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New Buildings 
Institute (NBI)
Mission: We push for 
better buildings that 
achieve zero energy, zero 
carbon, and beyond
through research, policy, 
guidance, and market 
transformation to protect 
people and the planet.

St James Intermediate School | Myrtle Beach, SC
Credit: sfL+a Architects
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Resource 
Refocus (RR)
Resource Refocus
provides innovative, 
technical consulting on 
energy use in buildings
to help building industry 
stakeholders design and 
deliver zero net energy, 
zero carbon, and energy 
efficiency research, 
projects, and initiatives.

Resource Refocus Staff



Introduction
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-12 
schools emit an 
estimated 1.6 million 
metric tons of 
emissions annually

Sources: Why K-
Content Label, CA Commercial End-Use Survey 
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*94% of heating emissions 
are from onsite gas
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Fuel choice greatly impacts carbon emissions 
Burning gas-powered equipment is common for space 
heating, water heating and kitchen equipment.

Credit: Nik Kaestner, San Francisco USD
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California electricity supply is moving toward 
100% renewables

lower emissions

Source: CAISO
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All-electric schools have no onsite combustion
Artwork by Nicole Kelner
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Overall approach

Getting to zero over 
time is a concept that 
ensures the correct tools 
are in place to address a 
building lifecycle event in 
a way that aligns with the 

-term 
energy and carbon 
reduction goals. 

© New Buildings Institute 2023



© New Buildings Institute 2023

BETR Report and Interactive Tool
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Electrification scenarios

Event in Building Lifecycle Goals

Emergency Replacement 
Minimal upfront costs, non-invasive installation, 
readily available equipment

Planned/Routine Capital Improvement 
& Deferred Maintenance 

Minimal upfront costs, non-invasive installation, 
some lead time and planning for improved air 
quality

Efficiency & Cost Savings Project 
(Deep Efficiency Retrofit)

Lifecycle cost savings on utility bills and 
maintenance

Addition to Existing Building 
Minimal upfront cost, lifecycle cost savings, 
improved air quality, fitting in with existing 
systems
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Electrification scenarios

Event in Building Lifecycle Goals

Emergency Replacement 
Minimal upfront costs, non-invasive installation, 
readily available equipment

Planned/Routine Capital Improvement 
& Deferred Maintenance 

Minimal upfront costs, non-invasive installation, 
some lead time and planning for improved air 
quality

Efficiency & Cost Savings Project 
(Deep Efficiency Retrofit)

Lifecycle cost savings on utility bills and 
maintenance

Addition to Existing Building 
Minimal upfront cost, lifecycle cost savings, 
improved air quality, fitting in with existing 
systems

Be proactive to avoid this one!
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Building size categories

Most applicable equipment will depend 
on building size:

Large

Small school buildings: < 25,000 sf

Relocatable classroom buildings: 
1,000 - 10,000 sf

Hood River Middle School | Hood River, OR
Credit: Opsis Architecture
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Electric technologies for schools

Space conditioning and ventilation (HVAC)

Water heating

Kitchens and cooking

Laundry

Transportation

Artwork by Nicole Kelner
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Electric technologies for schools HVAC example

Baseline equipment Electric options

Ducted heating
240V Air Source Heat Pump (ASHP) split 
system or packaged rooftop unit (RTU)

Ductless heating
Packaged Terminal Heat Pump

-

Central boiler heating

Variable Refrigerant Flow (VRF)

Water Source/Ground Source heat pump

Air to water heat pump



Study Methodology and Cost Results

What do we need to know about electrification 
options?

In what scenarios are they feasible?
In what building types are they appropriate?
Upfront cost and installation challenges
Energy and GHG impacts
Air quality impacts



Costs

Gathered from RS Means, state and utility reports, and 
retailers
Adjusted to include SoCal union labor rates & cost multipliers
Normalized by building area and/or capacity

Multiple sources used to determine cost ranges

Credit: New York State, E3

Credit: Gordian

Credit: Red Car Analytics

Installation Considerations

Do panels need to be upsized?
Can existing infrastructure be used?

Wiring
Piping
VAV boxes
Ducts

Are there many components?
Is a DSA review required?

Credit: Ray Wohlfarth, Plumbing & Mechanical.

Credit: Engineered Systems



Operation Considerations

Each project will require custom hourly energy modeling 
to determine specific energy cost and GHG impacts
However, based on system efficiencies and typical designs, 
we can estimate impacts of technologies relative to the 
existing system

Credit: Department of Energy

Air Quality Considerations

Existing school building systems often do not 
provide sufficient air quality needs
Electrification retrofits can address air quality 
issues

Indoor gas combustion replaced by 
electric
Retrofitted ventilation systems combined 
with electric space conditioning

Credit: Building Energy Exchange

Credit: Billy Spotz, SBG



Space Heating Electrification Matrix

Water Heating Electrification Matrix



Cooking Electrification Matrix

Laundry Electrification Matrix



Electric Vehicle Charging & Service Matrix
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Electric technologies for schools: key takeaways

Make a plan!

HVAC replacements will have the biggest impact

Always choose heat pumps!
Look for low-GWP refrigerant

Select ENERGY STAR certified equipment

Consider how retrofits can support air quality improvements

Consider electrical panel and transformer upgrades



Helping schools with BETR decision 
making

Decisions Are Made by People

Consider where your district is on the curve.
Consider where your district leaders are on the curve.
What motivates district leaders: head, heart, or wallet?

Credit: Boston University School of Public Health



Behaviors Benefits or 
Barriers

Risk perception drives 
behaviors
Individual vs Organizational
Internal vs External

Why are we talking about behavior change??

Be Prepared, do 
Your Homework

Be Consistent 
and Persistent 

Be Clear and 
Concise
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Offsetting costs with IRA: Large School HVAC

Existing system replacement cost: $0.8-1.5 million
Proposed electrification cost: $3.3-5.4 million
Incremental cost: $2.5-3.9 million
Potential 179D deduction: $0.6-1.1 million
Adjusted incremental cost: $1.9-2.8 million

Existing
Boiler
Chiller

AHU/VAV

Proposed
Multi-zone ASHP

VRF
DOAS/ERV
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Offsetting costs with IRA: Small School Hot Water

Existing system replacement cost: $1,350-3,925
240v option electrification cost: $2,325-5,025
120v option electrification cost: $2,550-4,450
Incremental 240v option cost: $975-1,100*

*may be further offset through 179D deductions

Existing
50-gal Gas 

Water heater

Proposed
120v OR 240v 

65-80 gal HWHP



Thank you to Southern California Edison for their 
support of our school decarbonization efforts!

Upcoming Efficient Healthy 
Schools Webinar!

December 14, 2023
11-12 PT / 2-3pm ET

Learn about Program benefits
Hear from previous Program 
honorees
Register here: 
https://lbnl.zoom.us/webinar/regist
er/WN_8vpE3j8yR-
SiFb8xeX5Bdg#/registration



Thank you!

South Tahoe High School
Credit: LPA Architects

schools@newbuildings.org

Questions?


