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The comparison of New York City with other 
cities with a set of indicators

• NYC GHG emissions 
are the highest 
among cities in U.S.

• Buildings consume 
78% of energy in NYC



New York City Blackout 2003

50 Million Lose Power

Economic Losses: $7-10 billion 
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USEPA asked us for help

tumblr.com

nasa.gov/topics/earth/features/ny-roofs.html
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We Used Integrated Analysis Methods 
to Provide Simple Solutions

 U.S. MARKAL model for comprehensive 

Energy-Water analysis 

 Reduce PEAK Electricity Demand (cool the 

city)

 Provide Green Roofs and White Surfaces

 Increase Energy Efficiency

worldchanging.com

ngldc.org

eere.energy.gov/buildings/technologies/images

/photo_heating_ventilation_ac.jpg



BNL’s Energy Policy/Technology Analysis

 Core focus on long-term integrated energy, 
environmental and economic analysis using the 
MARKAL family of models
• MARKAL was developed at BNL in collaboration with 

International Energy Agency

• Currently working with many MARKAL variants (e.g. 10-region 
U.S. Model, Single region U.S. Model, 15-region ETP Global 
Model, New York City Model, Multi-region Long Island Model)

 Relevant Agencies and Projects for Energy and 
Climate Change Economics Modeling
• U.S. Department of Energy
• U.S. Environmental Protection Agency
• Harvard “Transforming U.S. Energy Innovation”
• Hong Kong MARKAL model
• Taiwan MARKAL model
• South Korean MARKAL model6





Considerations for the Base Case
 Productive life of existing power plants are extended to 

2050 (in expectation of retrofits/new technology at the 
same location).

 Land-use laws, expensive real estate and mandatory 
requirements of the Federal Energy Regulatory 
Commission for producing 80% of needed electricity 
demands within geographical boundary of the City are 
expected to drive that behavior. 

 Due to NYC sustainability goals, new generation capacity 
will be added by very clean and increasingly efficient 
combined cycle gas turbines in the business-as-usual.

 Cleaner options like nuclear and super-efficient integrated 
coal gasification combined cycle with carbon capture and 
sequestration are not considered due to obvious 
challenges recently faced by these options in NYC.





End Use Technologies: Residential Sector
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Misc. Steam Appliances Misc. Gas Appliances

Misc. Electric Appliances Incandescent Lighting

Refrigeration, Standard Steam to Water Heating

Baseline Gas Water Heater LPG to Water Heating

Baseline Oil Water Heater Baseline Electric Water Heater

Steam Cooling, MF Gas Heat Pump (Cooling), MF

Room AC, MF Elec. Heat Pump (Cooling), MF

Central AC, MF Steam Cooling, SF

Room AC, SF Elec. Heat Pump (Cooling), SF

Central AC, SF Steam to Space Heat, MF

Gas Burner for Space Heat, MF Kerosene Burner for Space Heat, MF

LPG Burner for Space Heat, MF Oil Burner for Space Heat, MF

Electric Heat Pump, MF Elec. Resistant Heat, MF

Steam to Space Heat, SF Gas Burner for Space Heat, SF

Kerosene Burner for Space Heat, SF LPG Burner for Space Heat, SF

Oil Burner for Space Heat, SF Electric Heat Pump, SF

Elec. Resistant Heat, SF

Example:

3 Fuel Oil consuming 

multi-family space 

heating technologies



Rationale and Outline

 Buildings are the biggest energy consumers in NYC 

(78%)

 Utilize New York City MARKAL for quantifying the impact 

of energy efficiency and load management options

 Capture the synergies and offsets of deploying energy 

efficient technologies in buildings 

 Results of this work serve as a guideline in implementing 

urban energy efficiency and other forms of urban 

environmental improvement through cost-effective 

planning at the institutional and local level in other cities 

(especially emerging economies)

 Demands are increasing but there is not enough supply



Lower Manhattan

New York City

Hot Spot/

Load Pocket

Maps Source: NYSERDA UHI Study

Heat Archipelago



That ain’t simple…

 Complex Steam-heating 

 Repowering power plants

 80% generation has to come from within city – mandated by 

Federal Energy Regulatory Commission

nyc.gov/planyc

nyc.gov/planyc



Strategies: Green Roof, Urban 
Reforestation and White Surfaces

nyc.gov/planyc



Energy Efficient Green Buildings

Bank of America – LEED Platinum Building 
with MicroCHP & ICE Storage for cooling

Four Times Square built in 1999 – Solar PV, 
Hydrogen Fuel Cells, Occupancy sensors, 
Energy-efficient lighting, High performance 
window glazing, Variable speed drives for 
pumps, motors, fans



Energy Efficiency 
Retrofits – Empire 
State Building

 38% Energy Savings

Reduce 

Loads

Use Efficient 

Technologies

Provide 

Controls

esbnyc.com

Electricity Savings over-time



Buildings Energy Efficiency

 Piloting EE&C strategies at a neighborhood level shows 

targeted benefits

 Proven successful, they can be upscaled to the City



Combined Savings add-up

• Lower Manhattan demand reduction for 

commercial 30-40% & for residential 

20% by 2025

• Peak-load reduction for Lower 

Manhattan 23% and for New York City 

6% by 2025
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By the way, it Saves Money as Well!



NYC Water 
System

•1.3 billion gallons 
per day supplied

•19 reservoirs

•3 aqueducts

•3 tunnels in the city 

•6000 miles of 
distribution mains



nyc.gov/planyc



nyc.gov/planyc



nyc.gov/planyc



Reduce Quantity of Water Treated
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Simple Change in Water-efficient 
Appliances: Save Big Energy and Water

eere.energy.gov/buildings/technologies/images

/photo_washer_dryer.jpg



More Water Efficiency – More Energy Savings
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More Water Efficiency – More Energy Savings
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NYC Waste Water Treatment Plants

•1.4 BGD 
treated

•14 plants

•93 
pumping 
stations

nyc.gov/dep



Wastewater Treatment: 
Deploying More Fuel Cells 

Location No. of 

Fuel Cells

Size

(kW)

Normal

Operation

Project

Cost*

Red Hook 

WWTP 

2 - ADG 400 grid-parallel $2 Mill’n

26th WWTP 2 - ADG 400 grid-parallel $2 Mill’n

Hunts Point 

WWTP 

3 - ADG 600 grid-parallel $3 Mill’n

Oakwood Beach 

WWTP, Staten 

1 - ADG 200 grid-parallel $1 Mill’n

Total 8 1,600

Fuel Cell Capacity at NYC WWTFs
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Warming Climate Impacts Cooling 
Demands in NYC 

Note: CC: Commercial Cooling, RCM: Residential Cooling-Multi Family, RCS: 
Residential Cooling-Single Family. Increased Cooing Demands by 1.5 times 
and 2.5 times respectively is indicated with separate dashed lines. 

 3 to 4 times more days per 

year over 90 degrees, 

approximately 3 to 4 times 

more heat waves a year –

lasting up to 7 days each and 

more frequent, intense 

rainstorms.



Reducing CO2 Emissions for 
Limiting Warming 

 Stabilizing CO2 Emissions to 

2oC Warming  - Emissions 

decline to meet with 450ppm 

scenario @ 30% lower than in 

2010 in 2035 and by 60% in 

2050

 Reducing 80% CO2 

Emissions from the Level of 

•35-50% buildings EE&C+ rooftop 
solar, DG, micro turbines and 
hydrogen fuel-cells.
•Investments up to 50 billion $/yr





36

Projected Energy Demand  Energy-Driven Water Demand 

MARKAL 

Modeling:
• Energy-Water 

Supply, Demand, 

Generation 

Portfolio 

Scenarios

• Policy, Incentives 

and Regulations

• Economics, 

Emissions

• Bottom-up 

Technologies

• Central v/s DG

• Time-of-use and 

Peaking

• WWTPs

Existing Detailed NYC Energy-Water Model

Heat Wave-Driven Energy Demand Research task: increase temporal 

resolution of water demand from 

annual scale to weekly/monthly scale

Output :

Energy-driven Water 

demand and 

technology projections 

as function of policy, 

regulations, resources 

and economic 

constraints at weekly 

to monthly temporal 

scales

Higher River Water Temperature 

Constrains Thermal Power 

Plants



Challenges Abound…

nyc.gov/planyc


