine the feasibility of campus-scale geothermal projects; to summarize applicable federal, state, and city laws, rules, regulations, filing requirements, and fees; and to summarize the existing technical standards and guidelines for geothermal system installations, have been added.
· Technical changes were made throughout the proposed bill for clarity and to organize the material by subject matter.

Proposed Int. No. 694-A

By Council Members Gennaro, Garodnick, Brewer, Fidler, Gentile, James, Koppell, Lander, Mark-Viverito, Palma, Williams, Halloran and Ulrich

A LOCAL LAW

In relation to studying the feasibility of developing geothermal energy.

Be it enacted by the Council as follows:


Section 1. Definitions. For the purposes of this local law, the following terms shall mean:


a. “Energy” shall mean work or heat that is, or may be, produced from any fuel or source, including, but not limited to, electrical, fossil, geothermal, wind, hydro, solid waste, tidal, solar and nuclear.


b. “Geothermal energy” shall mean the stored thermal energy of the Earth that is recovered to heat or cool buildings, or generate electricity.

c. “Geothermal ground coupling” shall mean the arrangement of piping and fluid handling equipment designed to exchange the stored thermal energy of the Earth with a building.

d. “Geothermal system” shall mean a type of heating, ventilating and air conditioning (HVAC) system used to exchange the stored thermal energy of the Earth with a building, to provide space heating and cooling, and hot water through the use of geothermal ground coupling and mechanical heat exchange devices such as heat pumps, modular reversible chillers, or other heat exchangers.

§ 2. Geothermal energy study and recommendations. As provided in section three of this local law, the office of long-term planning and sustainability shall submit a study to the mayor and the speaker of the council to explore the feasibility of developing geothermal energy resources in the city, which shall include, but need not be limited to:


a. a map that visually identifies or estimates areas of the city that may be appropriate for geothermal energy exchange with the Earth based on subsurface geologic conditions and the type or types of geothermal system that would be appropriate for each such area, and that can be used to determine whether a building may be within any such area;


b. a summary of building characteristics that would be suitable for a retrofit installation of a geothermal system;

c.
an analysis of the viability of developing large district or campus-scale geothermal ground couplings to serve clusters of buildings;


d. a summary of the applicable federal, state, and city laws, rules, regulations, filing requirements, and fees for the installation and operation of geothermal systems;

e. a summary of the specific practical and legal impediments, if any, to the installation and operation of geothermal systems;


f. a summary of existing technical standards and/or guidelines for geothermal system installations in the city of New York; and


g. recommendations to promote the installation and use of geothermal systems in new construction, alterations, and retrofits of buildings.

§ 3. The study required by section two of this local law shall be submitted to the mayor and the speaker of the council on or before June 1, 2014. The statistical or factual information compiled by the city and utilized in such study shall be made available to the public on the city’s open data web portal at the time the study is submitted.

§ 4. This local law shall take effect immediately.
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