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Prop 39 ZNE School Retrofit 
Pilot Program Workshops

The Prop 39 ZNE Pilot Program s funded by California utility customers and administered by Pacific 
Gas and Electric Company, San Diego Gas & Electric Company, Southern California Edison Company, 

and Southern California Gas Company under the auspices of the California Public Utilities 
Commission. The California investor-owned utilities are not responsible for the preparation of this 

presentation, nor do any of them make any representation concerning the quality, accuracy or 
suitability of the information set forth herein. As the author of this presentation, the New Building 

Institute is solely responsible for this presentation and its contents.

© 2017 New Buildings Institute. Trademarks are property of their respective owners. All rights reserved.



Welcome & Introductions



NBI is a national nonprofit working 
to improve buildings for people and 
the environment.

Program Areas:

1. Best practices in new and 
existing buildings 

2. Continuous code and policy 
innovation

3. Zero net energy leadership and 
market development 

Redefining energy efficiency in the built environment  
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Workshop Agenda
1:00 p.m. – 1:15 p.m. Welcome: Workshop Goals & Expectations

1:15 p.m. – 1:35 p.m. Introduction: Zero Net Energy & Prop 39
Presented by NBI and Southern California Edison and Southern California Gas Company

1:35 p.m. – 2:15 p.m. Retrofit Case Study: San Francisco Unified School District 
Presented by Nik Kaestner, San Francisco Unified School District, Director of Sustainability 

2:15 p.m. – 2:25 p.m. Process of ZNE & Stakeholder Engagement
Presented by NBI

2:25 p.m. – 2:40 p.m. Break

2:40 p.m. – 3:10 p.m. Designing and Operating to ZNE

Presented by NBI and Nik Kaestner

3:10 p.m. – 3:45 p.m. Activity: Paths to ZNE Worksheet

3:45 p.m. – 4:00 p.m. Closing Discussion
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Learning Objectives
1. Understand the process associated with retrofitting a school to 

ZNE.

2. Utilize lessons learned and approaches used by a current Prop 39 
ZNE Pilot School.

3. Apply planning and technical tools needed to achieve successful 
zero net energy project planning, financing, design, construction, 
and operations.

4. Participants have access to zero net energy school experts and 
the opportunity to collaborate with other district staff as they 
brainstorm how to implement and support zero net energy school 
projects in their own communities.



Introduction to                 
Zero Net Energy
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Zero Net Energy (ZNE) Definitions
• Time Dependent Value (TDV): 

ZNE Code Building in California

• ZNE Site: A building that produces 
at least as much energy as it uses 
in a year, when grid-supplied 
energy is accounted for at the site 
boundary

• ZNE Source: A building that 
produces at least as much energy 
s it uses in a year when grid-
supplied energy (including primary 
energy for generation, 
transmission and delivery to the 
site) is taken into account

• Definitions vary!  
Time Dependent Valuation graphic source: Heshong Mahone Group, 2002 at 

http://h-m-g.com/Projects/TDV/TDVDefault.htm
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Code Cycles to Net Zero in California

Source: SCE & AEC, 2009
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Code Cycles to Net Zero in California

Source: SCE & AEC, 2009Source: CEC 2016
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Why Zero Net Energy Schools?

• The next evolution in sustainable, high 
performance buildings

• Redirect money from utility bills to 
classroom 

• Create comfortable and productive 
environment for teachers and students 

• Provide hands-on, tangible learning 
opportunities for 21st century skills

• Make schools and communities stronger, 
resilient and energy independent 

Edith Green-Wendell Wyatt Federal Building, OR
Photo Courtesy: Balfour Beatty Construction

Hood River School District Science Building| Hood River, OR
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The 2016 List of ZNE Buildings

332 ZNE

150 ZNE

50 ZNE
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The 2017 List of ZNE Buildings

332 ZNE

150 ZNE

50 ZNE

November 2017: 
63 verified

379 emerging

445 ZNE
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The largest database on ZNE buildings in North 
America and the only database searchable by 
ZNE Status & Energy Performance 
http://newbuildings.org/getting-to-zero-buildings-database
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Where 
are ZNE 

Projects?
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ZNE Buildings in Every Climate Zone
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Schools are Leading
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ZNE and Ultra-Low Energy in Education
To

p
ic

 2

K-12 Schools

Libraries 

Higher Education 

Science Centers

Community Colleges
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2017 ZE Schools: Top Five States

State
ZE 

Verified
ZE Emerging

Ultra-Low
Energy Verified

Grand 
Total

CA 2 27 6 35

KY 2 3 4 9

NC 1 4 2 7

TX 0 5 1 6

SC 0 5 0 5

Total 11 63 20 94
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Growth of ZNE Educational Buildings
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Why Schools?
Why not?! Reverse the argument/conversation - Start from ground up with educating students 
about ZNE + sustainability - Set an example for ZNE/Env. Leadership - Current path is 
unsustainable -Need a more financially sustainable route - Also spreading the message to school 
+ broader community - Healthier buildings (e.g., daylighting, or relating to higher test scores) -
Schools can be resilient resource centers - Wise use of public funds - Increased savings in 
operations, brings more money for programs - Showing students what is possible - Demonstrating 
how schools play a part in meeting state and city goals - Demonstrating good stewardship and 
leaving a positive legacy for future generations - Students are good advocates with parents -
Owner occupied buildings have best payback over long term - Not an unlimited amount of energy -
Carbon footprint - Next generation of leaders - Energy savings goes back to programs - Mandate 
is looming - Next step after LEED - Cost savings - School district as model for community - As a 
building type, it is ideal – low occupancy, sufficient land, owner-occupied - Greenhouse gas 
reductions and climate goals - Fiscally responsible with taxpayer dollars - Better financing terms -
Education next generation of leaders - Better financing terms - Education next generation of 
leaders - Increased population, increased need for more schools, will be more cost-effective to 
build now - Learning/teaching benefits: daylighting enhances student performance and wellbeing, 
biophilia (connection to nature) - Easier to operate - Maintenance  - Energy savings - Retention 
rates - School as teaching tool - Save planet one building at a time - Necessity - Electricity is 
expensive - Reinvest savings for other programs - Set a good example for kids - see us doing this 
- demonstrate leadership - Technology creates a better, more convenient building - Attract and 
retain students and faculty - Quantitative benefits - Integrate into curriculum - Building awareness -
Stay with them whole lives - Change expectations of students - We are doing our part - Better test 
scores and health 



SCE – SCG
Prop 39 ZNE Pilot

Efren Villasenor P.E. – SCE Engineering Project Management
Robert Arredondo – SCE Program/Contracts Management 
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Prop 39 ZNE Pilot Overview
• Program Goals

• Leverage Prop 39 funds
• Retrofitting “existing” buildings in public schools & community colleges
• Establish “Proof of Concept” of feasibility across California
• Document findings & Best Practices
• Future Program Development

• Prop 39 ZNE Value to the Schools
• Socialize awareness to Stakeholders 

• District staff members, students, parents, & community

• Design Assistance
• Training

• Implementation & on-going maintenance of these retrofits

•
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Prop 39 ZNE Rounds 1 and 2 Screening

• Selection Criteria

• Potential to reach an EUI of 16-22 kBtu/sqft/year after measures are applied
• Project currently has Prop 39 funding or other Non-Prop 39 funds
• Onsite renewable will be installed at the site. 

• Funded separately from ZNE Pilot

• Must meet Prop 39 ZNE Pilot Schedule
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Achieving ZNE

Target-setting 
for the whole 

building energy 
footprint

Designing to 
the target 
footprint

Building to the 
design

Monitoring, 
diagnosis and 

correction

Utilities have observed that ZNE buildings can be achieved only by way of an integrated, multidisciplinary
design process that includes:
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Utility Support

Design 
Consultation

Construction 
Inspection and 
Commissioning 

Support

Incremental 
Cost Buy Down

Monitoring, 
Diagnosis, 

Correction and 
Validation 

Coordination 
with Prop 39



©2017, New Buildings Institute

CEC Loading Order
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Energy Hierarchy
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Prop 39 ZNE Pilot Status – Southern California

Milestone Date

Site Visit, ZNE Viability Test, Selection Completed

Agreement in Place Completed

Project Kick-Off Meeting Completed

Design Report / Enhanced Design Report Feb 2016 – Nov 2017

Construction/M&V
July 2017-

September 2018

Final Design Report December 2019



Retrofit Case Study:

San Francisco Unified School District

Nik Kaestner, Director of Sustainability
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BOLD ACTION

Source: Berkeley Labs
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Governor Brown’s GoalsCA Goals
STEPPING UP

Source: CARB
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SF Unified School DistrictAT A GLANCE

57K Students7th Largest

Dense/Urban

Private

PoorDiverse

Renters
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THE JOURNEY BEGINS

Source: Harley Ellis 
Devereaux



©2017, New Buildings Institute

ZNE SCHOOLS

Source: SOM
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BUILDING STOCK
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7 x 7 x 7 CHALLENGE
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HOW IS SFUSD DOING?
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Sustainability Lite
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Pre- vs. Post- Modernization
ENERGY
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WHAT ABOUT NEW SCHOOLS?
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Therms Per Square Foot
NATURAL GAS
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kWh Per Square Foot
ELECTRICITY
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BEATING CODE IS NOT ENOUGH
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KICK-OFF

Source: WRNS 
Architects
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WORKING GROUP

Source: Tarus
Expert



©2017, New Buildings Institute

ROLE MODELS

Source:
BVSD
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SITE VISITS

Source: ZNE 
Training Center
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SITE VISITS
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Source: 
Kadva Corp

TECHNOLOGIES
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STATUS QUO
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YESTERDAY
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Source: NY 
Times

PURE JOY
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Source: SF 
Public Utilities 
Commission

UTILITY PERKS

GHG-Free 
Power
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TODAY

Source: Sanyo
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POTENTIAL RISKS
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ZNE STAIRWAYKNOW YOUR RATES
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ZNE STAIRWAYLABOR ISSUES



Process of ZNE: 
Stakeholder Engagement
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Gain Support for your ZNE Vision
• Stakeholder mapping: 

• Who are the stakeholders?
• What are their drivers?
• What are the key messages?

• Share case studies, fact sheets and other 
ZE materials

• Attend webinars and trainings

• Identify sources to support your efforts
• Prop 39 & California IOU’s
• NBI Getting to Zero Project Guide

• Visit a ZE school!
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Six Key Messages for 
Communicating Zero Net Energy

1. Zero net energy is possible in new construction and 
existing building retrofits.

2. ZNE lowers operating costs. 

3. High performance, ZNE schools improve student 
performance and occupant satisfaction.

4.ZNE schools are living laboratories, stimulating learning 
and innovation. 

5.ZNE schools are also more resilient and serve as safe 
havens for the community during emergencies.

6.While ZNE is the end game, the path to zero is a process 
and will take time to accomplish. School districts can start 
now with policies, plans and practices to get to zero.

Redding School for the Arts | Redding, CA
Photo Courtesy: TRILOGY Architecture
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Focus on the Benefits of High 
Performance Schools

• Occupants in ventilated spaces with low CO2 and low volatile organic compounds (VOCs) had 
improved scores in crisis response, information usage, and strategy ranging from 100 to 300%.1

• Students in daylit environments showed a 20-26% improvement on test scores compared to 
traditionally lit environments2.

• Students with operable windows progressed 7-8% faster than those without operable windows2.

• Students with the most daylighting performed 7-18% better in math and reading than those without2.

• Students exposed to daylight attended school 3.2 to 3.810 more days per year3

1. Bakó-Biró, Zs., Kochhar, N., Clements-Croome, D.J., Awbi, H.B. & Williams, M. (2007, January). Ventilation Rates in Schools and Learning Performance. https://www.researchgate.net/publication
2. Heshong Mahone Group. (1999, August 20). Daylighting in Schools: An Investigation into the Relationship Between Daylighting and Human Performance. http://h-m-g.com/downloads/Daylighting/schoolc.pdf 
3. Healthy Schools Network, Inc. (2012) Daylighting. http://www.healthyschools.org/downloads/Daylighting.pdf 

Discovery Elementary | Arlington. VA
Photo Courtesy: VMDO Architects



©2017, New Buildings Institute

Use the Building as an Opportunity 
for Education

• Hands on learning opportunities increase student 
performance and lesson retention.

• Use daily building operations as educational 
opportunities.

• Adapts students to a knowledge-based 
technologically advanced society.

• Students grasp 21st century skills like teamwork, 
research gathering, time management, information 
synthesizing, independence and utilizing high tech 
tools.

• Schools house the next generation of 
environmental leaders.  
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• Analyzing and Interpreting Data 
Engineering Design and Human Impacts
Energy

• Influence of Science, Engineering, and Technology on Society and the Natural World 
Engineering Design

• ESS3.C: Human Impacts on Earth Systems 
Human Impacts

• Science Addresses Questions About the Natural and Material World 
Human Impacts

• Constructing Explanations and Designing Solutions 
Energy

• Engaging in Argument from Evidence 
Energy

• ETS1.B: Developing Possible Solutions 
Energy

ZNE Supports Next Generation 
Science Standards & Skills

… among others!
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Zero Energy Schools Stakeholder 
Messaging Guide



Energy Benchmarking 
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What is Benchmarking? 

CBECS 2003 CBECS 2012 CEUS ZNE

School Energy Use Intensity in kBtu/sf-yearBenchmarking
is the practice of comparing the 
measured performance of a 
facility, or organization to itself, 
its peers, or established norms, 
with the goal of informing and 
motivating performance 
improvement.

Energy Use Intensity 
Energy use per square foot

58 
53 

41

22
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Portfolio Benchmarking

Benchmark and analyze data  
to prioritize opportunities for:

• Selecting which buildings 
warrant in-field assessments

• Uncovering performance 
issues and opportunities for 
operational improvements 

• Identifying candidates for 
deep energy retrofits and 
ZNE pilot projects



Energy Targets
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Define your Energy Target

Sources of data for absolute 
energy target goals include: 

 Portfolio Analysis 

 Solar budget 

 Modeling analysis 

 ZNE building comparisons 
CA Schools EUI target 
is 15-25 kBtu/sf-year!
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In Practice: Benchmarking and Targets
• Consistently collect and analyze data 

• Use information to make decisions 

• Use targets in request for proposals and 
building procurement process

• Combine targets with other programs to set 
goals (for ex. CHPS, LEED)

• Document targets in plans and policies (like 
Owners Project Requirements)

• Ongoing benchmarking, monitoring of metrics 
and evaluation of performance 
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Getting to Zero Resources HUB

https://gettingtozeroforum.org/zero-energy-schools-resources/



Break!
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SFUSD GOAL

Source: DOE



©2017, New Buildings Institute

NO POT LYING AROUND
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OPPORTUNITIES
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BUILDING STRATEGY

NEW SCHOOLS 
→ ZNE Ready

MODERNIZATION 
→ ZNE Two-Step

SMALL PROJECTS
→ Guidelines

RENEWABLES

→ In Due Time
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GarfieldTHE DETAILS
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GarfieldTHE NEW
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GarfieldTHE RULES
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Claire Lilienthal (Madison)

Source: Lionakis

1st ZNE BUILDING
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GarfieldTHE OLD

Source: Ecology 
Action
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GarfieldPRIORITIES
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Garfield

Source: Google 
Maps

1st ZNE BUILDING
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WHAT ABOUT A POLICY?
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Design for Education:
The Process for ZNE Schools 

VMDO Architects 
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ZNE Building Assessments
Perform in-field evaluations:

• Address known comfort issues 

• Daylighting, shading, glare control

• Air sealing, heat recovery ventilation

• HVAC schedules, replacement cycles 

• Kitchen equipment 

• Solar access and location

• Consider unusual circumstances that 
may be relevant on site

• Portables
Newcastle Elementary School Retrofit | Newcastle, CA

Photo Courtesy of Newcastle Elementary School District
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Request for Proposals & 
Qualifications (RFPs & RFQs)

Net Zero Energy Design: Tom Hootman
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Owners Project Requirements
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Team Selection

• Define your ZNE targets and incorporate 
into Request for Proposal (RFP) and 
Owners Project Requirements (OPRs)

• During interviews ask about ultra-low 
energy experience
- NBI has a list of questions to ask

• Performance based procurement 

• Pre-bid and pre-construction conferences 

• Clarify how renewables will be addressed
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Performance Based Procurement 
Make Energy Performance Targets Part of the Contract:

• Influences the scope of work:

• Engage the entire team for design through operations

• Use “shoebox” energy modeling to inform the design

• Include building commissioning and post-construction team involvement 

• Include controls integration
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Whole Building, Integrated Design
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Integrated Design Charrette

Early Design Team meeting to:

• Establish common understanding 
of project goals and energy targets

• Engage stakeholders

• Foster teamwork

• Examine options and constraints

• Solicit feedback from decision 
makers, operators and occupants 

• Define next steps 
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(Example) ZNE Retrofit Energy 
Efficiency Measures (EEM)
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Elementary School ZNE Retrofit 

32% Savings
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Design to the Target
Use the Owners Project 
Requirements to guide the ZNE 
process:

• Define Owner’s Project 
Requirements (OPR)

• Establish the Basis of Design (BoD) 
(The BoD is the design team’s 
response to the OPR)
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Design to the Target

Building automation and controls integration

Making It All Work Together: Key Points

• Use the Owners Project Requirements (OPR’s) to 
guide the ZNE process

• Plan for Measurement and Verification

• Beware of Value Engineering!

• Controls considered from design through operation

• Keep the Operators and Occupants in mind
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Controls
• User-friendly/intuitive

• Over-rides contribute to the confusion

• Consistent – across an institution if possible

• Organized
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• Building Orientation, Window to Wall Ratio, and Glazing Location/Optimization

• Highly Efficient Thermal Envelope

• Ventilation: Natural, Dedicated Outdoor Air Systems (DOAS), Demand Control Ventilation (DCV)

• Conditioning: Ground Source, Radiant, Chilled Beams

• Controls Integration

• Daylighting Access and Controls

• Solar and Glare Control - shading

• Energy Recovery Systems

• Plug Load Reductions

• Energy Management Systems

• Building Dashboards

Common Technologies for 
ZNE and Ultra-low Energy

Redding School for the Arts, CA
Photo Courtesy: Trilogy Architecture Steve Whittaker Photography
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The Influence of Systems on ZNE
Energy Use For Community College Buildings Before And After Upgrade



©2017, New Buildings Institute

Manage Plug Loads

As envelope, HVAC and 
lighting loads shrink, 
plug loads become a 
bigger part of the pie. 

Image: St Lucie K-12 Schools   https://schools.stlucie.k12.fl.us/fks/programs/technology/ Image: Shorewood K-12 Schools 
http://www.shorewood.k12.wi.us/page.cfm?id=1642&noticeid=42&isnewsletter=YES&sitechoice=0
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Operate to the Target

• Operator training & guides

• Monitor & benchmark energy 
use

• Engage occupants 

• Plug load management

• Seek continuous improvement 
& performance data review

• Use operator, occupant & 
public feedback
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Operations Matter!
Marginal Energy Impact of Operational Assumptions, By Building Type, Weighted

Operations outside typical occupied hours plus extended plug load use
DEER Assumptions 

Community College

Secondary School 

Primary School

Relocatable Classroom

EUI: 67.9 kBtu/ft2

EUI: 93.3 kBtu/ft2

EUI: 56.0 kBtu/ft2

EUI: 57.3 kBtu/ft2

EUI: 76.5kBtu/ft2

EUI: 52.2 kBtu/ft2

EUI: 48.4 kBtu/ft2

EUI: 82.1 kBtu/ft2
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Arch of Continuity

Design 
Team

Construction 
Team

Operations & Maintenance 
Team
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Engage Students & Verify Performance 

VMDO Architects 
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Recommendations for School Districts
• Inform stakeholders 

• Integrate energy and facilities into learning

• Incorporate energy into policies and plans
• CHPS policies with energy targets
• Owners Project Requirements
• Facilities Master Plans

• Consider energy in contracting methods
• Performance based procurement 

• Support staff in advanced energy practices
• Benchmarking  
• Strategic Energy Management (SEM)

San Francisco USD 
Sustainability Goals

https://www.earthdayeverydaysf.com/district-goals



Activity: Pursuing the Roadmap to ZNE
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Pursuing the Roadmap to ZNE
Instructions:

1. On your sheet, put in order which of the Roads to ZNE make the 
most sense to you and your district.

2. Identify which Road to ZNE you are either currently pursuing or 
would like to pursue. This is your “First Road”.

3. Find your group.

4. Take 10 minutes to discuss/identify 2-3 goals and targets to 
successfully achieve your chosen path to ZNE.  
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Paths to ZNE

• Creating Policy/Mandates

• Setting Energy Targets

• Benchmarking Energy Use

• Designing ZNE Curriculum

• Planning ZNE Pilot Project(s)

• Identifying Financing/Incentive Opportunities

• Operating and Maintaining to ZNE

• Recognition for ZNE Efforts

• Educate Yourself and Stakeholders on ZNE Santa Rita Elementary School | Los Altos, CA



ZNE Resources
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Join us! 
The Second Annual ZNE Recognition Awards!

Recognition Categories

ZNE Leadership Award
Honoring the leaders, both individuals who inspire others on the path to ZNE and project teams that work effectively together 

to achieve ZNE goals.

Outstanding Buildings Award
Spotlighting ZNE verified, ZNE emerging and ultra-low projects at K-12 schools and community college campuses. 

Visionary School District Award
Recognizing both large and small districts that have utilized policies, programs or plans that results in larger scale 

advancement of zero energy buildings. 

Tomorrow, November 28 from 4:30-6:00 PM
Ballroom D & E at the Pasadena Convention Center
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Getting to Zero Case Studies: https://gettingtozeroforum.org/case-studies/

Getting to Zero Database: http://newbuildings.org/getting-to-zero-buildings-database

PG&E Case Studies: http://energydesignresources.com/resources/publications/case-
studies/case-studies-ZE-non-residential-buildings.aspx
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NBI Stakeholder Resources 
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Getting to Zero Resources HUB

https://gettingtozeroforum.org/zero-energy-schools-resources/
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Other Resources
• Energy Star Portfolio Manager: https://www.energystar.gov/buildings/facility-owners-and-

managers/existing-buildings/use-portfolio-manager

• NEEP High Performance Schools: http://www.neep.org/initiatives/energy-efficient-
buildings/high-performance-schools

• Collaborative for High Performance Schools (CHPS) Criteria: 
http://www.chps.net/dev/Drupal/node/212

• Green Ribbon Schools: https://www2.ed.gov/programs/green-ribbon-schools/index.html

• NCEF School Buildings Assessment Methods: http://www.ncef.org/pubs/sanoffassess.pdf

• U.S. DOE Zero Energy School Accelerator: www.zeroenergy.org

• NREL Technical Feasibility for K-12 Schools: http://www.nrel.gov/docs/fy17osti/67233.pdf

• DOE Toolkit: K-12 Solutions for Building Energy Excellence: 
https://betterbuildingsinitiative.energy.gov/toolkits/k-12-solutions-building-energy-excellence
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April 17-19, 2018
Grand Wyndam | Pittsburgh

gettingtozeroforum.org

The premier global event dedicated to defining the 
future of low and zero energy buildings.

• Share perspectives on the growth of ZE
• Build knowledge on policies driving projects, and design and operation best practices 
• Collaborate on opportunities for ZNE to transform the built environment
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Marin Country Day School
Photo Courtesy: EHDD Architects

Thank You!


