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Analysis Overview
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� NYSERDA engaged E3 to develop a strategic analysis of New York’s decarbonization 
opportunities. This analytic work, initiated prior to the passage of the CLCPA, 
modeled existing policies and explored additional actions needed to reach the 
State’s 2030 and 2050 targets and provided a starting point to inform the work of the 
Climate Action Council

� E3 reviewed the literature on deep decarbonization and highly renewable energy 
systems and gained additional insights from discussions with leading subject matter 
experts

� Further work is underway to fully incorporate GHG accounting requirements of the 
CLCPA and re-calibrate to DEC’s rulemaking establishing the statewide GHG 
emission limits



Pillars of Carbon Neutrality
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Negative Emissions Electrification and 
Low Carbon Fuels

Energy Efficiency 
and Conservation

Decarbonizing 
Electricity Supply

[site energy consumed per 
person]

[% site energy consumed as 
electricity, biofuels, 

hydrogen, synthetic fuels]

[% electricity supplied by 
wind, solar, hydro, nuclear, 
CCS, biofuels, hydrogen]

[total emission reductions 
from net land use sink, 

BECCS, DAC]

Unit: MMBTU/capita Unit: % site energy consumed Unit: % electricity supplied Unit: MMT CO2e



Pillars of Deep Decarbonization in 
Buildings
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Electrification and Low 
Carbon Fuels

Energy Efficiency and 
Conservation

Decarbonizing Electricity 
Supply

- Device Efficiency
- Federal and state 

appliance codes 
and standards

- Appliance 
efficiency 
improvements 
(EnergySTAR+)

- Reductions in energy 
service demand

- Efficient building 
shell and 
weatherization 
measures

- Behavioral 
conservation and 
smart devices 
(e.g. smart 
thermostats)

- Electrification
- Cold climate heat 

pump space 
heaters (e.g. 
ASHPs, GSHPs, 
HPs with fuel 
backup)

- Heat pump water 
heaters

- Other low-carbon fuels
- Renewable 

natural gas
- Renewable diesel
- Pipeline hydrogen 

(up to blend limit)

- Reducing indirect 
emissions associated 
with electrification

- Flexible building load 
operations to improve 
operations of the grid



Utilities Meet Constantly Changing Loads

� To maintain reliability, the grid balances demand and supply on a 
sub-second level

� Infrastructure is sized to peak load, even if it only occurs a handful of 
hours every year
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Building Electrification Will Change Peak 
Loads
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Improved 
electrification curve

“Unmitigated” 
electrification

� Building electrification has the potential to add significant peak loads in 
time periods the grid has not historically seen  (e.g., winter morning 
heating loads instead of summer afternoon air conditioning loads)

• This could increase electricity rates and make decarbonization of the grid more 
difficult

Many strategies 
can mitigate 
electrification’s 
impact on the 
grid, including 
energy 
efficiency; 
ground source 
heat pumps; 
building shell 
upgrades; dual 
fuel systems



Timing for Action is Limited

� Due to stock inertia, it also critical that electrification efforts begin now in order to 
achieve the pace and scale of fleet turnover needed by 2050

2020 2050

4 replacements

3 replacements

2 replacements

2 replacements

1 replacements

1 replacements

1 replacements

0 replacements

2030
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Key Takeaways
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� Achievement of emissions reductions to meet state law requires action in all sectors

� A 30-year transition demands that action begin now

*Zero-Emissions Electricity (ZEE) includes wind, solar, large hydro, nuclear, CCS, and bioenergy; MDV includes buses

>85% Ren.
100% ZEE*

70% Ren.
85% ZEE*

Increased sales of high efficiency appliances, LEDs
Ramp up sales of heat pump space heaters and water heaters

Ramp up sales of electric light-duty vehicles

50-70% sales of heat pumps
85-100% sales of efficient building shells

60-70% sales of ZEVs in LDVs
1.8-2.2 Million ZEVs on the road

35-50% sales of ZEVs in MDV/HDVs*

60% electrified 
industry

100% sales of 
ZEVs in LDVs

95-100% sales of 
heat pumps

9% reduction 
in LDV VMT 
from BAU

40% renewable diesel in 
transportation, buildings, 
and industry

Biofuels supply:
8-18% of pipeline gas
~100% distillate
0-70% jet fuel

23-33 MMT CO2e 
stored through
NWL

Advanced 
bio-refining 
with CCS 
begins

~95% sales of 
ZEVs in 
MDV/HDVs*

N
et

 G
H

G
 E

m
is

si
o

n
s 

[M
M

T 
C

O
2e

]

By 2030, key technologies like zero-emission 
vehicles and heat pumps will need to become 
normalized, meeting or exceeding half of new 
sales with accelerating adoption through 
midcentury



Timing of Building Electrification
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Residential Space Heating Stock
High Technology Availability Pathway

Residential Space Heating Sales
High Technology Availability Pathway

Residential Space Heating Energy Use
High Technology Availability Pathway



Key Takeaways
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� Building electrification is an important tool to achieve economy-wide 
decarbonization

� Electrification of building heating loads holds the potential to drive 
large new infrastructure investments to serve peak loads, placing 
additional pressure on electric sector decarbonization goals

� A variety of technology options, such as energy efficiency; ground 
source heat pumps; dual fuel systems; can help reduce the 
infrastructure requirements (and hence cost) of building electrification 

� Next steps: In particular, we would appreciate any input on thinking 
through key opportunities and/or challenges for ground source heat 
pumps in New York State



Energy and Environmental Economics, Inc. (E3)
44 Montgomery Street, Suite 1500
San Francisco, CA 94104
Tel 415-391-5100
Web http://www.ethree.com  

Sharad Bharadwaj (sharad@ethree.com) 

Thank You!

mailto:sharad@ethree.com


Opportunities to Decarbonize the 
Buildings Sector
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� Key emitters today: 65% of direct emissions are from space heating  

� Key decarbonization options include energy efficiency, electrification, and fuel 
substitution: 

• Adoption of efficient appliances  (e.g. through appliance standards, direct incentives, etc.)

• Efficient building shell and building weatherization to reduce space heating demands  (for new 
construction and deep home retrofits)

• Electrifying space and water heating  (large-scale adoption of cold-climate heat pumps, ground 
source heat pumps)  

• Blend renewable natural gas or hydrogen (up to ~7% by energy) into pipelines

• Climate-friendly refrigerants

� Key challenges:  
• Back up heating, either with hybrid systems such as natural gas/propane or with electric 

resistance backup, will be needed to complement air source heat pumps at very low 
temperatures

• Flexible space heating (e.g., pre-heating or pre-cooling) can avoid stressing the electricity 
system during peak cold snaps and can help lower costs for electricity generation, transmission, 
and distribution



Buildings
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� Efficiency across all end-uses and building shell 
scales dramatically

� Major shift to end-use electrification, particularly in 
space and water heating

• 50%-70% new heating system sales by 2030 with 
increasing rates of adoption thereafter

• End-use electrification drives trend toward a winter 
peaking system

• Magnitude of winter peak varies by study, but 
investment in ground-source heat pumps or onsite 
combustion backup systems using fossil fuel, 
bioenergy, or synthesized fuel, such as hydrogen, 
may mitigate excessive peak electricity demand

� Flexibility of end-use electric loads helps to maintain 
system-wide reliability

� Shift to low-GWP refrigerants crucial to ensure 
maximum GHG emissions benefits from heat pump 
adoption 

• Further analysis needed to explore full range of 
mitigation options, timing, and potential barriers

� Electricity consumption in buildings is shown here, 
but emissions associated with electricity 
consumption is currently tracked in the electricity 
generation sector

High Technology Availability Pathway

Metric 2030** 2050**

Percent GHG emissions 
reduction*

31%-39% 85%-93%

Percent reduction in final 
energy demand*

26%-31% 55%-59%

* Relative to 2016 NYSERDA GHG 
Inventory; work is underway to 
incorporate GHG accounting 
requirements of CLCPA
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** Range of values includes 
limited non-energy pathway
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• Emissions Progress from 1990 /

Projections to Meet CLCPA Goals

-  By Fuel Type and Service

• Combustion Fuels, Costs

• Residential & Commercial 

Emissions Reductions, Conversions

What is Required to Meet CLCPA Mandates?

Complex Systems Architect Senior Fellow

Jerry Acton
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Combustion Emissions by Fuel Type and Services – CLCPA Compliant

60%

39%

85% 
by 

2047

88%-22%

-8.6%

49%

18%

33%

85% 
by 

2047

88%-13
%

+17
%

-66
%
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2018 Combustion Fuels and Cost Reduction
    $0.91 Trillion Over 32 Years
2 Times Cost of Conversions

Cost Data: https://www.nyserda.ny.gov/Researchers-and-Policymakers/Energy-Prices

    $1.7 Trillion Over 32 Years
4 Times Cost of Conversions

Energy Data: https://flowcharts.llnl.gov/content/assets/images/charts/Energy/Energy_2018_United-States_NY.png
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Residential Emissions Reduction

- CO2 from Natural Gas Housing Units Is 
  .47 MMT (8.7%) Higher Than Heating Oil 
-  Year Round Stoves and Dryers Use
   More Than Offsets 25% Cleaner Burning 
-  GHG Emissions Are + 6.2 MMT (115%) Higher
-  GHG Emissions Higher even with
   60% Cleaner Carbon Capture Enhancement

-  2018 CO2 Higher + 2.8 MMT (+ 8.3%)
-  2018 GHG Higher + 10.7 MMT (+ 20.6%)
-  Fuel Switching Strategy Has Steadily 
   Increased GHG Emissions for 28 Years
-  2030 Target Set at 25.7 MMT (-23.5%) 
   Because -40% is Unachievable 

85% 
by

2041

100%
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Residential Conversions to Emissions Free Heating
    By Achieving 23.5% by 2030 Can Reach 85% by 2042

Maintain 2030 Paces

Exponential Conversions 
to Zero Emission 

Heat Pumps per Year  

23.5%
88%

CLCPA Compliant 
Zero Emissions 
    Heat Pumps 
Housing Units

Maintain 2030 Paces

With Only 10 years Left 
to Eliminate 10.7 MMT,  

    Exponential Reduction
Pace Required
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Commercial Emissions Reduction

85% 
by

2041

100%85% 
by

2037

100%
-  2018 CO2 Lower - 4 MMT (- 14.7%)
-  2018 GHG Higher + 3.4 MMT (+ 9%)
-  Fuel Switching Strategy Has Steadily 
   Increased GHG Emissions for 28 Years
-  2030 CO2 Target Set at 13.7 MMT (-50%) 
   Because Commercial is Ahead 
     of other Sectors

With Only 10 years Left 
to Eliminate 9.5 MMT,  

    Exponential Reduction 
Pace Required to Be 

CLCPA Compliant

- 9.5 
MMT
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Natural 
Gas 

Trend
79%

Beneficial 
Electrification

Strategy
Goes in
RIGHT

Direction

Natural Gas 
Going in 
 WRONG
Direction

Residential Sector Energy Transformation 
1940-2050

Beneficial Electrification Is the Right Solution



Glide Path for Gas
Developing a managed process for the decapitalization and 
decommissioning of gas assets.

Bob Wyman, bob@wyman.us

May 4, 2021

mailto:bob@wyman.us


A “Zero-Sum Game”...

As heat pump installations increase, gas and oil sales must decline.

So, we need to plan for retirement of gas and oil at the same time that we plan 
for the growth of heat pump installations.

We can’t let the gas companies go bankrupt. Too many people rely on them for 
life-sustaining services. The retirement of legacy assets must be managed.

The problem is “cost-recovery.” How do we return to the gas utilities the money 
they invested in assets we won’t need much longer?



Gas Asset
Cost Recovery

Gas utilities recovery capital costs 
from ratepayers over time based on a 
“Depreciation Study” that uses 
historical data to estimate how long 
each asset is likely to last.

Currently, costs are recovered over up 
to 85 years at a rate of 1/85th per year.

Interest on unrecovered costs is 8% to 
9% per year.

Ratepayers’ payments for cost 
recovery are reinvested in the new gas 
assets.



Gas Asset
Cost Recovery

Currently, costs are recovered over up 
to 85 years.

But, sales will decline dramatically 
over the next 30 years due to CLCPA.

Who pays costs once ratepayers are 
gone? (i.e 55 years?)

If gas was a “bridge fuel,” we should 
have stopped installing it in 1965. 
(2050 - 85 = 1965)

Clearly, we need to accelerate cost 
recovery. (i.e. over 30 years, not 85)



Gas Asset
Cost Recovery

Not like a mortgage:

● Annual principal payment fixed 
at 3.33%/year (i.e. 1/30)

● Interest payments decline over 
time

● Annual Cost declines over time

In normal times, utility would continue 
investment in gas expansion using 
returned principal and thus actual 
costs would remain stable or rise 
slightly.



The Effect of 
Stranded Assets

Those who abandon gas early leave 
behind stranded assets which are paid 
for by those who remain.

Over time, the average cost/ratepayer 
rises 1,420%.

Even if gas is free, gas service will 
become unaffordable.

Low and Moderate Income (LMI) 
customers will be left holding the bag.

“Dual-fuel” strategies don’t help. 
(Somewhat less loss of sales, but not 
cost impact is largely the same.)



We need a process 
of managed 
decapitalization.

The longer we wait, the bigger the 
problem becomes.

The need to invest in safety and 
reliability will make the problem worse, 
no matter what we do.

RNG and Hydrogen are not useful 
solutions:

● Insufficient RNG Feedstocks
● Not enough electricity to 

produce hydrogen
● Hydrogen would require 

massive investment in pipes 
and appliances

Things we must do:

● End gas expansion
○ The first step in fixing a problem is to stop making 

it worse
○ Limit new assets to safety and reliability only

● Schedule areas for end of service (i.e. “Glide Path”)
○ Reduce removal costs by batching removals

● Accelerate cost recovery
○  Ensure costs recovered before 2050

● Reduce rate of return
○ Gas utility shareholders should share the pain.
○ 9% is too much for obsolete assets.

● Develop alternative uses of recovered costs
○ Electric grid expansion
○ Geothermal Utility Service (GeoMicroDistricts)

● Decide who pays for stranded assets:
○ Gas customers? (Exit Fees?)
○ Gas company shareholders?
○ Electric Ratepayers?
○ Taxpayers?



We need to define a 
managed process for 
the decapitalization 
and decommissioning 
of gas assets.

Bob Wyman, bob@wyman.us

May 4, 2021
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