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Significant different winter peak performance between 
technologies (Brattle Report Rhode Island)
COP ASHP = 1.3, GSHP (Geo) =3.6

Heating Sector Transformation in Rhode Island: Pathways to Decarbonization by 2050

Prepared by The Brattle Group 2



Current Peak Electrical Demand 
on Peak Winter Day in NYS
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New Efficiency: New York
Analysis of Residential Heat Pump 
Potential and Economics
Final Report | Report Number 18-44 | January 2019



New Efficiency: New York
Analysis of Residential Heat Pump Potential and Economics
Update May 2019

Statewide weighted average EFLH =  1,321

BTU to Watt conversion factor  = 3.412

Heating load = 557 TerraBTU

Peak Load =  557,000 Giga BTU/(3.412 x 1,321) 

= 123.58 Giga Watt

• Without the hot water load

• Without Process heat

• Without EV charging





The giant elephant in the room…..
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Ground Thermal battery reacting to 
input/output by changing Delta T
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Conventional high rise design
70 F – 110F building loop



Geothermal Approach
30F-90F extended range heat pumps



Addition of loop field





Tesla electric grid battery
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• Mixed use, net-zero energy 

building

• 46 residential units

• 5 affordable housing units

• 6 Retail space: 8,000 sqft

• 100% privately financed

S
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Summer versus Winter Ground loop
Heat Rejection versus Heat Extraction 
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Winter

Summer



Peak Hour Energy Use 

16

90% of the entire energy 

load of the building was 

DHW and heating 

(Thermal Load)



Peak Hour Energy Use in KW 
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Total Energy Demand versus Total Grid Demand
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Took NYSERDA along to monitor and verify
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Multifamily Passive House: Connecting 
Performance to Financing

• Pre-2003: 1,633 NYC properties

• Poest-2003: 315 NYC properties

• A gas-heated group that includes two 
very early projects with gas hydronic 
heating and window unit air conditioners 
with custom covers (C-1 and C-2). 
Neither project is certified.

• An electric-heated group that includes 
• two certified projects (C-5 and C-6), 
• a project pursuing certification (C-4) 
• “Passive House like" building that 

implemented Passive House design 
principles but did not certify (C-3). 

• All projects across the two Passive House 
sub-groups use gas to heat domestic hot 
water. 23



Lockport Housing Authority
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Lockport Housing Authority
Total Site KWh Usage



Lockport Housing Authority
Demand Reduction



ZeroEmission- PIERCEARROWBUILDINGBUFFALONY



Geothermal DHWSystem
High Temperature Heat Pumps(front, +140degree F)with Storage Tanks(background) Pierce

Arrow Building, Buffalo NY



Passive House Target
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On an average single family home, the loop 
field stores
• 75% of the thermal energy for a home

• 98 Million BTU  annually

• 28 MWH of thermal energy storage

• For a 6 month period (winter)

• Recharged by solar in the summer

• The upfront cost of geothermal systems is more expensive to install 
than ASHP, but the value of the energy storage to the grid more than 
compensates from a system perspective.
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The ultimate thermal energy battery

• 1) The geothermal loop field stores all the thermal energy of the 
building for the whole year, enough to provide all the heating energy 
for the whole heating season.

• 2) It does not need to be connected to other buildings (no district), it 
stores all the energy it needs (DER). 

• 3) It stabilizes below 30F, since 
• It is making ice around the boreholes, which releases a large amount of heat 

due to the phase change. 

• It is a phase change storage technology.

• 4) It reacts instantaneously to energy input and output.
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Current Plans for battery storage in NYS

• New York will deploy 3,000 MW of energy storage by 2025 and 3,000 
MW (6 GW) by 2030 

• https://www.nyserda.ny.gov/All-Programs/energy-storage

• With a 100 GW peak load after electrifying buildings, this will last….

•4 minutes !
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Additional benefits of geothermal geo storage

• No recharge needed for 6 months
• Electricity generators to recharge are avoided

• Solar capacity is very limited in the winter months
• Peak to occur in the early morning hours

• Wind is intermittent
• 74 instances in 2020 when NYCA wind fleet output remained  below 100 MW for more 

than 8 consecutive hours (NYISO Power Trends 2021)

• Recharged automatically in the summer time

• Capacity does not degrade (in contrast to electric storage)
• 200+ year life expectancy



Thermal energy storage

• would eliminate the gas distribution system

• have minimal impact on the capacity of the electric grid

• increase the load factor significantly

• reduce the cost of electricity to all ratepayer

• Significant value as energy storage avoiding grid capacity (cost)!



ZeroPlace Loop Field Thermal Energy Delivery
Monetary Value

@ $567/ kWh*

Monthly Thermal Energy 
(Jan 11 to Feb 10) 31.38 MWh $                 17,792,460 

Peak Day (Feb 4) 1,706.81 kWh $                       967,762 

Peak Hour 90.86 kWh $                         51,518 

Peak Interval (5-min) 106.98 KW

*”Among projects awarded NYSERDA incentives, average total installed costs for non-residential, retail projects 

Averaged $567/kWh for installations occurring in 2022 and 2023”

Case 18-E-0130 – In the Matter of Energy Storage Deployment Program.

New York’s 6 GW Energy Storage Roadmap Policy Options for Continued Growth in Energy Storage.pdf



Peak heat extraction of 10 residential systems
in Buffalo NY
9.22 kW average



Average Residential Borehole Thermal Energy 
Extraction (n=10), Year 2020
Monetary Value

@ $567/ kWh*
Peak Hour 9.22 kWh $                         5,228 

Peak Day (Feb 14) 173    kWh $                      98,203 

Monthly Thermal Energy 3.18 MWh $                1,803,060 

Annual 13.05 MWh $                 7,399,350

*”Among projects awarded NYSERDA incentives, average total installed costs for non-residential, retail projects averaged

 $567/kWh for installations occurring in 2022 and 2023”

Case 18-E-0130 – In the Matter of Energy Storage Deployment Program.

New York’s 6 GW Energy Storage Roadmap Policy Options for Continued Growth in Energy Storage.pdf





Geo is

• Cheaper to install (after incentives)

• Cheaper to operate and maintain 

Compared to a conventional gas and A/C system

• If done right



NYCHAJacksonHouses
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Recent 
Extreme 
Energy 
Events are 
Cold 
Weather 
Related: 

Event What Happened Why Consequences

The Blackout of 
1965

Dropped 20 GW of load, 20 
million lost power for 13 
hours

Human Error set  protective relay 
too low, led to cascading blackout

North American Electric 
Reliability Council Formed

NYC Blackout of 
1977

All of New York City lost 
power for up to 26 hours

Lightning Strike, faulty 
transmission

Mass looting, New Mayor

Midwest Price Spike 
1998

Prices went to $7,500 for 
June 25, 1998

Hot weather combined with 
planned maintenance and major 
Nuclear trip (Davis-Besse)

FERC Investigation, price caps 
instituted in Eastern Regions

California Energy 
Crisis 2000-2001

Rolling Blackouts Poor market structure, failure to 
develop enough supply to meet 
growing demand

Direct Access suspended – never 
to return; $10billion in 
overpayment inflicted on 
ratepayers

Texas February 2011 Rolling Blackouts 2-8 hours Fossil fuel plants weren’t 
winterized

ERCoT report suggested 
Winterization

Northeast Polar 
Vortex January 2014

PJM hit a Record Winter Peak Gas plants that pledged capacity 
did not have firm supply

Winter Reliability Program 
instituted by PJM, ISO-NE

New England Winter 
2018

High Loads in ISO-NE caused 
dispatch of many oil-fired 
units

Extended Cold Snap and very high 
gas prices forced oil 

Affirmation of Winter Reliabilty 
Program



• 150+ Deaths

• $50,000,000,000 in electricity costs paid by customers for 

electricity for one 4-day period…

• Total financial impact of $150,000,000,000

• Hurricane Katrina - $161,000,000,000

Texas Power Grid Crisis Consequences



Texas Power 
Crisis 

What 
happened? 

• Unprecedented Cold Weather for Texas – 140 consecutive 
hours below freezing at DFW

• The Extreme Winter Peak Forecast was 67,206 MW per 
November Seasonal Assessment of Resource Adequacy 
(SARA)

• The Projected Peak Demand was more than 74,000 MW

• 35,000 MW out of 107,000 MW was already off-line ➔only 
72,000 MW was available 

• A new Winter Peak was hit at on Sunday, February 14 at 
69,222 MW

• On February 15 at 01:23 the frequency started to droop 
below 59.9 Hz

• Over the next 30 minutes the frequency went as low as 
59.302 Hz and over 10,500 MW of load were shed as 5,500 
MW of generation tripped off-line  

• At the worst point over 48% of ERCOT’s peak generation 
capacity was out





ERCOT is not Las Vegas, 

What Happens there has 

Huge Implications: 

“Texas Freeze Triggers Global 

Plastics Shortage” – WSJ 

3.17.2021





A look at the 

Winter and 

Summer Peaks 

in NYISO

* Data from NYISO for August 27-30, 

2018 and January 5-8, 2014  -
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NYISO Summer And Winter Peaks

Polar Vortex Summer 2018



The High 
Electrification 
Scenario Shifts 
Constraints to 

January/February

This becomes a winter 
conversation.



Methodology 
to Develop 
Peak Loads 

Under 
Electrification

Scenarios

1. Identify peak winter electricity usage in ISO under 
consideration. 

2. Develop relevant design day natural gas and heating oil 
space heating usage for each region. 

3. Convert the natural gas and heating oil space heating 
design day send out to kWh under projected Coefficients 
of Production (COP) for heat pumps. 

4. Project new peaks for each region based on respective 
levels of air source heat pump incremental saturation.



Assuming a 

Conversion rate 

of 20% of 

Natural Gas and 

80% of Oil We 

get a New NYISO 

Peak of 39,000 

MW at COP = 1.5
* Data from NYISO for August 27-30, 

2018 and January 5-8, 2014  -

 5,000

 10,000

 15,000

 20,000

 25,000

 30,000

 35,000

 40,000

 45,000

0:00 8:00 16:00 0:00 8:00 16:00 0:00 8:00 16:00 0:00 8:00 16:00

NYISO Summer And Winter Peaks

Polar Vortex Summer 2018 New Winter Peak



Under the same 

conditions with 

a Higher COP of 

3.5 we have a 

NYISO Peak 

similar to the 

current Summer 

Peak
* Data from NYISO for Augaust 27-30, 

2018 and January 5-8, 2014  -
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NYISO Summer And Winter Peaks

Polar Vortex Summer 2018 New Winter Peak New Winter Peak with Better COP



The Difference 

in Peak Increase 

at Differing 

COPs

 -
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Addition to NYISO Peak at Various Levels of NG Heating Electrification at COP 
= 1.5 and COP = 3.5



. . . And we need to store heat, too.



New York as an 
Example of how 
important higher 
COPs are as we 

Electrify 
Everything



The Value of 
Thermal Energy to 
the Electric Grid; 
rough estimate = 

$5 BILLION over 15 
years



ISONE 2005 & 2006 Hourly MW Load Duration Curve

AC

40% of $



• All that matters is the peak demand at the design condition. 
What is the maximum load draw in that instant?

• We all pay to size a power distribution, transmission, and 
generation system that operates <1% of the time.

• We can and must do better. 

Beat the Peak with Resource Efficient 

Decarbonization (RED):



A Heuristic for Decarbonizing Buildings
Resource Efficient Decarbonization (RED): an incremental methodology and integrated design 
process combined with strategic capital planning creates a path to efficient carbon neutral buildings.



Resource Efficient Decarbonization (RED) includes a 

whole-system, thermal energy recovery, storage and network(ing) approach to 
decarbonizing cold-climate buildings.

Window 
Inserts

Triple-pane
thermally-broken

glazing during
refresh/repositioning

Penetration 
Sealing

Over-cladding
e.g. EIFS, panelized,
for LL11 compliance

DOAS with heat recovery
(cross-flow, runaround, wheel)

Phase-change
distributed storage

Floor-level
thermal network

Modular heat generation

Supply/exhaust
recovery

Smart,
networked
distributed
heat generation
+
demand response

Modular DHW plant
with storage

Building / city main
wastewater heat recovery

Advanced
geothermal

Opportunistic network heat sources
e.g. transit tunnels, steam condensate

Heat
recovery

chiller

Thermal storage
(water, ice, brine, other PCM)

Networking & heat pump 
compatible distribution:
low-temp hydronic, 
hybrid VRF, WSHPs, etc.

Thermal 
network
spine

Central ASHP plant to top off heat 
imbalances on thermal network

Consider perimeter 
and auxiliary heat 
separately based on 
monitored performance

Transition roadmap
for tenant space 
distribution system 
turnover

Sorbent
air cleaning

Water-to-water
heat pump on
ambient loop

Advanced 
district 

geothermal

Thermal 
network
nodes

Replace

Reduce & Reconfigure

Recover & Store

Hybrid VRF loops

Opportunistic
heat recovery:
refrigeration

Grid-interactive,
unitary storage

heat pump water heaters

Distributed
HRV/ERV



This is our current form of Thermal Storage:



• More awareness of the value to the electric grid Geothermal, 

Thermal Networks, and thermal storage represent. 

• Geothermal and Thermal Energy Networks are NOT just NPAs.

• Continue to Quantify Benefits and research impacts via Regulator 

Proceedings.

• Advocate for allowing thermal energy resources to act as 

capacity resources at State Commissions, ISOs and at FERC.

• Urge the building industry to embrace Resource Efficient 

Decarbonization approaches versus BAU.

We Need:
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