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Introduction 

On July 18, 2019 New York Governor Andrew Cuomo signed the Climate Leadership and Community 

Protection Act (CLCPA).  It includes a goal for “the state of New York to reduce greenhouse gas emissions 

from all anthropogenic sources 100% over 1990 levels by the year 2050, with an incremental target of at 

least a 50 percent reduction in climate pollution by the year 2030”.  In order to reach that ambitious 

CO2 reduction goal all sources of CO2 emissions have to be reduced.  One energy sector with relatively 

large emissions is residential home heating and the clean energy preferred alternative for home heating 

is electric heat pumps. This appendix describes a resource adequacy issue related to air source heat 

pumps illustrated by an example case study of heat pump energy supplied by solar and wind. 

 

Background 

How Stuff Works explains that “heat pumps use a small amount of energy to move heat from one 

location to another”.  Air conditioners cool our homes by removing heat from the air inside and moving 

outside.  An air-source heat pump acts like an air conditioner in the summer and in the winter works in 

reverse moving heat from the outside air into the home to warm it.  Obviously this kind of heat pump 

eliminates the need to have two separate systems and advocates tout its energy savings too.  According 

to the Department of Energy (DOE): 

An air-source heat pump can provide efficient heating and cooling for your home. When 

properly installed, an air-source heat pump can deliver one-and-a-half to three times more heat 

energy to a home than the electrical energy it consumes. This is possible because a heat pump 

moves heat rather than converting it from a fuel like combustion heating systems do. 

 

Air-source heat pumps have been used for many years in nearly all parts of the United States, 

but until recently they have not been used in areas that experienced extended periods of 

subfreezing temperatures. However, in recent years, air-source heat pump technology has 

advanced so that it now offers a legitimate space heating alternative in colder regions. 

 

For example, when entire units are replaced in the Northeast and Mid-Atlantic regions, the 

Northeast Energy Efficiency Partnerships (NEEP) found that the annual savings when using an 

air-source heat pump are around 3,000 kWh (or $459) when compared to electric resistance 

heaters, and 6,200 kWh (or $948) when compared to oil systems. When displacing oil (i.e., the 

oil system remains, but operates less frequently), the average annual savings are near 3,000 

kWh (or about $300). 

 

Reading this statement gives the impression that this technology is a “no regrets” solution for replacing 

oil heating CO2 emissions because it saves money for home heating.  However, there is a critical caveat 

for New York State.  Air-source heat pumps only work when they move heat and when it is really cold 

(below zero degrees Fahrenheit) there is literally no heat in the air to move.   

https://www.governor.ny.gov/news/governor-cuomo-executes-nations-largest-offshore-wind-agreement-and-signs-historic-climate
https://www.governor.ny.gov/news/governor-cuomo-executes-nations-largest-offshore-wind-agreement-and-signs-historic-climate
https://home.howstuffworks.com/home-improvement/heating-and-cooling/heat-pump.htm
https://energy.gov/energysaver/heat-pump-systems/air-source-heat-pumps


 

The American Council for an Energy-Efficient Economy published a paper that illustrates this issue with 

air source heat pumps:  Field Assessment of Cold Climate Air Source Heat Pumps (ccASHP) 

(https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf).  The report describes a Center for 

Energy and Environment field study in Minnesota where cold climate air source heat pumps were 

directly compared to propane and heating oil furnaces.  The report notes that “During periods of very 

cold temperatures when ccASHPs do not have adequate capacity to meet heating load, a furnace or 

electric resistant heat can be used as backup.”  Figure 2 from that document graphically shows the 

problem.  In this field study homes were instrumented to measure the heat pump and furnace backup 

usage.  Backup furnace usage was relatively low and the heat pump provided most of the heat until 

about 20 deg. F.  For anything lower, heat pump use went down and the furnace backup went up.  

Below zero the air source heat pumps did not provide heat and furnace backup provided all the heat. 

 

  

https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf


The American Council for an Energy-Efficient Economy “Field Assessment of Cold Climate Air 

Source Heat Pumps (ccASHP)” 

(https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf).   

 

Figure 2: Example of the energy use versus outdoor air temperature method from ASHP Site 2 

 

 
 

Example Analysis 

This example looks at what might happen to peak electrical loads if electric resistant heat is the 

preferred backup system for electric air source heat pumps.  The analyses that I have reviewed point out 

that converting a natural gas system to an electric heat pump system increases operating costs because 

natural gas is so low.  Propane or fuel oil conversions save money so would be the first to convert 

because of the higher costs of propane and fuel oil.  However, I am not sure that homeowners who 

convert would want to maintain an oil or propane furnace simply because of the storage system 

requirement.  Consequently, I believe radiant electric heat will be the preferred option to back up air 

source heat pump conversions.   Also note that the CLCPA goals may discourage the use of oil and 

propane backup systems. 

 

In this example I evaluated energy usage for one week before and one week after the 2017-2018 peak 

winter day (January 5, 2018) using meteorological data near Caledonia, NY and electric load data for 

https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf
https://www.nyiso.com/load-data


New York State are available from the New York State Independent System Operator.  The 

meteorological data are available from the NYS Mesonet meteorological system. The NYS mesonet is a 

network of 126 weather observing sites across New York State.  The official website of the Mesonet 

includes a tab for live data that brings up station information for the 125 operating individual sites that 

shows that available data include wind direction and speed, temperature at two levels, relative 

humidity, precipitation, pressure, solar radiation, snow depth, and camera images. I obtained hourly and 

5-minute archived meteorological data for two sites near Caledonia, NY where a 180 MW solar farm has 

been proposed. 

 

The Winter 2017-2018 load peak occurred during an intense cold snap.  From December 29 to January 8 

the temperature did not get above freezing and there were four days with below freezing temperatures 

as shown in Table 1.  Note that the highest load did not occur on the coldest day.  This was because the 

coldest day was a Saturday when business loads are lower.  Also note that the New Year’s holiday 

occurred during this period which also reduced the load.  The Figure 1 shows how hourly load varies 

with temperature over the 15 day peak period.  This figure plots hourly data from 29 December 2017 

through 12 January 2018 near Rochester, NY.  Load in the Genesee New York Control Area (NYCA) is 

from NYISO. Temperature and wind speed are averages of the NYS Mesonet stations in Rush and York. 

 

The peak load for the Genesee NYCA was on Tuesday January 2.  The peak load for the state was on 

Friday January 5.  Note that there were colder temperatures on New Year’s Eve and New Year’s day on 

the weekend of January 6 and 7.  It is very likely that loads would have been even higher if those 

temperatures had occurred during the week.  Note solar and wind output use the different scale on the 

right.  As described below, solar output is an estimate of the solar power from the proposed 180 MW 

Horseshoe Solar Facility and a hypothetical 100 MW wind farm.

 

 

http://www.nysmesonet.org/
http://www.nysmesonet.org/
http://www.nysmesonet.org/mesonow#?stid=VOOR


Table 1: Winter 2017-2018 Peak NYISO Genesee NYCA Load and New York State Total Load (MWh) 

  Hourly Temperature (deg. F) Hourly Genesee NYCA Load Hourly New York State Total Load 

Date Average Minimum Maximum Total Mean Maximum Minimum Total Mean Maximum Minimum 

12/29/2017 9.0 2.3 14.9 31,898 1,329 1,507 1,112 501,609 20,900 23,579 17,754 

12/30/2017 14.2 11.1 17.7 30,065 1,253 1,456 1,066 480,326 20,014 22,582 17,325 

12/31/2017 3.6 -2.1 10.3 30,281 1,262 1,501 1,059 484,677 20,195 23,553 17,145 

1/1/2018 6.2 -3.8 14.7 29,821 1,243 1,495 1,073 489,204 20,383 23,435 18,018 

1/2/2018 14.7 10.5 18.4 31,650 1,319 1,545 1,058 511,796 21,325 24,471 17,608 

1/3/2018 16.7 9.0 24.9 31,006 1,292 1,444 1,099 499,471 20,811 23,531 17,572 

1/4/2018 15.7 5.5 22.0 30,617 1,276 1,479 1,009 499,877 20,828 23,857 16,870 

1/5/2018 1.7 -0.6 4.0 32,227 1,343 1,533 1,112 525,841 21,910 25,081 17,951 

1/6/2018 0.8 -1.7 2.6 30,662 1,278 1,469 1,111 516,444 21,518 24,303 18,801 

1/7/2018 9.6 -3.7 28.6 29,131 1,214 1,423 1,067 501,833 20,910 23,757 18,673 

1/8/2018 34.6 29.5 37.8 30,251 1,260 1,475 984 497,422 20,726 23,468 17,348 

1/9/2018 32.1 29.2 36.1 30,544 1,273 1,472 1,018 468,350 19,515 22,205 16,195 

1/10/2018 33.4 19.6 45.2 29,467 1,228 1,400 1,020 459,613 19,151 21,851 16,054 

1/11/2018 51.3 43.0 58.8 28,013 1,167 1,316 963 437,296 18,221 20,697 15,036 

1/12/2018 45.7 21.6 58.5 27,697 1,154 1,334 901 423,455 17,644 20,112 14,102 
 

 

  



Figure 1: Caledonia, NY Hourly Genesee NYCA Load, Ambient Temperature and Wind Speed 29 December 2017 through 12 January 2018 

 



 

 

In order to estimate how much renewable energy would be available during these conditions I 

converted solar insolation and wind speed into power generated in MW using example utility-scale 

facilities.  For solar power I used the 180 MW Horseshoe Solar Farm estimated output because it is near 

the NYS mesonet stations.  In order to calculate solar energy output I assumed that the 180 MW of solar 

cells produced 180 MW when the solar irradiation equals 800 watts per square meter (the PVUSA test 

condition) and I did not account for any other factors such as the cell temperature or any losses.  So my 

naïve formula for solar output was simply the observed input solar irradiation times 180 divided by 800.  

Note that this means solar output is greater than 180 MW whenever solar irradiation is greater than 

800. 

 

There aren’t any wind farms nearby.  So I estimated power output for a hypothetical 100 MW wind 

farm.  I found a reference that stated “Wind turbines start operating at wind speeds of 4 to 5 metres per 

second and reach maximum power output at around 15 metres/second”.  I assumed that below 9 mi/hr 

wind output was zero and that power output was proportional to the wind speed difference between 9 

mi/hr and 33 mi/hr consistent with that reference.  The NYS mesonet measures wind at 10m and I 

assumed that the wind farm hub height was 90m.  I modified observe wind speed using the wind profile 

power law with a coefficient of 1/7 to account for the relationship between wind speed and height.   

 

I used Field Assessment of Cold Climate Air Source Heat Pumps Figure 2 to estimate the amount of 

power needed when an individual home convert to an air source heat pump and uses radiant electric 

heat when the heat pump becomes ineffective (assumed to be 15 deg F).  I crudely digitized the lines in 

Figure 2 and calculated the best fit lines for ASHP Consumption and Furnace Backup Consumption.  I 

converted the energy use to electrical energy by converting Btu to watts by dividing the Btu energy use 

by 3.41.  Table 2 illustrates my concern that residential home heating conversion to air source heat 

pumps has the unintended consequence that when it gets below 15 deg F and consumers really need to 

heat their homes, that the rate of energy use increases over six times per five degree drop in 

temperature.  

 

  

http://www.ewea.org/wind-energy-basics/faq/
https://en.wikipedia.org/wiki/Wind_profile_power_law
https://en.wikipedia.org/wiki/Wind_profile_power_law
https://homeguides.sfgate.com/figure-btus-electric-heater-73701.html


Figure 2: The American Council for an Energy-Efficient Economy “Field Assessment of Cold Climate Air 
Source Heat Pumps (ccASHP)” (https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf).   
Figure 2: Example of the energy use versus outdoor air temperature method from ASHP Site 2 

 
Key Points 
The inflection points in the ASHP consumption and Furnace backup consumption data at 20 deg. F 
indicate that air source heat pumps are much less efficient below that point.  Also note that below 0 
deg. F that air source heat pumps do not provide any heat.   
 
Projected Air Source Heat Pump (ASHP) Energy Use 
I assumed that the ASHP would use energy per the yellow best fit line above 15 deg F (between the red 
arrows) and the backup furnace would use the purple best fit line below 15 deg F (between the black 
arrows) 
 
ASHP Energy Use (kBtu/dy) = -4.8 * Ambient Temperature + 290 
 
Furnace Backup Energy Use (kBtu/dy) = -30 * Ambient Temperature + 670 
 
 
Caveat: I crudely digitized the lines on this graph and used these data to do a first-cut approximation to 
see if there could be a peak load problem.  These data are from a single test site and may not represent 
average conditions well. 

https://aceee.org/files/proceedings/2016/data/papers/1_700.pdf


Table 2: Energy Use for Residential Home Heating Electrification 

Temperature Energy Use (kBtu/day) Electrical Use (kW/day) 

(Deg F) ASHP Backup Total ASHP Backup Total 

40 98 0 98 29 0 29 

35 122 0 122 36 0 36 

30 146 0 146 43 0 43 

25 170 0 170 50 0 50 

20 194 0 194 57 0 57 

15 218 0 218 64 0 64 

10 0 370 370 0 109 109 

5 0 520 520 0 152 152 

0 0 670 670 0 196 196 

-5 0 820 820 0 240 240 

-10 0 970 970 0 284 284 

-15 0 1,120 1,120 0 328 328 

 

Case Study 

The purpose of this example analysis is to illustrate a potential problem if the 100% renewable solar and 

wind target is coupled with widespread implementation of residential home heating with air source heat 

pumps.  Table 3 lists the number of occupied housing units for two counties near Caledonia, NY.  The 

Field Assessment of Cold Climate Air Source Heat Pumps report states that liquefied propane (LP gas) 

and fuel oil or kerosene space heating are the most likely sectors to convert to heat pumps because of 

fuel cost savings.  There are 18,244 housing units that burn those two fuel in the two local counties.  

 

Figure 3 shows the relationship between home heat electrical load and meteorological conditions 

affecting renewable wind and solar power.  Colder days in Upstate New York often occur on clear, 

windless nights.  When the sun rises the temperature increases quickly.  Although cloudless skies 

maximize solar power the sun is low in the sky and the days are short so the power output is low.  Of 

course the cold weather increases the need for home heating energy.  In this example, there is a high 

pressure system with light winds and clear skies so wind power is negligible and solar power is about as 

good as it will get for the winter.  Electrical load is based on conversion of 15% of homes (2,737 occupied 

housing units) currently using liquefied propane, fuel oil or kerosene for space heating in Livingston and 

Monroe counties are converted to air source heat pumps with backup radiant electric heat.   

 

Figure 4 attempts to estimate energy storage requirements.  Clearly the only way that solar and wind 

can be expected to cover winter peak loads is by incorporating energy storage.  During this windless 

case study energy storage needs to discharge to cover the residential home heating power requirement 

as shown in blue.  During the day solar power recharges the energy storage as shown in red.  In this case 

study the maximum storage needed was 372 MW-hr ending on hour 82.  Of course this analysis just 

looked at a short period so the presumption is that the 180 MW solar and 100 MW wind facilities 

produced enough power to charge the batteries for this period. 



Table 3: NYS Occupied Housing Units by Type of Space Heating Fuel by County, 5-Year Estimates 2012-2016 (Patterns and Trends - New York State Energy 

Profiles: 2002-2016, Appendix D-1) 

 

Geography 
Total 

Occupied 
Housing Units 

Natural 
Gas 

Bottled Tank or LP Gas Electricity 
Fuel oil or 
Kerosene 

Coal or 
Coke 

Wood 
Solar 

Energy 
Other 

No Fuel 
Used 

Livingston County 24,217 11,498 3,829 3,517 2,684 303 1,881 11 456 38 

Monroe County 300,289 239,261 4,849 43,500 6,882 194 2,050 69 2,078 1,406 

Sum  324,506 250,759 8,678 47,017 9,566 497 3,931 80 2,534 1,444 

 

Figure 3: Residential Home Heating Air Source Heat Pump Conversion and Renewable Power 30 Dec. 2017 0000 to 1 January 2018 2300 

 
Figure 4: Cumulative Renewable Charging and Discharging Margins Hourly Data 30 December 2017 0000 to 1 January 2018 2300   

https://www.nyserda.ny.gov/-/media/Files/Publications/Energy-Analysis/2002-2016-Patterns-and-Trends.pdf
https://www.nyserda.ny.gov/-/media/Files/Publications/Energy-Analysis/2002-2016-Patterns-and-Trends.pdf


 



 

Conclusion 

This case study illustrates my concern that wide-spread implementation of air source heat pumps 

coupled with increased use of renewables will be difficult and that the resource adequacy proceeding 

needs to look at this.  In this analysis the meteorological conditions on New Year’s Eve 2018 show that 

the proposed Horseshoe solar facility with a nameplate capacity of 180 MW and a wind farm with a 

nameplate capacity of 100 MW would have been just able to cover the conversion of 2,737 homes to air 

source heat pumps.  Moreover, energy storage capable of at least 372 MWh has to be available 

somewhere.  There already are 47,000 homes using electricity and another 15,000 homes that are 

supposed to be cost-effective candidates for conversion just in two local counties.  Most importantly, 

this is just one component of residential electricity load and that is one component of total load.   

 

Also note that if I estimate the energy storage facility requirements to cover the 372 MWh using the 

same methodology as my Initial Estimate of Energy Storage Required for CLCPA Solar and Wind 

Resources White Paper I estimate that four systems would be required: 11 MW, 8 hour; 11 MW 9 hour; 

10 MW, 9 hour; and 13 MW 8 hour.  Using the cost estimates from the National Renewable Energy Lab 

(NREL): “2018 U.S. Utility-Scale Photovoltaics-Plus-Energy Storage System Cost Benchmark” these four 

systems would cost a total of $128 million. 

 

Even though this is a crude “back of the envelope” analysis, the sobering results suggest that the State 

needs to do a complete winter peak analysis correctly to determine the feasibility of the CLCPA plan to 

eliminate fossil fueled power plants and require the conversion of residential home heating.  According 

to Patterns and Trends - New York State Energy Profiles: 2002-2016 there are over four million homes 

currently using utility gas, another million homes currently using fuel oil or kerosene, 500,000 homes 

using electricity and another 200,000 using propane in New York State.    

 

Based on my analysis I think that even moderate air source heat pump deployment for the residential 

home heating sector in New York coupled with the simultaneous goal to eliminate greenhouse gas 

emissions using extensive deployment of wind and solar power will be extremely difficult if not fatally 

flawed.   Therefore it is incumbent on the State to include a winter peak load analysis that combines the 

solar and wind resource evaluation using real-world data and a refined analysis of the residential home 

heating load once CLCPA electrification goals are implemented.  Failure to do this analysis and provide 

adequate resources could literally mean electric customers freezing to death in the dark. 

 

 

https://www.nrel.gov/docs/fy19osti/71714.pdf
https://www.nyserda.ny.gov/-/media/Files/Publications/Energy-Analysis/2002-2016-Patterns-and-Trends.pdf

