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Bishop O’Dowd High School | Oakland, CA Credit: David Wakely Photography

Getting to Zero in Schools Workshop
October 9, 2019

new buildings
nbl iNstitute
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Welcomel!
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new bulldings
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Thought
Leadership

New Buildings Institute =
D . . d b . . =
rving energy and carbon emissions “0

reductions in the built environment.

Program areas include:

1. Advanced buildings

2. Getting to zero leadership
3. Code and policy innovation

Research

oy

Vision
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Learning Objectives

 Participants will understand the process associated with designing and
constructing a school to zero energy.

 Participants will be able to utilize lessons learned and approaches uncovered
through studies and experience by schools on the path to zero through access to
zero energy school experts.

 Participants will be given the opportunity to collaborate with other school districts
as they brainstorm how to implement and support zero energy school projects in
their own communities.

 Participants will be able to apply planning and technical tools needed to achieve
successful zero energy project planning, financing, design, construction, and
operations.

© New Buildings Institute 2019



Status of Getting to Zero in Schools



nbi G2
2012

new buildings
nblmsmute J

research report
March 2012

Getting to Zero 2012 Status Update:

A First Look at the Costs
and Features of Zero Energy
Commercial Buildings

With support from:

NASED) o

COMMEREIAL BUILDINGS CONSORTIUM

2014

Getting
to Zero
Status
Update:
A look at the
projects,
policies and
programs
driving zero net
energy
performance

in commercial
buildings

2016

2016

2014

buidings W
nbi e "W

RESEARCH REPORT
January 2014

list of zero

David and Lucile Packard Foundation, Los Altos, California
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Schools are Leading!

Building Type Breakdown

Building Type Breakdown

Public Order and Safety Il
Warehouse and Storage il

Education Breakdown

General Education | I
0 20

40

K-12 School I
Higher Education | [

60

Education I S 37%
Office NN IEIEEENENENENEN 19%
Multifamily /IR 16%
Other NN 14%
Public Assembly [ G 8%
Mercantile Il 2%

M ZE - Emerging 20y,
W ZE - Verified 1%

50%
35%
15%
80 100 120 140 160 180

Building Count © New Buildings Institute

= new buidi
nbi e e

2019 Zero Energy
Schools Watchlist

A Zoro energy bulicing procuces as much
energy through clean, renewable resources

e s nbinewbui! loings

Cnvg © T3 e 1 AIO1 T e £ AP ]
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Location of
Zero Net
Energy
Schools

new buildings
nbl iNstitute

3 Count per City
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Energy Performance of Emerging and
Verifled ZNE Schools
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Photo: Richardsville Elementary | Bowling Green, KY Credit: Sherman-Carter-Barnhart Architects

© New Buildings Institute 2019



Definitions Matter

* Zero Net Energy
» Zero Net Energy Site

* Zero Net Energy
Source

Transformer

s e NRNRY » Time Dependent
Valuation

- Zero Net Carbor

148 kBtu/ft?/year Source 67 kBtu/ft?/year Site

© New Buildings Institute 2019



Energy and Carbon Are Not the Same

The carbon
Intensity of
energy use
depends on
the local grid
conditions, the
time of the
year and the
time of the day.

© New Buildings Institute 2019



Fuel Choice Greatly Impacts Carbon Emissions

Primary Heating Fuel (Plurality)
50~

Natural gas o
provides most ey |
space heating in gé"g =
the U.S., but R
regional
differences exist,
and climate
differences are
significant.

35-

30-

-120 110 -100 -90 -80 70

I Etectiic [ P I other

Bl Feeoi NatwralGas

Graphic from Energy + Environmental Economics Pathways to 2050



Factors
Influencing
Decarbonization

1. Clean energy
supply

Energy
efficiency

. Demand
flexibility




Gas Use In Schools

Credit: Nik Kaestner, San Francisco Unified School Distriet Credit: CT Brayton and Sons Incorporated




Getting to Zero Over Time

School districts can start now!
« Benchmark
» Set targets and policies

 Align with building lifecycle
opportunities

 Load reduction

« System selection
 Renewables
 Electric bus/vehicles

;

)
m
2]
c
=
<
>
=
m

Richardsville Elementary | Bowling Green, KY
Credit: Sherman-Carter-Barnhart Architects
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Getting to Zero In Schools: An Introduction
to the Process



The Process to
Achieve Zero

« Get stakeholder support
 Make a commitment
« Set energy targets

* Integrate targets into
policies and contracts

e Use integrated design to
design and construct to
target

« Optimize operations

* Measure, verify and
report




Gain Support Getting to
Zero

* |dentify stakeholders & key
messages

 Share case studies & fact sheets

* Tour nearby schools or share
video case studies with decision
makers

e Patriot Hall Video -

https://energytrust.org/pathtonetzero/

* Discovery ES Video -

https://www.zeroenergy.org/video-case-study/




High Performance Schools Fast Facts

Did you know that the classroom
environment can affect a child's
academic progress over a year by as

much as

25% &
20% »

Faster progression in math in schools
with good daylighting.*

65% @

Reduction in asthma cases among
elementary students when school
indoor environment quality improves.*

26% (™

Faster progression in reading in
schools with good daylighting.4

3%

Reduction in teacher turnover in
green schools - saving US$4 per
square foot over a 20 year period.?

10% ¢*

Increase in overall performance in
schools with good daylighting.#

© New Buildings Institute 2019



School buildings
as a tool to
enhance student
learning.




The Winning Pitch for Efficiency

Watt Does it Cost to Use |17

Directions: Using the key on the back of this sheet, your group members and a calculator,;

complete this energy usage table. Then in the rank column; rank each energy user from highest

to lowest "energy hog®.

Mames: School:
Cost per
Wattage Hours Power Cost per
Power neads school year
(Watt Hours |used/month neads par manth
tam par month (Based on 9| Rank
hours, |used/day| (20 school (Wh) month ($0.10 per month
Wh days/month) (kWh) KWh school yrj
Fluorescent lights| 32 Wh 10 hrs 200 hrs 6,400 Wh 6.4 KWh 206 56
Gymnasium high -
intensity lights S00 | 24hrs 744 hrs
copy machine 330 24 hrs** 744 hrs
printer 50 2 hrs 40 hrs 2,000 2.0 %02 g2
computers 200 6 hrs 120 hrs
refrigerator 350 6 hrs == 186 hrs 65,100 65.1 $6.5 $59
vending machine 400 & hrs** 186 hrs
T™V's 200 4 hrs 80 hrs
smartboards 175 6 hrs 120 hrs 21,000 21.0 21 519
Microwave 1000 1 hr 20 hrs 20,000 20.0 2.0 518

Next Generation Science Standards

* 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

« Engagingin Argument from
Evidence: Energy

« ETS1.B: Developing Possible
Solutions: Energy ... and more!

© New Buildings Institute 2019



Financing Approaches

» School Bond Funding
 Solar Production Incentives

Energy Efficiency Incentive
Programs

Energy Efficiency and Solar Grant
Program

Power Purchase Agreements
(PPAS)

Energy Service Company contracts

Red irLg School Tor the Arts| Redding, CA~
bl Credity TRILOGY. Architecture e

=4



Make a Commitment

« Start Early!

* Benchmark

« Set goals

» Selecta champion

* Regqularly report progress toward
goals

» Attend webinars and trainings




Establish an Energy Target ZERO

Advanced Energy Design Guide
for K-12 School Buildings

_'__':" R \
Ty

* More than beyond “xx% better
than code”

* Absolute energy "EUI” target
* EUI of 16-25 kBtu/sf-year

* Link to other sustainability
programs and goals

— H P S . : A Developed by:
( : 7R - £3 f ASHRAE
N B

The American Institute of Architects

llluminating Engineering Society

= L E E D g ARRNW » - U.S. Green Building Council
7 S0 U.S. Department of Energy
Fodofod o3
1 4 b B




ENERGY STATEMENT @ ~ccountno: 10234567890

Benchmarking g o e

Riaktial Criomar Your Account Summary
1234 Main Street Amount Due on P_rwtousSlmm S.::;g
Current Electric Charges $95.91
Current Gas Charges 4920
. e B)rotal Amount Due by 1010312013 $146.11
Phone: 1-800-743-5000
 Collect energy consumption e Y .

Local Office Address
800 W 2ND ST

e 2-3 years ERIsAD

Q=== e e
» Benchmark use against ::..5;""“". o Lis
 CBECS, other schools in district o g e

Important Messages
CARE Program You may qualify for a monhly discount with the Calformia ARemate Rates for Energy (CARE) Program. To find ou more
and apply onling, visit www_pge_comicare.

 Useful tools include : e O A e e
° ENERGY STAR PorthIIO Manager i e i i P et e s S 5 kT TRk g 7

) ) 0 G9901234567890100000 XX XXX X0000000X X XX XXX
* Online data tracking || T ——
« School Dude & Others
Mﬁm w&n&o.mmnm

* Excel, google sheets ®

PG&E

Page 1afa

© New Buildings Institute 2019



Zero Energy Use Intensity (EUI) Targets for
Schools

Site Energy Source Energy
Climate
Dry (B) < Moist (A) = Zone
Marine (C) Primary School | Secondary School | Primary School | Secondary School
| ] EUI, kBtu/ft?yr | EUI, kBtufft2-yr | EUI, kBtw/ft2-yr | EUI, kBtu/ft2-yr
- DA 22.5 22.9 69.1 70.5
] 0B 23.1 23.2 714 71.6
1A 21.3 21.1 65.5 65.0
) 1B 21.7 21.6 66.6 66.6
2A 20.9 21.3 63.8 65.1
; i £ 2B 19.6 19.9 50.7 60.8
0 3A 18.8 19.1 56.7 57.7
- S o 3B 19.0 19.4 57.3 58.8
% ) ac 17.5 17.6 52.6 52.8
, aA 18.8 18.9 56.3 56.7
4B 18.4 18.5 55.1 55.5
aC 17.5 17.6 51.9 52.3
5A 19.2 19.1 57.1 56.9
B 18.7 19.0 55.6 56.6
zana o Exrematy ot i [] Zome 42 et 0y 5C 17.4 17.6 49.7 52.3
W core A Ve o Zone o Ce e 6A 21.1 20.6 62.8 61.2
N et 68 195 19.5 57.9 57.9
B iovadc i oo B Soned et 7 223 21.5 66.2 63.7
8 25.2 23.8 71.1 70.7

AEDG Zero Energy K-12 Schools Guide: https://www.ashrae.org/technical-resources/aedgs/zero-energy-aedg-free-download
© New Buildings Institute 2019



EUI Range of Performance in Schools

ZE - Verified ZE - Emerging
100 ® o
= 80
L O
2
e <L e S S L . CBECS 2003
— = mm o mm n mm s mm s mm o mm n R s Em n o n mm s mm s mm = - T m == - _..._ - CBECS 2012
) ®
L e = L - ® CEUS 2006
g 40 Rs o - ° ¢
7 o® Medféne 27 e ©® o ¢
: o o o ® [ o o
20 Wd@n =.18 o ©® o ° o e O Py o
o © o ® o ® e® ©
o © o o & ¢ o

0 o © New Buildings Institute

© New Buildings Institute 2019



sing Energy Targets in Policies and Practices

The District has many opportunities to improve the carbon footpring of its buildings:

New Buildings
BOND PROJECTS: voter-zpproved funding for new construction & major renovaticns prui.'ides
the best opportunity for deep energy Enzuring that the District's energy targets are faithfully met in new comstruction projects requires a

retrofits rigorous design process, stellar construction technigues, and attention to quality contrel. To ensure
) the best possible outcome on each and every project. SFUSD requires architects to incorporate the

MONITORING: post-cccupancy following elements into the process of creating new buildings:

commissioning and energy monitoring can

ier:tergt :‘;z?m::;zsf to adjust operation CHARRETTE: &Il projects will commence with an architect-led design charrette specifically
en ng (1 year) focuzed on identifying the stratzgies and systems necessary for meeting the EUIl performance

OPERATIONS & SHARED SAVINGS: . goal. At a minimum, the Project Manager, Sustainakility Office, Buildings & Grounds, Design

R . . Team, Commissioning Agent, and Electrical/Mechanical/Civil consultants will attend.
preventative maintenance, energy and
water munm:;nll'lg., and engage:ent:f c ENERGY MODELING: Suilding form, massing, orisntation, and roof layout (among other design
UERTE RrEVENL rIZiNg SNargy snd watsr parameters) have a significant impact on energy usages and solar energy production. Therefore,

usage &= buildings age design decisions shall be evaluated against a constantly refined ensrgy model from the earliest
stages of 3 project. In this way, project architects will have many opportunities for course
correctien should site conditiens or non-energy parameters make achievement of ZNE goals
difficult.

FACILITIES PROJECTS: major repairs and deferred maintenance projects provide an
opportunity to improve energy and water efficiency

These SAUSD Owners Project Requir s ted to assist design t i rting th
=8 wmers crl QUIPEMENES WA CrESIEc 1o ASSISt OSHEN TRaME IN SUPRATLNE e COMMISSIONING: Commissioning sgents hired by the Diztrict will bz brought into the design

District’s ambitious zero carbon goals. The fellowing pages describe the process for incorporating . . .
- i - . . process early on and follow each project through design, construction, and post-ccoupancy to
IME-ready design into new buildings, bond modernizations, and facilities projects. In summary: L ) A ) ) - N .
enzure that design intent iz achizved 2= outlined in this document and reflected in the Basis of
Deszign (BOD). The Commissioning Plon will include design reviews, construction inspections,

funcrional testing, development of 3 maintenance manual, and systems training (see
Commissioning Procedures in the 2016 Bond Program Procedures + Standords Binder).

New Buildings will bz designed to achieve an Energy Use Intensity (EUI} « 20 kBTU/ sffyr.
SFUSDYs preferred strategies fior achieving such exemplary energy efficiency are gutlined in the
ZNE Guidelines at the end of this document. While the addition of renewabls energy is generslly
outside the scope of new projects, solar readiness should be built into the building.

Bond Modernizations will focus on improvements to the lighting systems and building
envelope as outlined in ZNE Assessments commissionsd by the District for every project prior to
the design phasze. These assessments will alzo look for opportunites o improve hesting and
wentilation systems, but these items will generally be tackled in future bonds unless broken
equipment necessitates earlier action.

All buildings will use less than

20 kBTUI fl h 20 40 ouilding elements as they wear out. In each case, the ZNE Guidelines below and District Design
s yr y Stondords + Guidelines (DDSG) will inform the design and selection of materials and/or

equipment for these projects.

Facilities Projects generzlly have limited scops and will support ZME goals by upgrading

© New Buildings Institute 2019



Mention Zero Energy Goal and EUI Targets In
Request for Proposals & Qualifications

D.C.DEP:;UMEESNTTFZ?;E;T)ZL AES]:ZRVICES ° Deﬂne deS”’Ed feam
- Engage team from

DCAM-18-AE-0125

ARCHITECTURAL/ENGINEERING SERVICES

WEST ELEMENTARY SCHOOL d es | g N th rou g h
September 12, 2018 0] pe rat| ons
The A/E firm shall consider all DGS FM Building Standards, such as Sustainability/High
Performance Best Practices, Building Automation Systems (BAS), Smart Roof Design Guide, ¢ Energy mOdeIer to
and NREL Net Zero Guidelines. The Project shall be designed in such a way so as to achieve, at : :
a minimum, LEED for Schools — Gold certification and must meet the requirements of the Inform the deS|gn

recently adopted International Green Construction Code and DOEE storm water management -1 -
requirements. As part of the LEED certification, we will require the mnovation LEED Pilot ° BU”dmg

Credit — Integrative Process for Health Promotion (https:/www.usgbc.org/credits/new- . :
construction-core-and-shell-schools-new-construction-retail-new-construction-healthc-106), the commissioner

f Green Root C_redTPro_grﬁ addressed. an?EErgy_StE Certification. In addition, the District 15 | . .
particularly interested in West Elementary becoming a Net Zero energy building and require the I ¢ ContrOIS Integratl on

| A/E firm to explore net zero strategies in the building’s design. The A/E firm shall apply for and ||

| achieve Energy Start Certification and file the DOEE Green Roof grant application. | ° I N Corporate en ergy

The A/E firm shall use BIM, or similar type software (recognized in the industry), to develop and tarQEtS |nt0 R F P / R FQ

coordinate the Design Documents.

© New Buildings Institute 2019



Selecting the Project Team

* During interviews ask about ZNE
experience

* NBI has a list of questions to ask
prospective teams

* Pre-bid and pre-construction
conferences

+ Clarify how renewables will be - o S| N o
ad d ressed Hood River MiddlesSE ;L.‘H__c\)od RIVETOR

Credit: Mich2SMEtErS |
N |

TR T |




Zero Energy Integrated Design Charrette

« Educate all the participants.
» Foster teamwork for an integrated design process.
* Diminish adversity

« Agree on energy target and other sustainability

zcré)cncrgy .
goals. Getting to Zero:
. " PRt /NE Integrated Design
Get goal “buy-in Charrette Toolkit

* Brainstorm potential technologies and strategies to
achieve target.

* |dentify synergies
« Document decisions

© New Buildings Institute 2019



Design to the Target

» Making it all work together: Building
automation and controls integration

* 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

e

. Bishop O’ Dowd High School | Oakland
m In d Credlt David Wakely Photography




Common Technologies to
Zero

e« Passive measures
* Envelope and air tightness

« Space conditioning, separate
from ventilation

* Plug load management

* On-site renewable energy
generation, electric vehicle/bus

Turkey Foot Middle Schoo!"y(ey Foot, KY Credit: Kenton County

charging and storage School Distict  aae®

i.,.




Hand Off from Design to Operations Is Criticall

Integrating operations team into the design process

Design Construction Operations & Maintenance
Team Team Team

© New Buildings Institute 2019



Continue Design to Operations

* Develop O&M manual and program
 Train building operators and occupants
* Meter and monitor energy performance
* Coordinate with commissioning agent

* Building automation system review

« Compare to predictions

* Report on progress toward goals

© New Buildings Institute 2019



Engage Occupants and
Operations

* Engage operations and occupants on
design and O&M strategies

« Share anticipated performance
* Provide real time energy use feedback

» Education program for teachers, staff and
students

Integrate zero into facilities job
descriptions

Provide visual display and feedback
for users

* Form a green team (students & staff)

|
Q NG
- S .

-~ -

DISCOVEMS ChooMIATlington, VA Credit: VMDO

: ki




Verify Performance

. ENERY COMBIWFT 1ON L . ) R RO T O
- ~ o N R
" - '
e
. | vmie— - -
- "
v U

A'mvery ScheBlgeAslington, VA Credit: VMDO
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NBI

GETTING TO ZERO IN SCHOOLS WORKSHOP
9 OCTOBER 2019

The Advanced Energy Design Guide:
Path to Success

Sylvia Wallis - AIA LEED BD+C CPHC




20-27 SEPTEMBER 2019 6.6 million people

Berlin Uganda Pakistan London San Francisco Melbourne Croatia
Hamburg Los Angeles the Netherlands Capetown Afghanistan Ireland
Stockholm the Arctic New Delhi Brazil the Solomon Islands New York

Katmandu Montreal North Korea Peru Italy Australia Hungary Japan
Singapore Chile Turkey Mexico Finland Austria Denmark New Zealand



AFGHANISTAN

“In a well-ordered society, when kids make a reasonable request
their elders should say yes — in this case with real pride and hope
that the next generations are standing up for what matters.”

Bill McKibben
9/18/19 The Guardian



“THE CLIMATE IS CHANGING; WHY AREN'T WE?”

UN IPCC Report

October 2018

Urgent and I e e N
unprecedented LA
changes s O\

needed within
next 12 years

to limit temperature change
toa maximumof1.5 C

and avoid catastrophic
environmental breakdown




Scenario categories

100 1000 ppm CO»eq

720-1000 ppm 0
80 580-720 ppm ’bco
T 52
480-580 ppm <

S O

430-480 pom e
60 ppr Q)O
2014 Estimate C

‘,v" 4/42

"
o

20 0u”T"
: 4 — peSS
Historical emissions /l/@

40

Emissions from fossil fuels
and cement (GtCO./yr)

OO

-20
1980 2000 2020 2040 2060 2080 2100

“How dare you pretend that [climate change] can be solved with just
'‘business as usual' and some technical solutions? With today's emissions
levels, [the earth’s] remaining CO2 budget will be entirely gone within

less than 8 1/2 years. Greta Thunberg

Address to U.N.’s Climate Action Summit,
9/23/2019, New York City



Swiss Mourn the Passing of Pizol Glacier

What lever can we pull, to act quickly and globally?...
Bill McKibben
9/17/19 The New Yorker



Using Schools to Shift our Mind-Set
and Break Dependence on Fossil Fuels

. , 5 L
Sbrega Heath & Science Building, Sasaki Sacred Heart Schools Stevens Library, WRNS



ADVANCED ENERGY DESIGN GUIDE
A Tool to Accelerate Change

Building Cultural £LERO.
Change through the 2
School Commu nity Advanced Energy Design Guide

for K-12 School Buildings

A concise guide with | |
the rationale and tools |
to get everyone on the

same page

ASHRAE
The American Institute of Architects
llluminating Engineering Society

U.S. Green Building Council

Available as free download: U Dopartment of Enorgy
www.ashrae.org/technicalresources/aedgs Emniy '




ADVANCED ENERGY DESIGN GUIDE

What’s in the Guide

Speaks to multiple
audiences to build
consensus

* School Owners
(Board, Facilities,
Administration)

* Engineersand
Architects

* Students, Families,
and Community
Stakeholders

Rationale for Zero
Energy




ADVANCED ENERGY DESIGN GUIDE

What’s in the Guide

Measurable energy goals

Financially feasible

Operationally workable
Readily achievable

Methodology for designing
and constructingfeasible
zero energy schools

Keys to Success
How to Strategies

Case Studies

w
o

N
(8]

N
o

EUI (kBtu/ft2yr)
o &

(%2}

o

OA OB 1A 1B 2A 2B 3A 3B 3C 4A 4B 4C 5A 5B 5C 6A 6B 7 8
Climate Zone

m Primary School Site EUI m Secondary School SiteEUI

S

NREL Building Simulationsto establish
EUI targets feasible for each climate zone



WHY ZERO ENERGY FOR SCHOOLS?
The ideal building type to push
zero energy design

Progressive Agile Zero
minds

Learning creating Energy
Environments positive + Low

and STEAM Inlela e Carbon
for the

curriculum future Schools




WHY ZERO ENERGY FOR SCHOOQLS?
Enhanced Learning Environment

e Healthy, comfortable, ‘ v
and inspiring — — .
environments '

e Opportunities for
collaboration, inquiry,
and hands-on
learning 0y (===

* Mind-set and
technical knowledge
to create positive ;
change

Rio del Sol K-8 STEAM School, Architecture for Education



WHY ZERO ENERGY FOR SCHOOQLS?
Space Impacts Learning

e A -

Thermal Air
Comfort Quality

Daylight Acoustics

-

More More More Better
Alert Creative Collaborative Concentration



WHY ZERO ENERGY FOR SCHOOLS?
An Engaging Collaborative Enterprise

Jan Quilantang @GTechOHS - 13 Dec 2018 v
GTech Sophomores in Energy and Environmental Design spent a second day
exploring solar panels and solar electricity. It was a beautiful day to be outside.

* Discovery
* Problem-solving
e Social Action




WHY ZERO ENERGY FOR SCHOOLS?
Inspire a Trajectory for the Future

Green Technologies
Academy S

Learn Invaluable Green Technology Skills
Learn tools of the trade that empower you to confidently explore a bright future in the

ever-evolving green technology industry.

Power Your Career

Green Technologies Academy students will have an opportunity to learn multiple skills: including state-

of-the art 3D design and modeling software; the elements and principles of design; the engineering Do you care about the environment? Do you
design process; alternative and renewable energy sources; blueprint reading; sustainable construction enjoy working with technology? A career in green
practices; zero net zero buildings; energy auditing and green and sustainable construction. Student will technologies can be the path of your dreams.
develop and build on a foundation of reusing, recycling reclaiming and repurposing. This immersive, Make a true difference and learn what green
multi-year sequence of classes and work-based learning experiences prepares students for college technologies can do for your community.

coursework and gives them a competitive advantage in the job market. Discover cutting-edge technology, learn about



WHY ZERO ENERGY FOR SCHOOLS?
Inspire a Trajectory for the Future

Jobs in
fossil fuel
industry

Jobsin
renewable
energy
industry

2017 DOE U.S. Energy Employment Report



WHY ZERO ENERGY FOR SCHOOLS?
Spend Resources Wisely

Owner-occupied schools directly benefit
from operating cost savings

Energy Conservation Program CAP - 19

Cumulative Cost Savings November 2018
Expected Energy Cost $19,433,945 Actual Energy
Actual Energy Cost $16,079,096
Program Savings $3,354,849
Percent Savings 17.3%

Other Savings $239,144

Total Savings $3,593,993 Vwogram Savings



/ero Energy K-12 Case Studies

Dearing ES, CZ 2A, EUI 23.5
Barry Nebhut, Architect, Image: Stantec

Discovery ES, CZ4A, EUI 15.8
VMDO Architects, Image: Digital Design + Imaging

Richard J. Lee ES, CZ 3A, EUI 18.9

Image: Stantec



/ero Energy K-12 Case Studies

Hollis Montessori, CZ 5A, EUI 9.6
Windy Hill Assoc. Architects, Photo: Eric Roth

Odyssey ES, CZ 5B, EUI 15.0
VCBO Architects, photographer: Dana Sohm

i .
R e AT A

Friends School, CZ 6A, EUI 11.7
Kaplan Thompson Architect, ncob photo



ADVANCED ENERGY DESIGN GUIDE
Two Fundamental Principles

Create and
reinforce a culture

for zero energy:
connect student
learning/success with Zero
Energy and educators will
buy in

Adopt a
collaborative and
integrated team
process

human graph on bike walk to school day - Ms
Cs 2nd grade

lalk %‘kc o (Cus ) Y

-

Discovery Elementary School, Virginia -- VMDO Architects



CREATING A CULTURE FOR ZERO ENERGY
Nurturing Environmental Stewards

The idea of caring
about the
environment
permeates the
whole school



CREATING A CULTURE FOR ZERO ENERGY

Building a Story around Sustainability
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CREATING A CULTURE FOR ZERO ENERGY
Measuring and Sharing Success

The Interactive
Dashboard:

A curriculum of
experiential learning
developed by
students,
administrators, and
teachers

around the
sustainability facets
of the buildings

Discovery Elementary School, Virginia -- VMDO Architects



COLLABORATIVE AND INTEGRATED PROCESS
Building Stakeholder Buy-in




COLLABORATIVE AND INTEGRATED PROCESS

Putting Building Simulation

to Reach Measurable Goals

SCHEMATIC DESIGN
CONCEPT DESIGN

Daylight + Soclar Access
gzo::::::mﬂrgg':c:::ssiunin lan ComgyFiuid Dynamice
L ap Energy Consumption

Energy Generation

at the Center

DESIGN DEVELOPMENT

Daylight + Solar Access
Comp.Fluid Dynamics
Energy Consumption
Energy Generation

COMPILE OPR "1 .y
AND BOD P Ay CONSTRUCTION DOCUMENTS
Owner's project requirements ' ~ ’ Code compliance

Basis of design

BUILDING SIMULATION

Energy Consumption
Thermal Comfort
Renewable Energy Generation

¢
’
|

ESTABLISH

Calculate potential for renewables

Set energy targets h =]

BUILD KNOWLEDGE BASE

PARAMETERS ’ \ '
Analyze climate data ‘
y

‘ enargy model
Update commissioning plan

EBIDDING + CONSTRUCTION

As-Built Energy Model
Measurament and Verification
Post-Construction Optimization

|

o

g

’ COMMISSIONING
’

POST-OCCUPANCY

Monitoring
Build oceupant engagement
Build knowledge base



COLLABORATIVE AND INTEGRATED PROCESS
Iterative Simulations

Simulate / Model / Commission / Measure / Verify

ldentify key
measurable
performance
parameters for
systems and
components in
Owner’s
Project
Requirements

’ TAINITY EMCS!Y
B e Bdg Ak

Earthright™ Energy Dashboard

Current energy use at Berkeley West Branch Library May 15, 2014, 3:13 PM

4 GreenFacs. | W Light ‘Pl ) sol )\ \Weather
Q L@’*“a | | e | = | @

A) Powered by Delta Controls. Copyright (c) 2010-2011.




COLLABORATIVE AND INTEGRATED PROCESS
Putting Building Simulation at the Center

Roof Height: 12°-0"
Solar Access Analysis



COLLABORATIVE AND INTEGRATED PROCESS

The Passive House Integrated Process —
Calibrated To Actual Post-occupancy Energy Consumption

energy
performance
standard
dedicated |
energy i et DI
modeling
pa cka g€ Friends School of Portland, Maine -- Kaplan Thompson Architects

4
<

AN

)\

High-performance Balanced

Airtightness windows + Doors  Continuous
w/ Controlled Solar Gain \/entilation

Climate-specific = Thermal-bridge
Insulation free Details



KEYS TO SUCCESS
Project Planning

A realistic budget and schedule:

* closer attention to front end planning
and post occupancy commissioning and
user engagement

Pre-design Schematics Design Dev Constr Docs Const Admin

Standard design process

Pre-design Schematics Design Dev Const Docs Constr Admin Post Occ

Integrated Zero Energy design process



KEYS TO SUCCESS
Setting Targets For High Performance

% “‘/’,,“‘7 o
’ i
ke ¢

 Measurable EUI Targets

* Zero Energy: Site or Source

* Optimize Building/Grid
Interactions
* Battery Storage
* Thermal Storage
* Smart Grids/Microgrids

e Zero Greenhouse Gas
Emissions

e Reduced Carbon Footprint of
Materials and Maintenance

* Optimized Transportation
to/from school



KEYS TO SUCCESS
Achieving Low EUI First

o

i

1
L1111

Reiberg School | Central School

Frankfurt, Germany Nordhorn, Germany

Montessori School Oakmeadow School
Aufkirchen, Germany Wolverhampton, United Kingdom



KEYS TO SUCCESS
Prioritization

STEP@ Energy Efficiency Measures

Efficient building construction
Efficient systems and appliances
Operations and maintenance

Change in user behavior

STEP@ Demand Response

Shifting electricity usage from peak periods to periods
of lesser demand

STEP® Renewable Energy

On-site energy generation

STEP@ Distributed Generation

Power generation at the point of consumption



KEYS TO SUCCESS
Prioritization

STEP

STEP 2

STEP@S

STEP4

Energy Efficiency Measures

Efficient building construction

Efficient systems and appliances
Operations and maintenance

Change in user behavior

Demand Response

Canada
Overcast, Snow,
Colder Extremes:
Passive House
Standard

Shifting electricity usage from peak periods to periods

of lesser demand

Renewable Energy
On-site energy generation

Distributed Generation

Power generation at the point of consumption

California
Lots of Sunshine,
Temperate
Climate:
Photovoltaic
Panels



KEYS TO SUCCESS
Quality assurance and commissioning

Dearing Elementary School, Barry Nebhut Architect, Texas



KEYS TO SUCCESS
Ensuring optimal long-term energy
performance

Requires owner and
occupant engagement
throughout the lifetime
of the building

- - ' " e i W
LN B
NET ENERGY ’r-u_xguthsmv MAY 18 2017
5 @ © & 69°/89°
- 1 £

R

* (Createa
communications
strategy to engage
users

* Build the knowledge
base for future
projects

Discovery Elementary School, VMDO Architects



KEYS TO SUCCESS
Ensuring optimal long-term energy
performance

The lights in this room
work automatically with the

AMOUNT of daylight to
maximinize energy efficiency

Please draw shades ONLY
when necessary




KEYS TO SUCCESS

Engaging all levels of staft and students

* education

* friendly
reminders

e shutdown
checklists

* site visits at all
hours of the day
and night to
check for
compliance

NO MORE PRANTOM [LOADY, rorn tomd s e ey

OOO®H h @

Jan Quilantang @GTechOHS - Jan 25
GTech Sophomores and Freshmen in Energy and Environmental Design did an amazing

job on their posters focused on making the environment on our campus better. They all
had such great ideas for Energy Conservation and Waste Reduction. Nice Job Students!
@RichardUrias @OUHSD _CE




HOW-TO STRATEGIES
How to Achieve Low EUI’s

Before Adding Renewables

& Building and Site Planning
Envelope

Lighting

Daylighting

Plug Loads

 Kitchen Equipment

' Water Heating

HVAC Systems

&) Renewable Energy




HOW-TO STRATEGIES

Find Opportunities to Simplity

Reduce Heating +
Cooling Loads

* Architecture

* Program

Utilize Environmental
Resources
* Daylighting
* Natural Free
Cooling/Ventilation

Socastee Elementary School, South Carolina, Stantec



HOW-TO STRATEGIES

Building and Site Planning

e Site Selection

* Massing

* Building Orientation

e Solar Access

e Roof or Site Area for Solar
Panels

* Program Zoning for Partial
Shut-downs

* Classroom Configuration

e Classroom Utilization

Image Credit: M.E. Group



HOW-TO STRATEGIES

Building and Site Planning

Provision of a Roof
Suitable for PV

* PV Areaas a percent
of Gross Floor Area

e Does notinclude a
net-to-gross area
factor of 1.25

Primary 0.27 0.20 0.21 0.20 0.23 0.25 0.27 031 0.45
Secondary 0.27 0.20 0.21 0.20 0.23 024 0.26 0.29 044




HOW-TO STRATEGIES
Building Enclosure

Air Barrier Continuity:

e Establish Air
Infiltration Goals

* Drawing the Red-
Line

CONC sLAaB
CONTINUE UNDER-SLAB POLY OVER TOP OF FOUNDATION. i
TAPE TO ZIP SHEATHING FOR CONTINUCUS AIR BARRIER . /— UNDER-SLAB POLY

12" RIGID INSULATION

Hollis Montessori School
Credit: Windy Hill Associates



HOW-TO STRATEGIES
Building Enclosure

Airtightness
Testing and
Verification:

* Blower door
test

* Smoke testing

* Infrared
thermography




HOW-TO STRATEGIES
Building Enclosure

Building Insulation:

* Appropriate U-Factors for
Roof, Walls and Floors

e Effective Installation

 Maintain Adequate Interior
Surface Temperatures

xxxxxx

xxxxx

West Berkeley Public Library, HED



HOW-TO STRATEGIES
Building Enclosure

Detailing for Continuous
Insulation

* Parapets

* Shelf Angles

 Below-Grade Transitions

* (Canopies

* Balconies

 Roof and Wall
Penetrations

Drainage Plane

{

HEININEERENRERNRANREREER

(a) Problem

IINNENNNEEENRRENERNNNERENEENY

T

<« Roof g
Iﬂﬂ‘ ~— Roof Insulation

TS
£ —
B8 b
o —
S
)
p—

(b) Solution



HOW-TO STRATEGIES
Building Enclosure

Strategies to Optimize
Fenestration

* |nstallation Sequencing
* Glazing

* Frames

* Doors

* Operable Windows

* Shading and Daylighting

Gateway Communlty Charter, Archltecture for Educatlon

U-Value 045 045 045 045 036 036 034 031 0.28
SHGC 021 0.24 0.24 024 034 036 038 043 043
Min. VT/SHGC 1.10 1.10 1.10 1.10 1110 110 1.10 1.10 1.10




HOW-TO STRATEGIES

Daylighting

* Control glare

e Daylight sensors
to integrate with
electric lighting

Oregon Episcopal School, Portland, Oregon, Hacker Architects



HOW-TO STRATEGIES

Interior Lighting

-

* Fixture Layout

N\ g

e Controls

/
{

e Space Finishes

* Integration with
Daylight

Mira Costa High School, HED



HOW-TO STRATEGIES

Exterior Lighting

Afs ' o o s ] .
2 aee e e quBEt " FEI R i e 2

- o 10t
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34 BN U mLagr— ——
C T el t

¥
R
—

Discovery Elementary School, VMDO Architects

* Vary design light levels per night usage and safety considerations
* Photosensorcontrols
* Highest efficacy lamps and fixtures



HOW-TO STRATEGIES
Plug Loads and Power Distribution

Anticipate the unexpected!

* Plugloads change over time as school
programs evolve

* Develop a plug load policy and re-calibrate
each year with staff

* Engagethe students in managing plug loads

Plug Load Analysis

Other Coupme©t Ltsnacy Pogoary
VS Corrpntars (Lbsracy Mograem
* i Corvgunors (Lisracy Pyogriery
" AN B
* 1T Roorw
® Oover Saf Equprsent (Livary)
* 8! Compnranrs 4 by

8 Sevee Deak

SRtk Corrgemens L bewyl



HOW-TO STRATEGIES

HVAC Design + Equipment Options

* Simplify!

* Maximize full and part load
efficiency

HRV UNIT

* Minimize air ducts

 Demand-control to ensure
adequate ventilation,
critical for student
performance

e * Separate ventilation/
dehumidification and
temperature control

* Air-to-air energy recovery

e Eliminate reheat



HOW-TO STRATEGIES
Kitchen Equipment

 Heat the food,
not the room

 Healthy menus
align with
lower energy
consumption

* Less heat and
smoke = less
exhaust and
make-up airflow

e Demand-control
kitchen hoods

Chatham University, Eden Hall Campus Kitchen, Mithun



HOW-TO STRATEGIES

Renewable Energy Systems

Discovery Elementary School, Virginia -- VMDO Architects

 Size array based
on optimized
building EUI

 Configure roof to
optimize
photovoltaic panels

* Negotiate power
contract with local
utility



IT’S FEASIBLE NOW ---

No Time to Walit

Pre-INDC scenarios
{with constant policy after 2020)

Least-cost mitigation scenarios to stay below 2°C
with >66% likelihood, starting
Historical emissions

’ ' 2030
Tomy 2020 {50 Iikelihood
0. | ' ~ - =
‘ {
INDCs
g a <271
Scenarios
§ -
a
= W
> :
=
Wa
<.
S
S
§ ; Rcdu'.h.on
% due to INDCs
=3
@ Remaining
3 reduction
= for least-cost
& mitigation
[ L Ranges:
I Pre-INDC Scenarios (High Cancun Pledige Scenarios) until 2030 1 « 11, Ampere H51 1) s IC A4S Scrmacn Sutabasef |
10 a B Conditional & Unconditional INDX ranges, globally aggregated r
 Glimesun [ Detay-2030 (73) scenanios with >50% likelood of staying befow 2°C w1 e PXCARS Sormarw Detatae)
a . Delay-2020 (P2) scenmarion with >66% Webbood of staying befow 2°C o4 b FOCMS Sowaro Datatus
0 ”™ I immediate’ onset mitigation (P1) scenarias with >66% kelihood of staying below 2°C i 4 b XCARS Scoauris Batsbases l
7 \ . A L
2000 2010 2015 2020 2025 2030 2050 2025

UNFCCC: SYNTHESIS REPORT ON THE AGGREGATE
EFFECT OF INTENDED NATIONALLY DETERMINED CONTRIBUTIONS (INDCs), November 2015




IT’S FEASIBLE NOW ---

No Time to Walit

4
u

In California,

6,000 new classrooms
needed every year.

1l x,‘l}

B
™"
-
"y
t
" b
- o 1
‘

With 60-year building
life-span

decisions made today
will still be with us in
2080!




IT’S FEASIBLE NOW ---

No Time to Wait

Sylvia Wallis, AlA, LEED BD+C, CPHC

swallis@architecturede.com



ZERO ENERGY

NO COST



DISTRICT 3 POLICE I-TEADOUARTERS
CINCINNATI, OHIO

HOUSTON ADVANCED RESEARCH CENTER

HOUSTON TEXAS

DISCOVERY ELEMENTARY |
ARLINGTON. VIRGINIA

SEMANS GRISWOLD CENTER
CHESTERTOWN. MARYLAND

||i| .
sl IEME', N

' !L-I:J

TOYOTA CORVALLIS
CORVALLIS, OREGON

RICHARDSVILLE ELEMENTARY

BOWLING GREEN, KENTUCKY

WILDE LAKE
MIDDLE SCHOOL

WILDE LAKE MIDDLE SCHOOL
COLUMBIA, MARYLAND

LENAWEE CENTER
ADRIAN, MICHIGAN

o —

RICHARD LEE ELEMENTARY
DALLAS, TEXAS

LOCUST TRACE AGRISCIENCE CAMPUS -

LEXINGTON, KENTUCKY

WEST ELEMENTARY
WASHINGTON. DC

HOLABIRD / GRACELAND ELEMENTARY

BALTIMORE;, MARYLAND
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Zero Energy
Success

Operations

Construction

Estimating
/ VE

ZERO ENERGY FILTERS

Owner Project
Requirements / RFQ

CMTA
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Potential
Zero Ener
Projects
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N\ If you can afford ]
. asolararray big
- enough
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—8— % of Project Budget

—&— PV Cost ($/Watt)
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2009

2010

2011

2012

2013

2014

2015

2016

2017 2018 2019

% of Project Budget




EUI

20
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55.2M PV

ASHRAE Baseline

S4. 5M PV

I ]

APS Average

CA School Average

S1. 7M PV

DES EUI Goal

Lighting Kitchen

HVAC

$1.5M PV

S1. 1M PV

DES Modeled EUI DES Actual EUI









MECHANICAL SYSTEM DESIGN CRITERIA

A

BUILDING

555

VENTILATION

e

HEATING

ENVELOPE & COOLING s AR
vav oA Prescriptive Through AHU for Cools air to 55 Relies on
Design critical zone, over degreesand temperature
ventilate all other reheat to control to
spaces setpoint address levels
temperature
PERFORMANCE Performance DOAS - Distributed heat Monitor and control
Design Outdoor air is pumps cool or heat with hot gas reheat
dehumidified the air to setpoint and supplement

and delivered to
spaces needed

temperatures

with DOAS
dehumidification

:22s CMTA



COST REDUCTION OVER BASELINE WALL TYPE

$700,000.00

$600,000.00

$500,000.00

~ -$400,000.00

$300,000.00

$200,000.00

$100,000.00

$0.00

ASHRAE CMUWall CMU Wall Precast wall Precast wall ICF Wall, R- ICF Wall, R-
Baseline  withR-20 withR-20 withR-20 withR-20 20 Roof, 30 Roof,
insulation, insulation, insulation, insulation, Improved Improved
R-20 Roof, R-30Roof, R-20Roof, R-30Roof, Windows Windows
Improved Improved Improved Improved
Windows Windows Windows Windows

I I I I m COST REDUCTION OVER BASELINE
1 1 1 1 I 1 1

INFILTRATION (cfm per COST REDUCTION OVER
ENVELOPE TYPE square foot of wall) COST OF ENVELOPE of envelope COST OF HVAC SYSTEM TOTAL COST BASELINE HVAC Tons
ASHRAE Baseline 0.3 $3,747,526 $6,983,966 $10,731,492 0 543
CMU Wall with R-20 insulation, R-20
Roof, Improved Windows 0.1 $4,169,425 $6,033,039|  $10,202,464 -$529,028 382
CMU Wall with R-20 insulation, R-30
Roof, Improved Windows 0.1 $4,288,254 $5,954,186 $10,242,440 -$489,052 369
| Precast wall with R-20 insulation, R-20
Roof, Improved Windows 0.15 $4,447,324 $6,016,595|  $10,463,919 -$267,573 379
Precast wall with R-20 insulation, R-30 _
Roof, Improved Windows 0.15 $4,566,153 $5,935,599 $10,501,752 -$229,740 366 :
ICF Wall, R-20 Roof, Improved "
Windows 0.08 $4,185,772 $5,935,599|  $10,121,371 -$610,121 366/
ICF Wall, R-30 Roof, Improved
Windows 0.08 $4,304,601 $5,860,813|  $10,165,414 -$566,078 I
F- ¥ i S5 7, ey 2 IR




A major portion of

a building’s energy
loss is by air
leakage through
the building’s skin

\

FECACADEMY




Atrium Entrance Door

RECEFTION
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Corner office above ceiling, room 3011
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Air Infiltration Rate (cfm/sf)

Pressure Testing

 Air Infiltration
« Code Minimum
* Federal Mandate
* Industry Standard
» Testing Standards
« ASTM E779
« ASTM E1827

Code Minimum Federal Mandate Best Practice




QA/QC is everyone’s job but it starts at the sub contractor level

Summary of Envelope Assembly

IC GC
Step # Tilt Panel Joint Assembly SIGN OFF
BEGINNING AT EXTERIOR SIDE OF THE JOINT

Scrape Joint Clean.

Install backer rod from the exterior 3" deep into the joint.

Install the SikaFlex following the backer rod 3/4" depth in the joint.
Install the LDF with a 2" depth in the joint.

Install another back rod on the exterior.

Install the Sikaflex.

ON THE INTERIOR SIDE OF THE JOINT

7 Install LDF along the backer rod.

8 Let LDF cure and expand.

9 Trim the LDF flush with the face of the tilt panel.

10 Prime tilt panel and LDF at the joint.

11 Apply Blueskin at the joint covering LDF and primer.

12 Roll and compress Blueskin with weighted roller

13 Seal edges of the tape on the tilt panel with Butyl Sealant.

(20 RO R NUVE I Y B







MOCK-UPS ARE NON-NEGOTIABLE

2 CMTA
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286 SF

AREA OF ENVELOPE: 73

the parking lot -

that's 45 tons less

—

- -
o

(at 75 Pascals)

REQUIRED RATE




AREA OF ENVELOPE: 73,286 SF

(at 75 Pascals)

TESTED RATE

.

L NEOC T

DEMN

- AC A

82% better
than required!
That's 68 tons of

cold air loss less
than code!







Cost Shifti

Total cost of &
while reducl

 Building Envelc
HVAC system

« Simplified Lighting

e Lighting Design |

* Glazing Choices




CMTA Zero Energy Capable Projects

35
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15
10
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Lighting
« Connected
watts/sq.ft. to below

4 watts/sq.ft.

« Correct Lighting
Levels for the space

« Vacancy Controls
« Daylighting

« Keep it Simple

R

b
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Energy Targets

Energy Consumption

. High Perf Energy Targets

Kitfchen 6%

Lighting
21%

\‘

20

10

EUI (KBTU/sf)
L =Y ] (=)}
o ] o o o

e %y

Education Office LIAA Y ‘ :M IA
@+ -0
'..

M Baseline ™ Industry Leaders



Kitchen

* 18% of energy in typical
school was consumed by
kitchen

* Few energy reductions
made in past projects

* Need to change
paradigm




COULD DO
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REAL-TIME BUILDING
ENERGY USAGE

ENERGY EFFICIENCY
EDUCATION

INNOVATIVE SOLUTIONS

- CMTA SPHERE -




Outsid Wednesday May
o <@ Z
84 * 1:40pm

Button takes you to solar production
data over time that can be exported
to Excel

Pulls up drone video footage of solar
panel installation

Button pulls
upa
description
of solar
panel
technology

POWER DEMAND

135
kw

TO0AY'S HIGH TODAYS LW

167 kW 29.1 kW,

Real time solar
production graphic

CMTA

Energy Solutions

DATA

fat

CMTA



Outsid Wednesday May,
84° 1:40pm

WINDOW
TO THE
PAST

Button pulls 2

wa Solar energy can be used to produce electricity. Photovoltaic

:?s;;i:,ﬁon comes from the words photo meaning lightandvolt, a

panel measure of electridity. Solar panels are made of silicon, the POWER DEMAND
technology

same substance that makesup sand. Electricityis produces
when sunlight strikesthe solar cell, causing electrons to move
around. The action ofthe electrons starts an electric current.
The conversion of sunlight into electricity takes place silently
and instantly. There are no mechanical parts to wear out.

135
kw

TO0AY'S HIGH TODAY'S LW

167 kW 29.1 kW,

DATA 5 CMTA

tie
®e®  Erergy Solutions

fat
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COST PER STUDENT STATION
Florida Public Schools

: A

Elementary School Middle School

$22,760 $24,578

(ﬁ

High School

$31,925

CMTA



2017 FLORIDA LEGISLATION

Prohibits a school board from spending funds
from any source on new educational plant

construction, including change orders, that oty
exceeded the statutory cost per student station. ¢ ;-'.0 C MTA
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Three steps to fund ZE once
energy has been reduced:

1. Purchase and own your PV Panels via
reducing energy usage and cost shifting.

2. Guaranteed Energy Savings Contract (GESC or
ESCO)

3. Power Purchase Agreements (PPA)

2 CMTA









P Array

System Size |Production
School Site (KWp (kWh)
Fleet ES 574.9 748,900
Jefferson MS 382.0 525,400
Kenmore MS 533.2 742,000
Tuckahoe ES 22.0 29,700
WLHS 1000.0f 1,363,000
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LIFECYCLE
COSTS

O

InG~

EI%E

44,560 SF

$115K  $3.2M

SAVED PER YEAR
ON ENERGY COSTS

500

STUDENTS

)

SAVED OVER 20 YRS ON ENERGY
& MAINTENANCE COSTS

WITHIN COST

o
PER STUDENT
STATION & L
SREF

CMTA



Arlington Public Schools - Construction Cost per Student & EUI

70

| ZE Design by CMTA

60

. Designed by others

(size = cost)

50

40

EUI
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20
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Carbon Neutral




Monitoring and Verification
Engaging Students in Gettingto Zero at Schools

Bill Kelly
October 9, 2019

Confidential | © 2019 Bright Energy 101, Inc.
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BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY



L

Agenda 5@@@

BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY

Introduction to BE101

About the Pilot with Porterville USD

Program Elements

Support Provided to Schools

* Q&A

Preparing students for college & career,
high-demand and high-paying jobs

140
Confidential | © 2019 Bright Energy 101, Inc.



Bright Energy 101 (BE101) %

a Public Benefit Corporation founded in 2018 BRIGHT ENERGY 101"

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

.... to create and drive paths toward a clean energy economy, and
provide exciting opportunities for youth to shape those paths.

Founders of Bright Energy 101

141
Confidential | © 2019 Bright Energy 101, Inc.



Porterville Unified School District

A Strong Foundation & History:
Innovating in STEM Education & Clean Energy

PUSD
Pathways

— et o st

LINKED LEARNING

BRIGHT ENERGY 101"
ENERGY EFFICIENCY & RENEWABLE ENERGY

Confidential | © 2019 Bright Energy 101, Inc.



Bright Energy 101 Program Elements %

BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY

Monitoring &
Verification
Software
(EIS Software)

Audit & Data Collection Interviews
Th ZE SCHOOLS ENGAGEMENT : s o4 i
ample; Room 3
€ m_ e .
BE101 T ool » | | =S
n ot b [ Tal TR I pa—
Program T ooo i * o -mmmr
Research Analysis / Recommendation
A 4 V‘
Conservation Student Driven
Efficiency Work Based
& Renewables Learning
Presentations Celebrating Accomplishments
& 14
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Student Driven: Interviews, Audit & Energy Model %

BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY

Learn of progress to date on efficiency & renewable energy

Get recommendations on potential opportunities
Conservation
Efficiency
Electrification

Renewables

Insights and advice to shape the students’ approach

144
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Student Driven: Auditand Observe g

BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY

. Lighting

- Plug Loads

- Heating, Ventilation, and Air
Conditioning (HVAC)

- Energy Management System
(EMS)

145
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Student Driven: Building Energy Model (sample)

Current EUI 36
Target EUI 19
ZNE Cost Savings $14,400

Building 400 Lighting Power Density
( watts / sq. ft.)

ZME Recommendation

CA Code Recommendation

Building 400

0.68

1.02

1.41

0

T T

0.2 04 06 038

1

T T

1.2 14 16

% of PHS sq.ft. 7.2%

% of electricity use 6.5%

Distribution of Total Electricity
by End Use in Building 400

/ HVAC,35%

Lighting,3?9é

Plue Load.28%



Students working to support each school reach ZE .....

BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY

S @) corterviia
',% PORTERVILLE UNIFIED SCHOOL DISTRICT

BRIGHT ENERGY 101" o 3. oy 5GP

DISTRICT DASHBOARD = STUDENTS

ERVILLE UNIFIED SCHOOL DISTRICT

TOTAL ENERGY COSTS MONTHLY (DUPLICATE)

HM A Teacher

H, .
portervile [ f Presentation
==
- T’ sright knights -~ Conservation
e _’~V—- Com petition

Bright Knights Recommendations

/., 9:{: WT ’ 4y avg. $/kwh: 50180 LIGHTING
+ Consider 1/3 or 2/3 Lighting with DAYUGHT for normal class
o 39 | operation
s Q Mg $/Therm: $0.90 « Invite a Bright Knight to your class for a Technical Consultation
e + Should only take about 5 minutes
+ Don’t worry, our weapon isour brain —not a sword!
« It will be fun!!
HOW STUDENTS AND SCHOOL HOW IS ENERGY BEING USED AT Did you know..
FACULTY CAN USE LESS ENERGY OUR SCHOOLS? Porterviie U s &b .« ‘, L H_UG LOADS

Consider switching off power strips, printers and computers each night

- —those vampire loads need to be taught alesson

Monitoring & Verification - EIS Software Plan for Each School
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Pa n da Dalla rs — — — - GOAL: 8% ENERGY REDUCTION
Announcing . . . for Porterville

Panda Dollars Leader Board % ________________________
for Porterville (SAMPLE) £ .
Z

The PUSD Conser vat ion
L. Q1 2019 RESULTS
(bmpet It Ion to reduce . Vandalia Olive Westfield Santa Fe LosRobles JohnJ Monte Roche Belleview

energy usage by 8% and gl e fooe
gy g y DISTRICTWIDE SAVINGS

save $240,000! “%
! ) . (thousands)
» 12%
»
-
» $240 ©n 1%
- -
. o
. O Shmmmmm e — — ————————————
-4 T
e ]
- $210 6%
. o
. o 4%
: a
- =
: $180 2%
-
® 0%
- Pioneer Bartlett Sequoia
-
p- $150
» 14%
-
- 12%
® (%}
. ) 10%
. $120 o) :
. O sx-—-—u- . = __ W N =N L
. 5 6%
»
» ; :
590 9 4%
I 2%
0%
HMA Porterville Monache Citrus Strathmore  Granite Hills
$60
14%
12%
$30 10%
B R e
o
$oe%
S0 5
2%
0%
Olive Preschool  Plano Preschool  Porterville Education  Porterville Adult
ENERGY EFFICIENCY & RENEWABLE ENERGY Complex School
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BRIGHT ENERGY 101"

ENERGY EFFICIENCY & RENEWABLE ENERGY
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Q&A




Cost of Getting to Zero



Life Cycle Cost Analysis

* What s the real cost of a building?

Life Cycle Cost = Net Present Value of:

Y - FirstCosts (hard and soft)

¥ “=Utility Costs |
Y - Ongoing Maintenance v | M
\ -Repair/Replacement v
| | | | | | - - Residual Value vy
2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

new buildings
I‘Ibl institute

© New Buildings Institute 2019



Cost of Zero
Studies

o California Technical
Feasibility

e District of Columbia

 Efficiency Vermont

e PG&E Case Studies,
Volumes 1-3

* Rocky Mountain
Institute

e USGBC
Massachusetts

FIGURE 3
ZE Studies in the US

Multiple studies have been conducted around the county on the upfront cost premium of ZE buildings.

Net Zero Energy Feasibility Study
(Efficiency Vermont, 2015)

Single Family—12% cost premium

Quadplex—10% cost premium
Office—7% cost premium

@
“Zero Net ®
Energy Buildings
Cost Study”
(Davis Energy
Group, 2012) @
Commercial— °
0% to 7% cost
premium
®
2
® @
The Technical Feasibility ®
wlMESEESTEL | of Zero Net Energy Buildings

in California
(Efficiency California, 2012)

The Economics of Zero-Energy
Homes: Single-Family Insights
Rocky Mountain Institute, 2019

B Statewide/Regional Studies
B ZNE Building Reports

&)

AHE ECONOMICS

OF ZERO-ENERGY

HOMES

a

Net Zero and Living Building
Challenge Financial Study
(Efficiency Washington, D.C., 2012)

USGBC Massachusetts - Zero Energy Buildings in MA: Saving Money from the Start



Change the Conversation

“The prevailing industry perception is
that zero energy Is cost prohibitive
and suitable only for showcase COST CONTROL STRATEGIES FOR
. . . ZERO ENERGY BUILDINGS
projects with atypical, large budgets;
however, there iIs mounting
evidence that zero energy can, in
many cases, be achieved within
typical construction budgets.”

new buildings
I‘Ibl institute
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Manage Costs

MacLeamy Curve
PLANNING RFP SD DD CD CONSTRUCTION

Ability to achieve ZE
Abllity to impact project

Cost of achieving ZE
Costof deSign Changes Source: Amanda Bogner, P.E. Energy Studio

b' new buildings
n I INstitute © New Buildings Institute 2019



Manage Costs

MacLeamy Curve

= new buildings
nbl iNstitute J

Performance based
procurement

Prioritize energy objectives
Incorporate energy targets into
proposal and/or contract

Ask teams about energy during
interview

Address equipment selection
and efficiencyin procurement

Early energy modeling
Passive Strategies
Integrated design
Repeatable strategies
Commissioning

Educate all
contractors and
sub-contractors
Air barrier testing
Beware value
engineering
Consider offsite
prefabrication

Source: Amanda Bogner, P.E. Energy Studio

© New Buildings Institute 2019



Power of Zero: Optimizing Value For Next
Generation Green

Dollars per Square Foot
0 200 400 600 800 1000 1200

 Cost for "next —
generation green” ——
projects are
approaching those
of conventional
buildings | |

 Values and %
determination are a YMmm————
key differentiator —_—

" control M Green LEED Platinum 1 NZE/LB

2013: BNIM, Integral Group, Davis Langdon, AIA COTE



From Zero Energy to Zero Carbon

Alice Sung, AIA, LEED AP, BD+C, ISSP-SA
Principal, Greenbank Associates

Think Globally

Act Locally

Photo: NASA

GETTING TO

Zero

Bish<;F'3r‘O. Dch High School | Oakland, © = sk Ky ;, » 2y FORUM 2019

Credit: David Wakely
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Space Cooling

Computers and
Electronics

Lighting

Other

Cooking
Refrigeration
Wet Cleaning

Pop Quiz

Space
Heating
45%

Water
39 Heating

18%

Measured Monthly Energy Use
(Oct 2016 - Sep 2017)

5.00

- Np

3.50

-— 1 iy
I e
LUl

10 F @ — @ — @ — @ —  —
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

kBtu/sq.ft.

050 B — = =

0.00

2016 2017

B Plug Load /
Equipment

@ Lighting

mFans / Pumps

S Heating / DHW
(Gas)

Zero Net Energy Case Study Buildings, Yolume 3
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Long Term Goal of Zero by 2050 exceeds 500 GtCo2

Global
Zero
Carbon
Goal

Global Emissions in GtCO,

50

NN
(V)
I

35 =

30 —

25 o=

20 —

15 —

10 —

5_

600 GtCO,

|

Zero x 2050

0
2020

2025 2030

2035

2040 2045

Source: Architecture 2030; Adapted from RealClimate.org “How much CO2 your country can still emit, in three simple steps”;
and IPCC SR15, Table 2.2







50% emissions reduction by 2030 < 500 GtCo2

50 T T T T
Path to .l Peak x 2020
~ 50% x 2030
Global 8_, 40 Zero x 2050
Zero G)
c 35
Carbon =
c 30
Goal k)
a 25
=
w20
©
3 15
O 10
5
3020 2025 2030 2035 2040 2045 2050

Source: Architecture 2030; Adapted from RealClimate.org “How much CO2 your country can still emit, in three simple steps”;
and IPCC SR15, Table 2.2
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Global to
National

National to
State



California State GHG Emissions by Sector- 0 by 2045
HFCs and Other Chemicals ———\

Agriculture

Recycling & Waste

Commercial &
Residential

Transportation
Other Industry

Fossil Fuel Production,
Refining, Use and
Transmission

Electric Power







What does Zero Carbon mean for my K-14 school facilities?

Space Cooling

Computers and
Electronics
Space
Lighting Heating
45%
Other
Cookin
_ J . Water
Refrigeration Heating

18%

Wet Cleaning




District

to
School
Building *

il . ’“ “
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ZNE School Building with 100% renewable electricity

Plug Load /
Lighting Equipment

If all of this \6% Y
electrical

energy use ism

sourced 18%

through

100% clean

renewables,

|t,S pOrtIOn Of Heating / DHW
(Gas)

Measured Energy Use
Annual Total
(2016 -2017)

512 MWhlyear
Measured EUI =29.9

|IF Natural Gas uses were
to be “DECARBONIZED”
using heat pump

any carbon 73%
footprint is
ZERO!

technology and
Induction/all- electric for
cooking, we get to ZERO
CARBON operating
emissions!



Metrics and Emission Factors Matter

« Understand your energy use data & carbon footprint (GHG Inventory)
» Understand the emission factor of your purchased Grid electricity
Sources are your utility, the e-grid, and other national sources such as EPA

* l.e. PG&E 2013 emission factor: 427 lbs. Co2/MWh; 1 kWh=0.427 Ibs.
Co2 This Is decreasing due to a CA mandate to 0 by 2045

* 1 kWh=3.412 kBtu ; 1 kBtu = 0.29307 kWh

* Emission factor of natural gas: 1 therm = 11.7 Ibs. of Co2
or 0.00531 Metric ton Co2/therm ; or 0.12 Ibs./ cubic ft. gas

* 1 therm =99.976 kBtu ; 1 kBtu =0.0100024 therms

« Emission factor of On-site renewable energy =0 Ibs. Co2 !

 FACT:. The cleaner your Grid or electricity purchased through a CCA or
Direct Access Is, the easier it is to get from ZNE to zero carbon!



Natural Gas use is Large Source of Carbon Emissions

Measured Monthly Energy Use
(Oct 2016 - Sep 2017)

500

4.00 r

350 b — —

300 ————L 11— —_

250 —— — — —

kBtu/sq.ft.

200 fm—— — @ — — —

1.00 } — — — - — — - -- — = —

0.50

0.00

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2016 2017

Zero Net Energy Case Study Buildings, Yolume 3

Plug Load /
Equipment
Lighting

Fans / Pumps

Heating / DHW

(Gas)

55

1 kBtu of natural gas
use = 0.12 lbs Co2

1 kBtu of electricity
Co2 depends on the
emission factor(s),
BUT

If it sourced by 100%
renewable energy,
the e factor=0!



After On-Site solar and wind,

Opt up to 100% Renewable Energy
= Zero carbon emissions

Sonoma ~{{ onsran .
B | ClcanPower B *%ﬁﬂé"}gf,”ﬂ?

Local. Renawable, Ours,

SANFRANCISCO. .

San Jose Clean Energy

MCECIean Energy .

My community. My choice.

Las SILICON VALLEY
. . SF OCLEAN ENERGY

Eama Service + Ceaner Enangy

B PENINSULA . Qhﬂmtereyeay

=" CLEAN ENERGY Community Power BAY AREA CCE’S




The
Pathway
to Zero
Carbon
Schools

Alice Sung 2019




Benchmark + ZNE + Decarbonization = Zero Carbon

NEW CONSTRUCTION SOLUTION
* Design for ZNE as all-electric building

 Target under 20-25 EUI

 Provide all electricity with Grid-optimized on-site renewables+ storage,
w/100% carbon-free purchased electricity from a clean Grid, CCA, or
Direct Access supplemented as needed

EXISTING BUILDINGS SOLUTION
* Deep Energy Retrofit to ZNE targeting 20-25 EUI

* Decarbonize by transitioning natural gas fueled equipment for space and
water heating to high efficiency (COP of 3.5-5) heat pump technology; and
gas cooktops to induction over next ten+ years

* Provide 100% renewable energy with storage




From Zero Energy to Zero Carbon

Thank You !

Questions ?

Alice Sung, AIA, LEED AP, BD+C, ISSP-SA
Principal, Greenbank Associates, asungl@gmail.com

1 2] 4 v ~ Y
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Credit: David Wakely






Resources for
Getting to Zero - -
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Getting to Zero Resources HUB

GE]-HNG TO ABOUT THEFORUM PASTFORUMS NBI+RMI CONTACT nei & Hi @

Zero PROGRAM  VENUE  SPONSORSHIP  REGISTRATION ZERESOURCEHUB  CASESTUDIES BLOG

NATIONAL FORUM

v l

Learn how zero energy schools are leading the zero energy buildings trend through policy and design.

.. 1‘&'

‘ Zero Energy Schools Resources
|
|

" . - -
STATE POLICIES & PROGRAMS SCHOOL & DISTRICT LEADERSHIP RESEARCH & TOOLS ﬂ

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

new buildings
nbl institute
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ZNE Case Studies

ULTRA-LOW ENERGY

BUILDING TYPE: K-12 SCHOOL
TURKEY FOOT MIDDLE SCHOOL
EDGEWOOD, KY

VIEW CASE STUDY

ZERO ENERGY

BUILDING TYPE: K-12 SCHOOL

HOOD RIVER MIDDLE SCHOOL MUSIC &
SCIENCE BUILDING

HOOD RIVER, OR

VIEW CASE STUDY

COMMERCIAL

BUILDING TYPE: K-12 SCHOOL

GARDEN GROVE UNIFIED SCHOOL
DISTRICT

GARDEN GROVE, CA

VIEW CASE STUDY

https://gettingtozeroforum.org/schools/

= new buildings
nbl iNnstitute J
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2019 Schools Zero Energy Watch List

new buildings
nb nstitute 9

Zero Energy
Schools Watchlist

for K-12 Schools, Colleges, and Educational Projects
The Zero Energy Schools Watchiist tracks education buildings, including

K-12 schools, higher education, and general education buildings. The
Watchiist documents the status of ZE school projects across North America
and raises public awareness of districts that are getting to zero. The 219
innovative projects listed here are aiming to consume only as much energy

as they can produce over the course of the year, helping move the needle
toward zero energy and zero carbon building performance.

High performance and zero energy schools shape the educational
landscape dramatically for the better. For example, students in classrooms
with natural light showed a 20-26% improvement on test scores compared
1o artificially fit environments'. With students spending approximately 1,000
hours per year in a school,? transforming classrooms into healthy and
productive spaces is of the utmost importance, especially when short-term
and long-term health of students and staff is at risk.

Student engagement in zero energy schools creates hands-on opportunities
for teaching Next Generation Science Standards and Common Core. These
zero energy facilities can be used as a tool to develop important skills like
teamwork, research, time management and the use of technology.

Zero energy schools have been built for little to no additional cost and
demonstrate lower operating costs over time. The money saved on energy
bills can be put back into the school. Patterns and trends uncovered in the
approaches used by these districts and teams can be shared with others,
whether they are aiming for ultra-low or zero energy performance.

A zero energy building produces as much
energy through clean, renewable resources
as it consumes over the course of a year.

eshong Mahone Group (1999). Dayighting in Schools: An Investigation info the Retationship Between Daylighting and
nance. hitp://-m-g comvdownloads/Daylighting/schookc pdf

2 Center for Public Education (2011). Time in schook: How does the (LS. compare? hitp:/Awww conerforpubliceducation
ory/Main-Menu/Organizing-2-schook Time-in-school-How-does-thelS-compare

newbulil
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Since 2010, when NBI began
tracking zero energy buildings,
educational facilities have been a
leading market sector.® The number
of zero energy educational buildings
has increased more than 110%
since 2014 due to early adopter
school districts and stakeholders
that recognized the long- and short-
term benefits of these buildings.

Zero Energy educational buildings
in North America are located across
37 states and three provinces.

The top five states for zero energy
schools are California, Kentucky,
Massachusetts, Oregon and Texas. LEN
Followed closely behind by Arizona,

New York and South Carolina.

Fueled by aggressive public policies

and “Proposition 39" funding, California has 34 buildings with verified zero
energy performance and 157 more with a publicly stated zero energy goal.

Ultra-low Verified Emerging Verified Total
California 10 72 6 88
Kentucky 4 4 2 10
Massachusetts 5 3 9
Oregon 0 8 1 9
Texas 1 7 1 9

Within the education market, 48% of the buildings are K-12 schools. However,
a variety of educational building types are pursuing a zero energy goal. 35% of
the list is composed of community college and higher education buildings. The
remainder is general education buildings such as libraries, science centers and
individual classrooms.

Zero Energy Educational Building Types

Education Breakdown I ZE Verified

M ZE Emerging

Locations of Zero Energy School Buildings

Count per City

1
2
3
4
5
6

[ 4 ZE - Verified 34 A

© ZE - Emerging 157

Count of Zero Energy
School Buildings

200
W ZE Verified
180 M ZE Emerging
€
5
Q
o
2100
<]
3
@

2010 2012 2014 2016 2018
Completion Year

K-12 School I I 48%
Higher Education [ IE— 35%

General Education I 17%
0 10 20 30 40 50 60 70 80
Building Count © New Buildings Institute

Year
Completed Project Name City

Zero Energy
Verified

State

Building
Type

Size (sf)

Total
EUl

Source
EUI

Site
RPl

Source
RPI

EUl

Net
Source  zEPI
EUl Score

Oberlin College Lewis

Contor (M) Oberin

OH

Highar
Education

13,600

87.8

36.9

1083

Environmental Tech.

Rohnert Park
Center Sonoma State (M) "oert Par

Highar
Education

Environmental Nature

ewport Baac
Center (M) (L) Newport Baach

Education

2011

EcoCenter at Heron's

Head Park (oft grid) (M) (L) 53" Francisco

senaral
Education

2,400

IBEW Local 595 Zaro Net ¢\
Energy Center (M) hooacd b

seneral
Education

45,001

Lenawee Intermediate
School District Center
for a Sustainable Future
(L]

Adrian

Odyssey Elementary
School (M)

Bishop O'Dowd High
School, Environmental  Oakland
Science Centor (M) (L)

18.0

18.6

Discovery Elementary

peevonss Arington

VA

98,000

2015

Grantham Middle School . _
Goldsboro
(™M)

2015

2015

P.S. 62 (Kathloen Grimm
School of Leadership
and Sustainability) (M)

Staten Istand

Potomac Watershed

Contor (M) hoodsex

NY

MD

Education

68,680

46.0

2015

RW Kern Center at

Amherst
Hampshire College ol

Highar
Education

16,950

2015

Sarasota Audubon

Nature Center (M) (L) UBscta

Ganoral
Education

2,500

Kay's Croek Elementary

School (M) Keyosle

54 UNA

Maui Army Reserve
Center (M)

Waikuku

01 WNA

Sbrega Technology and
Learning Center - Bristol Fall River
Community College (M)

MA

Higher
Education

1043

60.9

Spring Creek Middle

School (M) Seven Springs

K12
School,
Primary

96,000

Lakeline Learning

Center Austin

General
Education

8,000

Zero Energy Schools Watchlist | 2019 9

Ings.org/resource/2019-zero-energ

y-schools-watchlist/
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NBI's Tools for Zero Energy Schools

zer{f}energy .
Gettlng to Zero: clagieRioMM Zero Energy Schools Stakeholder
ZerO Engagement and Messaging

ZNE Project Guide

A process for plaming, designing, cansfucting,
and operating your new zero net energy building.

clapi\cpom Zero Energy Integrated Design
A< {0 W Charrette Toolkit for Schools

nbi new buildings

institute institute

i new buildings

PR, WA e
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ZEROENERGY.ORG

About  Design Tools  Technologies & Approaches

SR a2

Project Types

=

Project Profiles ~ Programs

ZEROENERGY.ORG

ZERO ENERGY
BUILDINGS RESOURCE

Guidance on creating energy-efficient buildings and districts
that can meet their energy needs with renewables.

SCHOOLS OFFICES DISTRICTS

Zero energy schools provide enhanced learning Zero energy offices provide inspiring, well- Zero energy districts provide improved resiliency,
environments, energy cost savings, and reduced designed spaces for occupants, helping to competitiveness, and economies of scale.
environmental impact. improve productivity and satisfaction.

Learn More
Learn More Learn More

© New Buildings Institute 2019



Zero Energy Process Guide Niites

A Guide to Zero Energy
By NREL and US Department Stiel Zto Enaray Ready
of Energy K-12 Schools

Paul Torcellini and Kim Trenbath, NREL
Nathaniel Allen, U.S. Department of Energy
Maureen Mcintyre, Mcintyre Communications Inc

A complimentary guide to the
Advanced Energy Design
Guide for Zero Energy
Schools

https://www.nrel.gov/docs/fy19
osti/72847.pdf

new buildings
nbl iNnstitute



https://www.nrel.gov/docs/fy19osti/72847.pdf

Advanced Energy Design
Guide (AEDG) for Zero
Energy Schools

By ASHRAE

Free download available at:

https://www.ashrae.org/techni
cal-resources/aedqs/zero-
energy-aedqg-free-download

new buildings
nbl iNnstitute

Advanced Energy Design Guide
for K-12 School Bunldmgs

ZERO
ENERGY



https://www.ashrae.org/technical-resources/aedgs/zero-energy-aedg-free-download

Seattle Public Schools Getting to Zero Resources

* The Green Resolution:
https://www.seattleschools.org/UserFiles/Servers/Server 543/File/District/De
partments/ResourceConservation/20130501 GreenResolution.pdf

* Climate Resolution:
https://www.seattleschools.org/UserFiles/Servers/Server 543/File/District/De
partments/ResourceConservation/climateresolution.pdf

* Policies and Procedures for Natural Resource Conservation:

https://www.seattleschools.org/UserFiles/Servers/Server 543/File/District/De
partments/School%20Board/Procedures/Series%206000/6810SP.pdf

new buildings
nbl institute
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https://www.seattleschools.org/UserFiles/Servers/Server_543/File/District/Departments/ResourceConservation/20130501_GreenResolution.pdf
https://www.seattleschools.org/UserFiles/Servers/Server_543/File/District/Departments/ResourceConservation/climateresolution.pdf
https://www.seattleschools.org/UserFiles/Servers/Server_543/File/District/Departments/School%20Board/Procedures/Series%206000/6810SP.pdf

Additional 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

« USGBC Center for Green Schools: https://www.centerforgreenschools.orqg/

 Green Ribbon Schools: https://www?2.ed.gov/programs/green-ribbon-schools/index.html

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

« Collaborative for High Performance Schools: https://chps.net/chps-criteria
 NREL Technical Feasibility for K-12 Schools: http://www.nrel.gov/docs/fy170sti/67233.pdf

 DOE Toolkit: K-12 Solutions for Building Energy Excellence:
https://betterbuildingsinitiative.energy.gov/toolkits/k-12-solutions-building-energy-
excellence

nbl new buildings
institute © New Buildings Institute 2019


https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager
http://www.neep.org/initiatives/energy-efficient-buildings/high-performance-schools
https://www.centerforgreenschools.org/
https://www2.ed.gov/programs/green-ribbon-schools/index.html
http://www.ncef.org/pubs/sanoffassess.pdf
https://chps.net/chps-criteria
http://www.nrel.gov/docs/fy17osti/67233.pdf
https://betterbuildingsinitiative.energy.gov/toolkits/k-12-solutions-building-energy-excellence

