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efficienthealthyschools.lbl.gov

Efficient and Healthy Schools Campaign Webinar

Welcome! 

■ Agenda is in the chat 
■ Webinar is being recorded, and will be posted
■ All attendees are muted during this webinar
■ Please enter questions into the chat or Q&A at any 

time
■ We will send out the slides and presentation 

recording shortly after the webinar
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Today’s Agenda

■ Efficient and Healthy Schools Campaign – Alexandra (Allie) Johnson, LBNL

■ Decarbonization for Schools:

■ Paul Torcellini, Principal Engineer, NREL
■ Jess Farber, Vice President, CMTA
■ Kiersten Washle, Building Science Engineer, CMTA

■ Q&A. You can also send questions to EHSC@lbl.gov if we are unable to answer them

■ Closing and helpful links - Allie Johnson
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Efficient and Healthy Schools Campaign - Overview
■ The campaign aims to:

Improve energy performance, reduce carbon emissions, 
and promote a healthy learning environment in schools. 

■ The campaign engages K-12 schools especially those 
serving low-income student populations and in rural 
areas. 

■ This campaign is led by the U.S. Department of Energy 
with technical support from Lawrence Berkeley National 
Laboratory.

Organizing partners: 

4

https://efficienthealthyschools.lbl.gov/join


Become a Participant or Supporter

■ Campaign participants (such as schools and 
school districts) can:
– Access technical assistance and resources 

on best practices, guidance, case studies, 
and webinars

– Receive recognition for their efforts to 
improve energy performance, health, and 
resilience

■ Campaign supporters (such as contractors and 
government) are encouraged to share and 
promote goals and benefits of efficient and 
healthy schools
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Recognition Program: 2022/23 Second Round!

The campaign will recognize solutions and efforts (implementation or planning) by K-
12 schools and districts in the following categories: 

Energy Efficiency Plus Health - For improving energy efficiency and 
indoor environmental quality (IEQ: indoor air quality, lighting, thermal 
comfort, acoustics)

Emissions Reduction and Resilience - For reducing carbon emissions 
and improving resilience 

Title I schools, rural schools, and schools in disadvantaged communities are especially 
encouraged to apply. Application and more information. Supporters can help schools 
apply.
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Where are we going?

• What do you think the future of buildings “should” look like?



Trends of Commercial Sector

• Growth is faster than energy efficiency 
measures 

• Every decision has an energy and 
environmental impact

• Buildings mortgage the energy futures of 
the world



What are Zero Energy Buildings?

• Conceptually, a building that has no adverse 
energy [or environmental] impact [because of 
its operation]

• Energy consumption has been a long-term 
surrogate for environmental impact

• Boundaries and metrics
• What energy flows to measure



Goal 1: 
Reduce Consumption

Goal 2: 
Apply On-site Renewable 

Energy

BALANCE!

Buildings on a Diet



Definitions of ZEB’s

• Zero Site Energy
• Zero Source Energy
• Zero Emissions 
• Zero Energy Cost

• Boundaries and metrics
The Definition used WILL impact 

the strategies!

http://www.nrel.gov/docs/fy06osti/39833.pdf



Setting Goals

• Measurable goals are better
• From bad to good…

– I want a green building
– Design a LEED <rating> building
– Design a building to use 30% less energy than

ASHRAE 90.1-2019
– Design a building to use less than 25,000 Btu/sqft
– Design a ZERO ENERGY building
– Design a ZERO CARBON building

• Influencing purchasing decision—the owner



Zero Energy and Zero Carbon
Version 1.0

To save carbon, you save energy (or use RE)
Energy Storage comes at a penalty
Easy to understand and use
Creates overgeneration scenarios without “penalty”
The “grid” is the infinite battery

Version 2.0
Moves towards 100% renewable energy, 100% of the time
Values storage
May conflict with utility rate structures 
While saving energy saves carbon, when you save the energy is more important



Electrification
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Energy Flows—Moving towards renewable energy
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Heat Pumps

• Pull heat from the air—less efficient as 
the air becomes cooler
• Heat pumps are rated down to 17°F.  

Need to ask how much colder a 
particular heat pump will operate

• Cold climate heat pumps can work to 
-20°F which is sufficient for many US 
Climates

• System types: 
• Ducted Air-source heat pumps 

(ASHP)
• Mini-splits (ductless or multi-head)
• Ground Source Heat Pumps

Outside 
(Air/Ground/Body of Water)



Action Plans

What changes will you make to the building as part of normal 
business?
What problems does the building have?
If something “dies,” what will you replace it with?
Do you know the actual capacity of equipment?



Boiler Runtimes



Looking at existing load distribution

Image courtesy of P2S Engineering



Decarbonization Action Plan in Practice
Topic Strategy to be 

Accomplished Issues to Address Potential Solution for 
Issue Next Steps

Envelope Improve thermal 
characteristics of 
windows

Existing window film is 
failing; thermal 
comfort issues from 
single pane windows

Install insulated glazing 
panels inside existing 
windows with 
permanent tinting

Investigate cost of insert 
panels and ability to solve 
overheating and energy 
savings (energy analysis)

HVAC Electrify building Do not know which 
systems and how many 
use natural gas and if 
there are electric 
replacement options

Start an inventory of all 
natural gas systems and 
appliances 

Reach out to 
facilities/maintenance 
teams to create asset 
inventory

Renewables Roof mounted PV Can existing roof 
structure support 
ballasted PV system

Install PV on 10,000sqft 
of roof is roughly 50 kW

Investigate cost of system 
and determine if concrete 
roof structure will allow 
ballasted system 
installation 



Strategies
• Strive for 50% energy savings from ASHRAE 90.1-2019.

• Envelope – Reducing load will downsize equipment and electrical needs
• Blower door test building and seal leaks.  Target 0.10 cfm/ft2 at 75 Pa

• Lighting – use the AEDG recommendations.  Lighting is often replaced in buildings
• Plug Loads – Energy Star enabled equipment. Plug load inventories
• HVAC (to match first three)

• Maximize on-site renewable energy.  
• Use as much energy as possible from 10 am to 2 pm … and as little as possible from 5 pm to 9 pm.
• Hydronic loops – how low can you go and still meet loads.  Plan for lower loads
• Thermal storage

• Building materials – Pre-cooling/heating when solar resources are available
• Hot and cold water and/or ice.  Buffer Tanks for HVAC
• Batteries (but not for HVAC)
• Ability to flex the building loads

• Create an all-electric building (but minimize electric resistance)
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Zero Energy School Costs

https://www.nrel.gov/docs/fy20osti/77414.pdf

https://www.nrel.gov/docs/fy20osti/77414.pdf
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PV Costs Compared to Building Costs (K-12 Schools)

https://www.nrel.gov/docs/fy20osti/77414.pdf

https://www.nrel.gov/docs/fy20osti/77414.pdf


Better Buildings Decarbonizing HVAC

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Decarbonizing%20H
VAC%20and%20Water%20Heating%20in%20Commercial%20Buildings%2011.21.pdf

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Decarbonizing%20HVAC%20and%20Water%20Heating%20in%20Commercial%20Buildings%2011.21.pdf


More information: https://www.ashrae.org/technical-resources/aedgs

• Design guidance by 
building type and 
climate zone

• Supported by 
case studies and 
energy modeling

• Developed by leading 
industry experts

• Looked to for beyond 
energy code

Advanced Energy Design Guides for Zero Energy

https://www.ashrae.org/technical-resources/aedgs


Energy Use Intensity Targets for Schools



Example School
Windows did not meet fire egress requirements.
70-year-old steam system was failing
30-year-old hot water system for gym
Wanted to put PV on gym roof (but could not support the weight)

Solution Pathway
• New low-e windows (now steam system was way over capacity)
• Replaced Gym roof with EDPM and tripled insulation amount (now that boiler was over capacity)
• Reduced roof weight allowed for PV for 60% of electrical load at 70% electrical cost savings – no money 

up-front
• Started replacing radiators with low temperature fin tube on return from gym boiler
• Retired steam boiler (1.5 MMBtu/hr) and now running entire school on 0.6 MMBtu/hr boiler.  Added 

provisions for adding heat pumps
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Next Steps…

• Create your action plan
– Track energy performance
– Focus on energy efficiency.  Makes the pathway to 

electrification easier.
– Identify on-site fossil equipment.  Develop pathways to 

electrify
– Avoid electric resistance

• Join the DOE Better Climate Challenge
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Questions and Comments

This work was authored by the National Renewable Energy Laboratory, 
operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of 
Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding provided 
by the Buildings Technology Office, U.S. Department of Energy. The views 
expressed in the article do not necessarily represent the views of the DOE or 
the U.S. Government. The U.S. Government retains and the publisher, by 
accepting the article for publication, acknowledges that the U.S. Government 
retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or 
reproduce the published form of this work, or allow others to do so, for U.S. 
Government purposes.

Paul Torcellini                      
paul.torcellini@nrel.gov
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Overview
National Zero Energy Expert

9.9+ Million
Square Feet of Zero Energy / Carbon Facility Design

175+ Zero Energy Capable Projects
Operating Under 35 kBtu/sf/yr

200+ ENERGY STAR Projects
69 with Perfect 100 Scores

75+ Megawatts
Renewable Power Designed / Installed



Buckley Elementary School – Manchester CT

Buckley ES “Before” Stats

✓58,600 sf

✓1950’s vintage

✓Poor Building Envelope

✓Natural Gas Heating 
Steam Boilers

✓Limited A/C

✓No Mechanical 
Ventilation



Buckley Elementary School – Manchester CT

Buckley ES Goals

✓21st Century Learning w/ 
9,000 sf of additional 
program space 

✓Renovate-As-New

✓Net Zero Energy w/ EUI 
< 25 kbtu/sf/yr

✓Provide Excellent IAQ 
and Daylighting

✓Electrification and 
Renewal of Systems

✓Upgrade Building 
Envelope



What is Energy Use Intensity?



What is Net Zero Energy?



Data Driven Process

"You cannot manage 
what you do not 
measure.”

– W. Edwards Deming
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Follow the Energy

Drastic Energy Reduction is Needed

• HVAC  ~45%

• Kitchen  ~20%

• Lighting  ~20%

• Plug Loads  ~10%

• IT  ~5%



What’s the Process for Net Zero Energy?

Building Orientation
Maximize daylighting and control solar heat gain

Envelope
Tight envelope for low infiltration, reduced heating and cooling 
loads – to a point

High Performance MEP Systems
Quality equipment, right-sized design

On-Site Renewable
Off set energy consumption with PV

Passive & 
Active Strategies



Building Envelope

Orientation can’t change but, 

Increase Roof Insulation 

--- R-35.3

Increase Exterior Wall Insulation

--- R-19 + R-12.6 c.i.

Improved Glazing

--- U-0.38 & SHGC 0.40

--- Double-Paned

REDUCE Infiltration!



Building Envelope Testing is Critical!

Air Infiltration

• Code Minimum

• Federal Mandate

• Industry Standard

Testing Standards

• ASTM E779

• ASTM E18270
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Building Envelope Testing is Critical!

Blower Door Pressure Testing



Building Envelope Testing is Critical!

Thermal Scanning & Imaging



High Performance MEP Systems – Focus on HVAC

COMPETING PRIORITIES

Selection Criteria
✓ Acoustics
✓ Emissions Implications
✓ Fewer Compressors
✓ First Cost
✓ Future Adaptability
✓ Individual Zoning
✓ Indoor Air Quality
✓ Low EUI
✓ Low Life Cycle Cost
✓ Minimal Space Implications
✓ Operating Cost
✓ PV Installation Size
✓ Refrigerant GWP
✓ Simplicity
✓ Speed of Construction



High Performance MEP Systems – Focus on HVAC

ELECTRIFICATION



High Performance MEP Systems – Focus on HVAC

ELECTRIFICATION



High Performance MEP Systems – Focus on HVAC

GEOTHERMAL HVAC – WELLFIELD & PUMPING



High Performance MEP Systems – Focus on HVAC

GEOTHERMAL HVAC – HEAT PUMP UNITS & DOAS



High Performance MEP Systems – Focus on HVAC

GEOTHERMAL HVAC

Car 
Qu
eue

✓Distributed Heat Pump Units 
throughout – took advantage 
of existing crawlspace

✓Dedicated OA System with 
Demand Control Ventilation

✓MERV 13 Filtration & UV 
Lighting



Renewable Energy – Solar PV

✓391 kw PV -> 18 EUI

✓All on the Roof

✓Predictive Energy Model Needed



What did it Cost?

Owner’s Total Budget
$24,392,000    $360/SF

Actual Bid Results
Building $20,920,000 $309/SF  (Feb.2021)
PV Array $1,100,000 $17/SF  (Nov.2021) 
Total $22,020,000 $326/SF



Don’t forget about Utility Incentives!

✓Leverage Available Incentives

✓Contact Utility Company Early in 
Process

✓Inflation Reduction Act Potential

✓$266,789 Incentive for the Owner



THANK YOU

CMTA.COM



Q&A
Contact us at EHSC@lbl.gov
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Resources - Decarbonization 

Check out the campaign site’s resource 
pages, including decarbonization all in 
one place. Decarbonization examples:

■ Zero Energy Schools Accelerator
■ Low Carbon Technology Strategies 

guidance
■ NREL Advanced Energy Retrofit Guide
■ … and more! 

https://efficienthealthyschools.lbl.gov/resources
https://efficienthealthyschools.lbl.gov/resources
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■ Check out this page for exciting 
new funding opportunities.

– America’s Schools Grant 
Notice of Intent

– Energy CLASS prize

See our webinar recording from 
November 8th to learn more!

Upcoming Funding

https://www.energy.gov/bil/grants-energy-improvements-public-school-facilities
https://efficienthealthyschools.lbl.gov/nov-8th-recognition-kickoff
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Webinars (for schools and districts) interested in recognition, 
planning track:

■ Emissions Reduction and 
Resilience

Jan 24th: Electrification Readiness for School 
Districts

February 28: Understanding Greenhouse Gas 
Tracking and Reporting in School Districts

March 28: Take Action on Climate! Planning 
for Climate Vulnerability and Resiliency in 
Schools 

■ Energy Efficiency Plus Health

Jan 10th: What’s in Your Kit? Tools to Save 
Energy and Improve IEQ in Schools

Feb 14: Understanding Your Building Stock: 
Energy Benchmarking and IEQ Assessments 
for Schools

Mar 14: Building Assessment Tools for 
School Energy Retrofits  

https://register.gotowebinar.com/register/8130190724494601229
https://register.gotowebinar.com/register/2456122486449293069


Recognition Program: Planning Track Timeline
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Recognition Program: Implementation Track Timeline
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