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Hospitals on the Front Lines of Climate Change
• Public Health Impact

• Operational Impacts
• Increased frequency and severity of storms

• NYC
• Hurricane Sandy
• Summer 2021 Flash Flooding

• Hospitals have made Commitments to Decarbonization
• Nationally/Internationally

• US Department of Energy: Better Buildings Challenge
• Practice Greenhealth
• Healthcare without Harm

• NYC Mayors Carbon Challenge:
• Launched in 2007
• 30% emissions reduction by 2030



Local, State and Federal De-Carbonization Evolving
• Voluntary commitments giving way to mandates

• According to Sierra Club 180+ Cities & Towns have made 
commitments to 100% Clean Energy 

• 2019 New York City, Local Law 97 (LL97):
• 80% reduction in building emissions by 2050 relative 

to 2005 baseline
• Significant fines for non-compliance 
 

• 2020 New York State, Climate Leadership and Community 
Protection Act (CLCPA)
• 85% emissions reduction across all sectors by 2050 

relative to 1990 baseline

• 2021 US Dep’t of Health and Human Services creates 
Office of Climate Change and Health Equity (OCCHE)
• Seeks to reduce carbon emissions in health care 

sector
• Seeking commitments of 50% emissions reduction by 

2030

Sierra Club map of Communities which have a 
commitment in place



Origins of LL97: Local Law 84 Benchmarking
u Local Law 97 sets limits on the emissions of each building based on 

building type and size

u Local Law 84 Required Buildings >25,000 Sqft to complete 
benchmarking annually via Energy Star Portfolio Manager

u Benchmarking:

u Building type

u Building size

u Input monthly energy consumption (and exports) from all sources

u Key building characteristics:

u Number of staffed bed

u Number of MRIs

u Workers on Main Shift

u Etc.

u Generates an EUI and a runs inputs through a model which generates a 
score 1-100



Origins of LL97: Local Law 84
u Local Law 97 Limit development

u Used 2018 Local Law 84 Data

u Divided roughly ~30k buildings into building types:

u Hospitals;

u Multi-Family;

u Commercial Office;

u Grocery Store;

u Etc.

u Apply emissions factors for electricity, gas and other fuels

u Electric kWh X 0.000288962 tCO2e/kWh

u Natural Gas kBTU X 0.00005311 tCO2e/kBTU

u #2 Oil kBTU X 0.00007421 tCO2e/kBTU

u ConEd District Steam kBTU X 0.00004493 tCO2e/kBTU



Origins of LL97: Local Law 84
u Local Law 97 Limit development

u Plot each buildings emissions (TonCO2e/sqft.) on a bell curve

u 2024 limit set at 80th percentile for each building type

u Hospitals: 0.02381 Tons of CO2 allowed per square foot

u 2030 limit set at the 25th percentile

u Hospitals: 0.01193 Ton of CO2 allowed per square foot

u Limits decrease every 5 years thereafter (roughly halved)

u Emissions in excess of limit fined at $268/ton

u    NYC DOB Rules issued in Fall 2022

u Went from 10 building types to 60 building types

u Limits for many building types changed

u 2030-2035 limit for Hospitals reduced from 0.01193 TCO2/sqft to 0.007335204 TCO2/Sqft 
u 38.5% reduction in the Hospitals allowable emissions limit in 2030

u Carbon Coefficient for electric halved 

u 0.000288962 tCO2e/kWh to 0.000145 TCO2e/kWh



Local Law 97: Fine Calculations
-2024 to 2030 Example

-300k Sqft Hospital
-9.7 Million kWh
-500k Therms
-500 Gallon #2 Oil

-Carbon Cap:
300,000 Square Feet X .02381 tCO2/Sqft. = 7,143 tons of CO2 allowed

Carbon Emissions:
Multiply consumption of each fuel by coefficient;

Ø 9,700,000 kWh   * 0.000288962 tCO2/kWh = 2,802 Tons

Ø 500,000 therms * 100 kBTU/Therm * 0.00005311  tCO2/kBTU = 2,655 Tons

Ø 500 Gal Fuel Oil * 140 kBTU/Gal. * 0.00007421 tCO2/kBTU = 5 Tons

Ø Total Emissions = 2,802 Tons + 2,655 Tons + 5 Tons = 5,463 Tons

2024 Fine: 5,463 Tons – 7,143 Ton Cap = Emissions are below cap, No fine assessed

Utility Coefficient Unit Normalized (TonCO2/kBTU)
Electric 0.000288962 tCO2/kWh 0.000985938
Gas 0.00005311 tCO2/kBTU 0.000053110
 Fuel Oil (#2) 0.00007421 tCO2/kBTU 0.000074210
District Steam 0.00004493 tCO2/kBTU 0.000044930



Local Law 97: Fine Calculations
-2030 to 2034 Example

-Carbon Caps are reduced by 70% from 0.02381 to 0.007335204 tCO2/sqft

-Emissions coefficients will be revisited as well (currently unknown)

Carbon Cap:
300,000 Square Feet X .007335204 tCO2/Sqft. = 2,200 ton

Carbon Emissions:
Multiply consumption of each fuel by coefficient;

Ø 9,700,000 kWh   * 0.000145 tCO2/kWh = 1,400 Tons

Ø 500,000 therms * 100 kBTU/Therm * 0.00005311  tCO2/kBTU = 2,655 Tons

Ø 500 Gal Fuel Oil * 140 kBTU/Gal. * 0.00007421 tCO2/kBTU = 5 Tons

Ø Total Emissions = 1,400 Tons + 2,655 Tons + 5 Tons = 4,060 Tons

2030 Fine: 4,060 Tons – 2,200 Ton Cap = 1,860 Tons over the limit
1,860 Tons over the limit * $268/ton = $500,000 per year



Local Law 97: Carbon Coefficients- Renewables
• Most Hospitals will have no trouble hitting the 2024 goals;

• The 2030 EUI is ~155-160 kBTU/sqft which will be extremely difficult to hit for existing buildings;

• The example Hospital requires a 42% reduction in EUI over the next 6 year

• By 2050- Zero Emissions

• How do we get there?



Pathway to De-Carbonization
• Energy Efficiency

• Efficiency
• Conservation

• Alternative fuel sources
• Renewable Gas
• Hydrogen

• On-site Generation

• Off-Site Generation
• Carbon-free generation
• Upgrades to Transmission and Distribution

• Electrification

• Transitional Risk
• Short Term, Policy Development- Medium Risk 
• Medium Term, Implementation- High Risk
• Long Term, Steady State Operation- Low Risk

AP Photo/Alan Welner

The grid is the largest, most complex 
machine man has ever built; the current grid 
evolved over 100 years; proposals are to 
totally redesign this system within two 
decades



De-Carbonization Challenges: Energy Efficiency
• Laws of Physics: Energy Efficiency (EE) alone 

cannot lead to full decarbonization-

• Energy efficiency initiatives have not 
translated broadly into macro-scale gains

• Since 1975 formation of NYSERDA energy 
use has Decreased 2.7% in New York State

• By sector, energy consumption has:
• Increased 20.3% in the Commercial 

Sector
• Increased 5.8% in the Residential 

Sector
• Increased 21.6% in the Transportation 

Sector
• Decreased 63.3% in the Industrial 

Sector

Chart showing energy consumption by sector in NYS between 1975 through 2018; Source: New York State Energy 
Research and Development Authority (NYSERDA)
(https://www.nyserda.ny.gov/about/publications/ea-reports-and-studies/patterns-and-trends)

Photo: US Cooler



De-Carbonization Challenges: Carbon-Free Fuels
• The challenges with energy efficiency will require renewable 

(zero-emissions) electric sources or the adoption of carbon-free 
fuels;

• Carbon-free fuels
• Renewable natural gas

• Limited source potential 
• Fully mature market could support 4-7% of 

current gas market
• Potential to increase with technology 

improvement
• Ie: recovery from plankton/algae

• Hydrogen fuel

• The time required to build out these industries to maturity does 
not align with some of the current regulations

• In the interim, Hospitals must remain tethered to existing, tried-
and-true energy infrastructure, networks, fuels and supplies to 
ensure patient safety  

Source: EPA



De-Carbonization Challenges: Renewable Energy
• On-Site Renewable Generation is probably the preferable option for a 

Hospital; 

• Owning the system is a one-time purchase vs. purchasing RECs or carbon 
off-sets which need to be purchased annually;

• Somewhat insulates the Hospital from energy cost volatility
• Purchase of RECs or off-sets may be limited in quantity or geographically 

by regulation

• On-Site Generation Options:
• On-site wind opportunity is negligible; particularly in urban areas

• Geothermal may be an option in select instances; 
• May be limited to meeting only part load in most cases due to large 

land area required 
• Challenging in dense urban areas
• Still requires electricity to operate
• Water sourced from river diversion is at best challenging (long-

standing environmental restrictions; operational limitations)
• NYC Geothermal Evaluation Tool: 

https://www1.nyc.gov/assets/ddc/geothermal/index.html

December 2019 Bronx wind-turbine (Photo: Peter 
Gerber)



De-Carbonization Challenges: Renewable Energy (On-Site)
• Renewables require significant land

• Micro-Reactors as a potential solution?
• Can be installed in 30 days, refueling every 8 years
• Lots of experience with tech; Subs; Aircraft 

Carriers
• Hospitals in particular employ many with 

system familiarity
• Combined heat and power
• As small as 5 MW



De-Carbonization Challenges: Renewable Energy (On-Site)
• On-Site Solar:

• Requires significant open space to fully meet a Hospitals power needs

• Using NYC LL84 data, the energy requirements of (82) Hospitals was summed:

• On-Site Solar:

• An on-site PV System capable of meeting the electric power requirements would 
need to be 2,873 MW in size to power the Hospitals, using electric resistance 
boilers

• If using heat pumps the required system would be 1,997 MW in size

• According to PV Watts, a 1 MW DC PV system located in the New York City region would 
generate 1,337 MWh of electricity annually

• System would require between 14 square miles (36 sq.km.) (heat pump) and 20 sq.mi. 
(52 sq.km.) (electric resistance heat) of land

• For Urban Hospitals, not nearly enough space for meaningful on-site renewables 

• The area overlain on the inset depicts the footprint of the solar array required (2/3+ of the 
land area of Manhattan Island), solely to serve the load of the 82 hospitals  



De-Carbonization Challenges: Back-Up Power
• Battery Storage:

• NFPA 110 Requires that Hospitals maintain 96 hours of backup power;
• The authors analyzed a full load of electric load profile on one Hospital campus

• During the peak 96 hour period the Hospital consumed 1,257 MWH of 
electricity

• A battery system of this size would require approximately 800,000 
Square foot of space

• A 20% to 30% increase in the size of the Hospitals

• Other battery back-up limitations:
• Batteries would need to remain topped off for potential use in an 

emergency; precluding use for demand response
• For emergency situations exceeding 96 hours, how would the battery be 

refueled? During Hurricane Sandy outages lasted over 300 hours
• Competition for finite source minerals for battery components by other 

sectors (e.g. transportation) is already intense---and demand is in its 
infancy

• During emergency situations the Public becomes more reliant on Hospitals
• No currently available system to reliably replace emergency generators
• Natural Gas-fired equipment can be a literal life saver in emergency 

situations 



De-Carbonization Challenges: Grid Integrated 
Renewables

9/6/2023 Peak Day; 52 MW of Wind output from 2 GW of installed capacity



De-Carbonization Challenges: Grid Integrated Renewables
• A wholesale re-imagining of the NYS electric grid
• Current Generation Resource Inventory Versus Y2040 Projected Capacity

• From NYISO:
 

•Demand Response
•Current NYS Demand Response resources 
1,195 MW
•Will require ~5X increase in DR resources 

•Storage
•1,186 MW capacity deployed as of 2020
•Will require ~15X increase in deployed 
storage 

•Wind
•1,818 MW existing capacity
•Will require ~30X increase in wind

•Solar
•2,840 MW existing capacity Q1 2021  
•Will require ~17X increase in solar

•Dispatchable Emission Free Resources 
(DEFRS)  “The Intermittency Problem”

•26,459MW Existing Fossil capacity
•~1.2X increase above existing fossil 
capacity
•Essentially identical to Fossil fueled 
plants in all characteristics, except it 
doesn’t use fossil fuels

• At the same time the grid generation is transitioning, loads and 
load shapes are changing with the adoption of EV’s and 
electrification of heating fuels 

• DEFRs present a major hurdle, they are the “Unicorn”



De-Carbonization Challenges: Distributed Generation
• “Upstreaming” Emissions:

• Scope 1 decrease; Scope 2 increase;
• Societal emissions increase overall;

• Local Law 97 uses average emissions
• <68% efficiency CHP plants will be penalized
• Likely still more efficient than the electric grid

• Emissions are “Upstreamed”

• Leads to decrease in emissions at the local level 
increase in societal emissions

• District thermal systems are being promoted
• May lead to increased “up-streaming”

• Example local utilities in NYC are exempt 
from LL97
• District Steam

• Combustion losses (~20%) are 
the utilities and LL97 exempt

Source US EPA



De-Carbonization Challenges: Distributed Generation
• Co-Gen/Fuel Cells

• How are systems emissions measured?
• Average (Total Output) or Mariginal (Non-Baseload)
• EPA recommends Marginal; regulations may use Average
• Using average may result in penalties
• Average grid emissions for downstate NY are ~30% lower than marginal emission



Local Law 97: Marginal Emissions Time of Use



Local Law 97: Marginal Emissions Time of Use



Local Law 97: Future of the Distributed Energy Industry
• Development of Tools for Prospective and Existing CoGen owners:

• Industry develop marginal emissions calculation methodology
• Make calculations available to general public

• Education

• Benefit of Cogen
• Not all kWh generation from fossil has the same emissions
• Marginal emissions

• Resiliency/Reliability of Local Generation
• Risks of the energy transition
• Mission Critical facilities

• What is a Microgrid?
• Future of Cogen

• Need for DEFRs
• The role of clean fuels and adaptability of CoGen systems

• Develop Case studies
• Hurricane Sandy
• California
• Winter Storm Uri



Thank You!


