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i The NY electrical grid operator (NYISO) is investing ~$2B to upgrade transmission lines for the near term: 
https://www.nyiso.com/-/the-road-to-2040-our-role-expanding-transmission-to-meet-the-needs-of-a-clean-
energy-grid.  Long-term studies are underway to understand the range of full investment needed. 
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ii https://atb.nrel.gov/electricity/2021/offshore_wind#capital_expenditures_(capex). NREL reports grid wind prices 
nationally average of ~$1500/KW for land-based wind and ~$3000 for offshore wind.  NYS has relatively poor land 
wind resources (see Figure 7, this paper) but better offshore resources (Lake Ontario and Atlantic Ocean) that form 
a large part of NYS’s future energy plans and the State’s current focus. We used $2800/KW as a reasonable 
estimate of the mix of wind resources likely to be deployed in NY.  

https://atb.nrel.gov/electricity/2021/utility-scale_pv#capital_expenditures_(capex)
https://atb.nrel.gov/electricity/2021/utility-scale_battery_storage#capital_expenditures_(capex)

v Hydropower is a significant renewable energy source in NYS.  However, in NYS (and most US areas), the resource 
availability, land use, and social and ecological impacts preclude extensive hydropower development.  Expansion of 
nuclear power, a source generally considered non-GHG emitting but not renewable, is also not planned for NYS. 
vi https://www.nyiso.com/real-time-dashboard 
vii The category “other renewables” is currently dominated by waste and biomass combustion, which release 
GHGs, albeit arguably with lower net emissions. 
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viii Nuclear power is shown in green as it does not directly emit carbon.  Most nuclear plants in NYS are operating 
beyond their original permitted life span; two plants (Indian Point) were closed in 2021 and others are slated for 
closure over the next decade, reduced emission-free power. No new nuclear plants are formally planned.  
ix Energy imports/exports also impact the overall energy mix.  The NYISO grid is tied to grids in Ontario, New 
England, PA, and NJ and electricity is routinely shared between grids to balance load and reduce costs.  Despite 
these complexities, the concept of natural gas as the balancing energy source remains valid today. 
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x Per US EPA Tailpipe Emissions Calculator:  https://www.fueleconomy.gov/feg/Find.do?action=bt2
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xi The graph created for the figure uses estimates from the Tompkins County Energy Roadmap, a document created 
in March 2016 on behalf of the Tompkins County Planning Department by a broad-based team of academics and 
regional energy and sustainability experts. 
xii NYSO Climate Change Impact Study, Phase J, December 2019.  NYISO tables predicted a future statewide winter 
peak electrical energy demand of over 73,000 MWe, nearly three times the 2020 winter peak of 25,203 MWe, 
assuming significant electrification occurs in parallel with significant energy conservation. 
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xiii https://windexchange.energy.gov/states/ny#capacity
xiv The NYISO public dashboard page provide free access to data on energy production for user-selectable periods.  
https://www.nyiso.com/real-time-dashboard  This data was taken directly from that source.

2052



xv Throughout this paper when discussing energy we use the subscript “t” to designate “thermal” and the subscript 
“e” to represent electrical energy.  
xvi https://www.energystar.gov/
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xvii https://sustainablecampus.cornell.edu/campus-initiatives/buildings-energy/solar-energy
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xviii Current Statewide plans mandate a 100% renewable energy grid and complete elimination of natural gas for 
electrical production.  There is also at least one current (April 2022) bill supported by environmental proponents 
and some State Legislators to prohibit natural gas electrical production and any future gas pipeline construction in 
the State.
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xix https://www.toronto.ca/community-people/get-involved/public-consultations/infrastructure-projects/deep-
lake-water-cooling-expansion-study/
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xx Alas, Cornell has no wind farms of its own, despite several efforts.  Community opposition has been a problem 
for the sites most suitable for production locally.
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xxi This calculation assumes entering (chilled) water at 39oF and 62oF return water (the tank is filled with 62oF 
return water after use until the next “charge”).  Thermal storage capacity is proportional to this temperature 
difference. 
xxii This value is simply the thermal capacity divided by the COP of the system that charges it.  This value assumes 
the chiller system or heat pump used to charge the tank operates with a COP of 4.5.  A less efficient cooling system 
results in the displacement of more electric power; a more efficient system means less electricity is displaced. 
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xxiii As before, this value is simply the thermal capacity divided by the COP of the system that charges it. A COP of 3 
is generous for a heat pump system extracting heat from cold winter air to deliver water ~180oF, which is Cornell’s 
requirement; lower COPs mean even higher electrical usage and thus higher storage equivalents.  For a very 
efficient system like Earth Source Heat with an effective overall COP of 8, the grid “benefit” is lower, about 82 
MWh in equivalent battery storage, worth about $40M. 
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xxiv This system essentially creates a thermal battery to provide an entire winter season of storage.  Cornell and 
NREL are preparing technical papers on this topic as this research is more fully developed.
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xxv NYISO is investing almost $2B to upgrade lines for the near term: https://www.nyiso.com/-/the-road-to-2040-
our-role-expanding-transmission-to-meet-the-needs-of-a-clean-energy-grid.  Sophisticated long-term studies are 
underway to understand the range of full investment needed (which depends on technology choices). 
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https://www.nyiso.com/documents/20142/2226333/2021-Gold-Book-Final-Public.pdf/b08606d7-db88-
c04b-b260-ab35c300ed64

2070



2071


