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Title:
A Local Law to amend the New York city charter, in relation to facilitating the development of geothermal energy.
 

City Charter:
Amends Paragraphs c and d of subdivision 3 of section 1301 of the New York city charter and adds a new paragraph e. 
Oversight: The Potential of Geothermal Energy in New York City.
Introduction
On June 11, 2012, the Environmental Protection Committee will consider Int. No. 694, a bill that would require the City to study and report on ways to facilitate the expansion of the use of geothermal energy to heat and cool buildings, heat water, or create electricity. The hearing will also explore the overall potential for geothermal power in the City.
Background
As PlaNYC 2030, the City’s sustainability blueprint, makes clear, the City needs to change the way we generate electricity, hot water, heat, 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 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 the breakdown of radioactive substances within the Earth, from 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 potential 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 geoexchange 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 in the low 50s degrees Fahrenheit. In a geoexchange 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.

Geothermal heat exchangers can be configured in a number of different ways depending on the availability of space, the hydrogeology of the area, and other such factors. These systems can be open or closed. Closed systems consist of a continuous loop whereby the liquids are re-used and never discharged, whereas open systems discharge into a well or surface water body.
However, the piping and grouting required for a closed systems adds another layer of heat transfer resistance, which reduces efficiency.
 Whatever system is selected, they do require electricity to pump water and otherwise operate, although it would be possible to generate this electricity from photovoltaic or other renewable technologies, thereby further reducing their emissions.
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.

A third closed system utilizes heat from surface water. These closed-loop surface water ground heat exchangers use an existing or new pond as a heat sink or source. Pipes in loose coils are anchored just above the pond’s bottom. Because water at the bottom of the pond remains above freezing (if properly sized), heat can be extracted from it.
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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 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.


A third approach, known as open-loop surface water systems, use surface waters such as a lake to heat and cool buildings. The obvious advantage to these systems is that they require no drilling, but a number of factors, such as the low temperature of the water in the winter, limit their usefulness, and they are uncommon.


Finally, there are hybrid systems that have, for example, placed heat exchangers in the pilings of buildings or utilized effluent from wastewater treatment for heating/cooling. Any situation where there is a heat sink or source of even moderate temperatures (40-90 degrees F) has the potential for use in a heat exchange system. Hybrid systems typically only use heat exchangers to meet a portion of the building’s load.


Whatever the system, sizing it to meet the needs of the building without making it too big is crucial to getting the cost right. In an ideal situation, heating and cooling loads are similar. When that is not the case, a fluid cooler can be added to achieve additional cooling (although it requires additional equipment and water treatment), or, if the heat load is larger, a small boiler can be used to provide additional heat, and the system can be sized to meet the lower cooling load.
 Getting size right, based on the actual heating and cooling loads (and, where relevant, domestic water usage) of the building, is critical, because unlike typical HVAC equipment, the cost of geothermal systems is generally directly linear to performance. For example, a geothermal system that is oversized by a factor of two will be approximately twice as expensive, whereas a typical boiler similarly oversized with cost 25% more.


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 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.


Geothermal Electricity

Geothermal heat can also be used to produce electricity. In places where natural steam and hot water are readily available, they can be tapped to turn turbines and produce electricity. Newer technologies look to enhance the natural heat deep in the crust to allow for electricity generation in places where natural steam is not available. In essence, these systems rely on deep wells to access high heat, fracture rock to provide space for water, and then pump water into the well to convert it to steam. The steam would then be used to create electricity.


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. Today we will hear Int. No. 694, a bill that, if passed, 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.” We will also conduct an oversight hearing on the potential for using geothermal power in New York City.

Discussion of Int. No. 694

Section 1 contains the legislative findings and intent.


Section 2 adds a new paragraph e requiring the City to undertake a study of geothermal subzones underneath the City to determine which are best suited to geothermal heating, cooling, or electricity generation. The study must include, at a minimum, an accounting of existing geothermal projects, impediments to geothermal energy, and ways to facilitate geothermal energy use. The study is to be released first as a draft, then as a final report. If the study concludes that more geothermal energy use is not expected, it must explain why and there must be a new analysis of the topic after three years.

Section 3 of the legislation would add definitions for “geothermal energy,” “Ground source heat pump,” and “geothermal subzone.”


Section 4 states that the local law shall take effect in 180 days.
Int. No. 694

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

..Title

A Local Law to amend the New York city charter, in relation to facilitating the development of geothermal energy.

..Body

Be it enacted by the Council as follows:


Section 1.  Legislative findings and intent.  The Council finds that the constant temperature of the Earth creates underground sources of heat, hot water and steam which can become fuel to produce geothermal energy.  Various forms of geothermal energy have been used for hundreds of years.  Modern technology accesses these underground reservoirs, steam deposits and hot air by drilling, and then uses the heat or hot water directly or uses it to create power. Geothermal energy represents an enormous, underused power source that provides clean, renewable energy in a virtually unlimited supply.  


The Council further finds that geothermal energy can be used for ground source heating and cooling.  Ground source heating and cooling can be effected almost anywhere in the United States using a geothermal heat pump, a highly efficient renewable energy technology that takes advantage of the constant temperature of the Earth beneath the surface. The heat pump captures the heat stored in the Earth or in ground water during the winter and transfers it into buildings; during the summer, the heat pump transfers heat out of the buildings and back into the ground. In other words, the ground acts as a heat source in winter and a heat sink in summer.  Applications of this technology include use for space heating and cooling, and providing hot water. Many residential and commercial organizations in New England operate with ground source heating and cooling systems, including Trinity Church and the Massachusetts Audubon Nature Center in Boston, Massachusetts, and the City Hall Annex in Cambridge, Massachusetts.  New York City also has residential buildings either using, or planning to use, geothermal energy, including a twenty-six story, two hundred and twenty-five apartment New York City Housing Authority building on East 28th Street that is scheduled to convert to geothermal heat and hot water. The building currently relies on steam pressure supplied by Con Edison and the retrofitting will be paid for with $650,000 of American Recovery and Reinvestment Act funds and $500,000 from the New York City Housing Authority for the portion of the work that is funded by the City.  The cost of geothermal heating at the complex is expected to be about half of the current heating bills and such heating will constitute a completely renewable energy source, with no use of fossil fuels. Another New York City building using geothermal energy is 9 East 64th Street, a new residential building in Manhattan.
Use of renewable energy will help New York City reduce fossil fuel dependence, improve air quality, reduce adverse public health impacts from poor air quality and help diversify the suite of renewable energy sources used.  Geothermal technologies represent a major opportunity for reducing national energy use, greenhouse gases and pollution, while delivering comfort, reliability and significant fuel cost savings to homeowners.  

Therefore, the Council finds that it is in the best interests of the City to explore measures that would facilitate and increase the use of geothermal energy sources in New York City. 

§2.  Paragraphs c and d of subdivision 3 of section 1301 of the New York city charter are amended and a new paragraph e is added to read as follows:


c.  to  develop,  implement  and  manage  energy-related  programs for economic development and other purposes, including, without  limitation, the  administration of the public utility service established by section 22-301 of the administrative code, and to exercise all of the functions, powers and duties of such public utility service; [and]


d. to perform such  other  responsibilities  with  respect  to  energy matters,  including responsibilities delegated elsewhere by the charter, as the mayor shall direct[.]; and

e. to facilitate the use of geothermal energy by undertaking a study to ascertain the geothermal subzones within the city most suitable for the use of geothermal energy for building heating, cooling and electricity generation.  The study shall include, but not be limited to, identification and tracking of the public and private heating, cooling and electricity generation projects, if any, currently utilizing geothermal energy, the specific practical and legal impediments to greater use of geothermal energy, and the measures needed to increase and facilitate use of geothermal energy in new construction, alterations of one- and two-family dwellings, multiple dwellings and commercial and institutional buildings and structures.  A draft of such study shall be submitted to the mayor and the speaker of the council on or before August 1, 2012.   A final study with recommendations for greater use of geothermal energy in the city shall be submitted to the mayor and the speaker of the council by December 1, 2012.  In the event that the study concludes that no greater use may be made of geothermal energy at that time, the department shall explain its reasons therefor.  If there are no recommendations made with respect to the facilitation of greater use of geothermal energy in New York City, the department shall undertake another study in three years to examine this issue again and ascertain whether greater utilization of geothermal energy is more feasible at that time.

§3.  Subdivision 4 of section 1301 of the New York city charter is amended to read as follows:



4. For purposes of subdivision three of this section[,]: 



a. “Energy” ["energy"]  shall  include  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 natural heat energy of the Earth which is recovered to heat or cool buildings or generate electricity.



c. “Ground source heat pump” shall mean any electrically powered system that uses the stored energy of the earth to provide heating, cooling and hot water for buildings.



 d. "Geothermal subzone" shall mean any area designated by the commissioner as suitable for the use of geothermal energy for heating, cooling and hot water production for buildings or for the production of electrical energy.  Designation of these areas would include consideration of site specific geology and hydrogeology, the types of suitable soils, and the presence of bedrock or aquifers.
§4. This local law shall take effect one hundred eighty days after its enactment, except that the commissioner of small business services shall take such measures as are necessary for its implementation, including the promulgation of rules, prior to such effective date.
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