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Why Net Zero Buildings?

Greenhouse Gases and Global Warming
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Net Zero Fundamentals – Net Zero Energy



Net Zero Fundamentals – Net Zero Energy

https://www.netzeromn.com/blog/the-heartbeat-of-a-netzero-house



Net Zero Fundamentals – It’s Not So Simple

Grid-Connected vs. Off-Grid
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Difficult Sites & High Energy Intensity Buildings



Net Zero Fundamentals – It’s Not So Simple

Facilitating Off-Site Renewables
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Net Zero Fundamentals – Net Zero Carbon

Transportation Energy



Learning Assessment Time!

If a building uses on-site fossil fuels, how much renewable electricity 
would it need to feed to the grid to be a Net Zero Energy building?
A. The same amount that it takes from the grid
B. Less than what it takes from the grid
C. The amount it takes from the grid plus the fossil fuel energy
D. The amount it takes from the grid - but occupants use bicycles
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Learning Assessment Time!

To be a Net Zero Carbon building, what additional metric might be 
quantified besides renewable energy sourcing?
A. Total building energy consumption
B. Carbon emissions from building materials
C. Carbon emissions from transportation
D. All of the above
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Net Zero Design – Outline

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

 Building energy and carbon - metrics

 Project design strategies

 Design elements & features

 HVAC & heat pumps

 “Smart buildings” and building controls



Net Zero Design – Building Design for Net Zero

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

kWh x 3.412 kBtu/kWh

therms x 100 kBtu/therm

Conditioned floor area (ft2)

get EUI in kBtu/ft2-yr

or kWh/m2-yr



Net Zero Design – Building Design for Net Zero

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

 Written as “CO2e” “CO2e” or “CO2eq” meaning CO2-equivalent

 Includes contributions from CH4 and N2O

 Units of mass – lb, kg, MT (metric tons)

 Direct Emissions - from fuel directly burned at the building

 Indirect Emissions – associated with the energy utility

 Total Emissions = Direct + Indirect

Greenhouse Gas Emissions



Net Zero Design – Building Design for Net Zero

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

 Thermal factors (e.g. 0.091 MBtu/gal of propane)

 Emissions factors (e.g. 53.11 kg/MBtu for gas; 1200 lb/MWh for 
electricity (marginal factor in Upstate NY)

 Total annual emissions (or emissions reductions) in MTCO2e/yr

100,000 kWh

10,000 therms gas

5,000 gal. fuel oil

9,000 gal. propane

≈ 53 MTCO2e

Greenhouse Gas Emissions



Net Zero Design – Building Design for Net Zero

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

 Set project goals and minimum efficiency targets early

 Integrated design process

 Leverage energy modeling early and often

 Consider life cycle cost impacts

Project Design Principles



Net Zero Design – Building Design for Net Zero

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

 Heating

 Cooling

 Ventilation

 Lighting

Passive (Solar) Design

Designing a building to take maximum advantage of sunlight and the local 

climate, and to minimize the penalties, before using mechanical and electrical 

systems.



Net Zero Design – Structural and Building Envelope

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

• Continuous insulating envelope

• Continuous airtight layer

• Moisture barrier/resistance

• GWP and embodied energy of materials

• Increased costs and diminishing returns



Net Zero Design – Windows

• Minimize glazing area (WWR) to reduce thermal losses

• Increase glazing area for daylighting

• Use lower U-values and include framing effects; thermal breaks

• Low-emissivity (Low-E) coatings and argon-fills

• Fixed shades and blinds



Net Zero Design – Ventilation

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

Natural Ventilation



Net Zero Design – Ventilation

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

Energy Recovery Ventilator (ERV)



Net Zero Design – Ventilation

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015

Energy Recovery Ventilator (ERV)



Net Zero Design – HVAC & Heat Pumps

Electric Heating?



Net Zero Design – HVAC & Heat Pumps



Net Zero Design – HVAC & Heat Pumps



Net Zero Design – HVAC & Heat Pumps

Heat Pump Water 

Heater (HPWH)

Heat Pump 

Clothes Dryer



Net Zero Design – Service Hot Water

Additional space conditioning load decreases COP by 13%

- From COP = 1.90 down to 1.66

- Still better than 0.95!



Net Zero Design – Controls & Smart Buildings



Learning Assessment Time!

Which building load would not be served by a heat pump?
A. Heating
B. Pumping
C. Cooling
D. Service hot water
E. Clothes drying
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Learning Assessment Time!

Which building load is influenced by total window area?
A. Heating
B. Pumping and fan energy
C. Cooling
D. Lighting
E. All of the above
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New York State Entities, Programs, Policies

 Energy consumption in New York

 Electricity consumption and the electric grid

 NYISO

 PSC

 Governor

 NYSERDA

 Affected state entities including SUNY, DASNY

 Net Zero certifications



Entities, Programs, Policies – NYS Energy Mix

 Ranked 50th in energy consumption per capita (RI is less; LA is worst)

 Ranked 51st in energy cost per capita ($2,524; WY is worst - $6813)

 Produced more hydroelectric power than any other state east of the 
Rocky Mountains; 4th in the U.S.

 Ranked 5th in petroleum consumption

 …but has the lowest petroleum consumption per capita

 Ranked 9th in energy-related CO2 emissions

 … but has the lowest emissions per capita (except District of Columbia)

New York State rankings – Fun Facts

Sources: eia.gov (2016 & 2017 data); 



Entities, Programs, Policies – NYS Energy Mix

+   2,754974 = 3,728 Tbtu



Entities, Programs, Policies – NYS Energy Mix

New York State GHG Emissions by Sector - 2015



Entities, Programs, Policies – NYS Electric Grid

New York State Electric Power Capacity



Entities, Programs, Policies – NYS Electric Grid

• State-Wide GHG emissions factor 

= 466 lb CO2e/MWh

• U.S. average is 1004 lb CO2e/MWh

• NY Upstate has lowest of 26 eGRID

subregions – 296 lb CO2e/MWh

Fossil Fuel

39%

(>90% Gas)

Nuclear

32%

Hydro

22%



Entities, Programs, Policies – NYS Electric Grid



Entities, Programs, Policies – NYS Electric Grid

• NY electric grid is managed by a single independent system operator 

called the NYISO.

• Independent, non-partisan, not-for-profit organization

• Regulated under the Federal Energy Regulatory Commission (FERC)

• Three critical functions:

• operating the New York State bulk electric system

• administering competitive wholesale energy markets

• planning for future system needs

• Priority is maintaining grid reliability

New York Independent System Operator (NYISO)



Entities, Programs, Policies – NYS Electric Grid



Entities, Programs, Policies – NYS Electric Grid

The “Duck Curve” – adding renewables to the grid



Entities, Programs, Policies – Governor & PSC

Public Service Commission (PSC)

• Regulates and oversees the electric, gas, water and telecommunication 

industries in New York

• Approves (or denies) utility rate requests

• Allows and facilitates public comments

• Part of the Department of Public Service (DPS)

• Five members appointed by the Governor; 6-year terms



Entities, Programs, Policies – Governor & PSC

Reforming the Energy Vision (REV, Apr. 2014)

• Policy framework announced after 

Hurricane Sandy

• PSC Track One order Feb. 2015

• PSC Track Two order May 2016

• 2015 New York State Energy Plan is 

the “comprehensive roadmap”

• Ongoing and regularly updated by 

the governor



Entities, Programs, Policies – Governor & PSC

Clean Energy Standard (CES – Aug. 2016)

• Includes a renewable energy standard (RES)

• Also a zero-emissions credit (ZEC) requirement

• Utilities must acquire 50% of electricity from clean energy resources by 2030

• Existing nuclear power plants are zero emission resources

• Subsidizes old nuclear plants:

• Ginna (guh-NAY; now the oldest nuclear plant in the U.S.)

• James A. Fitzpatrick

• Nine Mile Point



Entities, Programs, Policies – Governor & PSC

“Green New Deal” (Jan. 2019)

• 100% carbon-neutral electricity by 2040

• Boosts Clean Energy Standard from 50% to 70% renewables by 2030, by

• Nearly quadrupling New York’s offshore wind target to 9,000 megawatts by 2035, up 

from 2,400 megawatts by 2030

• Doubling distributed solar deployment to 6,000 megawatts by 2025, up from 3,000 

megawatts by 2023

• More than doubling new large-scale, land-based wind and solar resources through 

the Clean Energy Standard

• Maximizing the contributions and potential of New York's existing renewable 

resources

• Deploying 3,000 megawatts of energy storage by 2030



Entities, Programs, Policies – New York City

New York City Climate Mobilization Act (Apr. 18th 2019)

• Includes set of 10 bills

• A study will look at closing 24 gas- and oil-fueled power plants

• Green roofs

• Calls on DEC to deny water permit for Williams Pipeline (fracked gas from PA)

• “Dirty Buildings Bill” requires 50,000 buildings to cut emissions by installing new 

windows, insulation and other retrofits; $millions in fines for non-compliance



Entities, Programs, Policies – Governor & PSC

Other Orders, Initiatives and Legislation

• Climate and Community Protection Act (S2992 and A3876; current)

• New Efficiency New York filing Dec-2018

• Westchester County Gas Moratorium Mar-2019



Entities, Programs, Policies – Governor & PSC

Other Orders, Initiatives and Legislation

• Executive Orders 88 & 166

• Clean Energy Fund

• NY Green Bank

• Methane Reduction Plan

• Regional Greenhouse Gas Initiative (RGGI)

• Transportation and Climate Initiative (TCI)

• Hydraulic fracturing (fracking) ban

• Coal power phase-out by 2020



Entities, Programs, Policies – Governor & NYSERDA

NYSERDA 2018 Clean Energy Industry Report



Entities, Programs, Policies – NYSERDA Programs

• New Construction Program (Commercial; 

Low-Rise Residential; Multifamily)

• FlexTech

• NY-SUN

• GSHP Rebate Program

• RetrofitNY - Buildings of Excellence – Zero 

Energy for Economic Development

• Real Time Energy Management

• Net Zero Portfolio Support

Programs for Buildings



Entities, Programs, Policies – NYSERDA Programs

• PON 4074 – Electric Power Transmission and Distribution 

(EPTD) High Performing Grid

• FlexTech

• NY-SUN

• RetrofitNY - Buildings of Excellence – Zero Energy for 

Economic Development

• Real Time Energy Management

Programs for Electric Grid & EV



Entities, Programs, Policies – NYSERDA Programs

When: April 24 | 8:30 a.m. - 5:00 p.m. ET

Where: DoubleTree | 455 S. Broadway, Tarrytown, NY 10591

Who Should Attend: Developers, architects, contractors, energy 

consultants, bankers and others involved in the commercial building trade

Sponsorship of Conferences



Entities, Programs, Policies – DASNY, SUNY

• Over four dozen state entities that comply 

with Executive Orders

• Entities that influence the most buildings:

SUNY

DOCCS

CUNY

OMH

OGS

MTA

DASNY

“Affected State Entities” –

NYS Universities & State Agencies



Entities, Programs, Policies – DASNY, SUNY
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Entities, Programs, Policies – Certifications

• ILFI: Zero Carbon -> Zero Energy -> Energy 

“Petal”

• USGBC: LEED Zero Energy -> LEED Zero 

Carbon

• PHIUS: PHIUS+ Source Zero

• Residential Zero Energy and/or Zero Energy 

“Ready” programs

• DOE

• Earth Advantage

• Canadian Home Builders Association

• Built Green

• Green Home Institute



Learning Assessment Time!

Which fossil fuel is most heavily used in New York state?

A. Coal

B. Fuel oil

C. Gasoline

D. Natural gas
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Learning Assessment Time!

SUNY will meet 100% of this need from renewable sources:

A. Building materials for new construction

B. Transportation fuels

C. Grid-sourced electricity

D. All of the above
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Questions?
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bbishop@pathfinder-ea.com

585-698-1956

Thank You!

Next up at 9:45 a.m.:

- INCORPORATING INNOVATIVE BUILDING CONSTRUCTION PRODUCTS

& PERFORMANCE-BASED DESIGN ALTERNATIVES

BY BRIAN SCOT TOLLISEN, PE


