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Prop 39 ZNE School Retrofit
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Welcome & Introductions



b new buildings
n I institute Redefining energy efficiency in the built environment

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

Vision Research

& E>

Thought
Leadership

Program Areas:

1. Best practices in new and
existing buildings

2. Continuous code and policy
innovation

3. Zero net energy leadership and
market development




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

. Understand the process associated with retrofitting a school to

ZNE.

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

. Apply planning and technical tools needed to achieve successful

zero net energy project planning, financing, design, construction,
and operations.

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.
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Introduction to
Zero Net Energy



Zero Net Energy (ZNE) Definitions

« Time Dependent Value (TDV):

ZNE Code Building in California Time Dependent
J Energy Value With TDV value a kW saved

. - during a3 high-cost peak hour is
« ZNE Site: A bUI/dIng that pI’OdUCGS Flat Energy valued more highly than a kW

at least as much energy as it uses Value saved during an off-peak hour

in a year, when grid-supplied
energy is accounted for at the site
boundary
« ZNE Source: A building that JM/J » LKM/ "L /‘ lk

produces at least as much energy
S it uses in a year when grid-
y 9 With flat energy value a kW
saved is valued the same for

Energy value

supplied energy (including primary

energy for generation, v % every hour of the day
transmission and delivery to the ~ Frid
site) is taken into account Monday i
Time Dependent Valuation graphic source: Heshong Mahone Group, 2002 at
« Definitions vary! http://h-m-g.com/Projects/TDV/TDVDefault.htm
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Code Cycles to Net Zero in California

Fecommended Scale

100

ZME
Target Date
50 Fesidential
l c - ZME
Eummelrjcla Target Date
Lokl et Commercial
Fesidental '
Energy Use
0
2008 2011 2014 2017 2020 2023 2026 2030

Code Update Cycles
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Code Cycles to Net Zero in California

Impacts of Building Standards on Home Energy Use

120 @mWater Heating

O Space Cooling |

100 -

@mSpace Heating

kBTU/sf-yr

70s 1978 1984 1988 1992 1998 2001 2005 2008 2013 2016 2019
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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,

5,

resilient and energy independent forik el Bistiict Science Building|Hood River, OR
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The 2016 List of ZNE Buildings

Number of ZNE Projects

2012

50 ZNEE
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The 2017 List of ZNE Buildings

Number of ZNE Projects November 2017:
63 verified

379 emerging

445 ZNE
150 ZNE §&&
2012
50 ZNE E m o
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G E | | | N G TO 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
RESEARCH CODES &POLICY TOOLS &GUIDES EVENTS NEWS

BUILDINGS DATABASE ZERO NETENERGY ADVANCED BUILDINGS OUTCOME

it € Leslie Shao-ming Sun Field Station at
| Jasper Ridge Biological Preserve

Adam Joseph Lewis Center for ;
- Environmental Studies--Oberlin College Bl OH 15,395 1
m Omega Center for Sustainable Living Rhinebeck NY 6,200 -8

Plano Elementary School Bowling Green ~ KY 81,149 26

Woodside CA 13,197 3
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ZNE Buildings in Every Climate Zone

Building Distribution by Climate Zone

17
[[1%
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ZNE and Ultra-low Energy Building Types

Multifamily
11%

Schools are Leading

Education
38%

Breakdown of Education Building Types

Education,

Higher

Education,
29%

General

12%

K-12 School Building Count

ZNE -
Verified, 9

Ultralow -
Verified,
19 INE -
Emerging,
50
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ZNE and Ultra-Low Energy in Education

— P

J : = Al A R |
GG

K-12 Schools

(WIS,
Libraries
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2017 ZE Schools: Top Five States

ZE ZE Emerging L SIEle

Verified Energy Verified  Total
CA 2 27 6 35
KY 2 3 4 9
NC 1 4 2 7
X 0 5 1 6
SC 0 3) 0 3
Total 11 63 20 94
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Growth of ZNE Educational Buildings

M ZE - Verified
M 7E-Emerging

Building Count

2004 2005 2006 2007 2008 2009 2010 20Tt 2012 2013 2014 2015 2016 2017 2018
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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 sPre_adlng the message to school
+ broader community - Healthier buildings (3\./9., 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 ener? -
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 ’Ejhﬁm m?ole lives - Change expectations of students - We are doing our part - Better test
scores and hea
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SCE - SCG
Prop 39 ZNE Pilot

Efren Villasenor P.E. — SCE Engineering Project Management
Robert Arredondo — SCE Program/Contracts Management



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

e Socialize awareness to Stakeholders
« District staff members, students, parents, & community

» Design Assistance
 Training
» Implementation & on-going maintenance of these retrofits

bi new buildings
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Prop 39 ZNE Rounds 1 and 2 Screening

e 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

nb' new buildings
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Achieving ZNE

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

Target-setting

for the whole Designing to

the target
footprint

Monitoring,
diagnosis and
correction

Building to the
design

building energy
footprint

nb' new buildings
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Utility Support

Design Incremental
Consultation Commissioning @ Cost Buy Down

Monitoring,

Diagnosis, Coordination
Correction and with Prop 39

Validation

nbi new buildings
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CEC Loading Order

Priority Priority for use of Public Good Charges

Energy Efficiency

Demand Response

Renewable Resources

Distributed Generation

nb' new buildings
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Energy Hierarchy

Use less energy
Minimising the demand for energy & cut unnecessary
use, for example switching off the television when not
watching or boiling the required amount of
water in a kettle

Use efficiently
consume optimally such as
using energy efficient lights, insulating the loft,
double glazing the windows, draft proofing
doors and windows

Use renewable energy
use energy from renewable resources such as
solar photovoltaic, solar hot-water panels, ground source
heat pumps etc. or alternatively buying electricity from
renewable energy suppliers

nbi new buildings
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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 Se:;':\ig: Z-O 18
Final Design Report December 2019

nb' new buildings
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Retrofit Case Study:

San Francisco Unified School District

Nik Kaestner, Director of Sustainability
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STEPPING UP

An Integrated Plan for Addressing Climate Change

Reducing Greenhouse Gas Emissions
to 40% Below 1990 Levels by 2030

50%
reduction Carbon
in petroleum sequestration Safeguard

use in vehicles in the land base California

50% Double energy Reduce
renewable efficiency savings short-lived
electricity at existing buildings climate pollutants

Source: CARB



All new residential construction and all new commercial construction in
California will be zero net energy by 2020 and 2030, respectively

50% of existing commercial buildings will be retrofit to ZNE by 2030

All new state buildings and major renovations shall be ZNE (2025)
50% of existing state-owned building area by 2025 shall be ZNE
IOUs shall launch and ramp a ZNE K-12 Schools and Community
College Pilot Program in 2015-18

IBEW ZNE Center, San Leandro, renovation

DPR Construction San Diego Corporate Office , Chip Fox, DG&E, renovation

Source: CPUC sl




AT A GLANCE

Dense/Urban

7th Largest 57K Students

Diverse M Poor

Renters s F U s D Private




THE JOURNEY BEGINS
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Devereaux



ZNE SCHOOLS

Source: SOM



BUILDING STOCK
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Sustainability Lite

Initial Strategies for Increasing CHPS 2009 Compatibility

Specifications

. C ..
* Consfruction storm
water (SWPPP)

* Plumbing Fixfures
* LEM Materials

= Lighfing Conirols

PSG Update

» T-24 15% Energy Perf.
* Londscaope imgafion sias.
* Require ASHRAE 42.1-2007
* Require ASHRAE 55-2007

* Require recycling arecs




Pre- vs. Post- Modernization

ENERGY

Pre-Modernization EUI B Post-Modernization EUI

Francisco MS

Monroe ES

Starr King ES

Roosevelt MS

Lowell HS

Jose Ortega ES

Cesar Chavez ES

Gordon J Lau ES

Sunnyside ES

George Peabody ES
Miraloma ES

Hilltop HS

San Miguel EES/Leadership HS
Creative Arts ES/Gateway MS

o
[
o
]
o

30 40
EUI (kBtu/Sqft)

(94}
o

60 70



WHAT ABOUT NEW SCHOOLS?




Therms Per Square Foot

NATURAL GAS

Kipp/Gateway
Willie Brown
Herbert Hoover
James Denman
Aptos
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kWh Per Square Foot

ELECTRICITY

Aptos

WB (net with solar) {/////////////////////////////////4

A.P. Giannini

Everett
Francisco
Herbert Hoover
Kipp/Gateway
James Denman

Willie Brown

0.0 1.0 2.0 3.0 4.0 5.0
kWh/SqFt



BEATING CODE IS NOT ENOUGH




KICK-OFF

Source: WRNS
Architects



WORKING GROUP

Source: Tarus
Expert
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ROLE MODELS

Espafiol Deutsch Pycckwit BARE Francais Italiano <@ |

der Valley School District - N
Excellence and Equity \v

Sign In

Greening BVSD

Awards and
Grants

BVSD Green
Policy

Energy Challenge

Green Buildings in
BVSD

Green Resources

Sustainability
Management
System

Teaching
Sustainability

Zero Waste and
Green Star
Schools

Alternative
Transportation
(leaves
greenBVSD)
greenBVSD News

2014 Eco
Champions

W04

About Us ~

New to BVSD? ~ Contact Us ~

Search... p

BVSD A-Z ‘ Quick Links ~

Jobs @ BVSD l Schools ~

Sustainability Management System

The Boulder Valley School District is building on 20 plus years of environmental stewardship and further embracing
environmental sustainability. The district hired a Sustainability Coordinator in the summer of 2008 and launched its
first version of the Sustainability Management System in 2009. The SMS is a comprehensive approach for identifying
and coordinating existing efforts, establishing baselines, defining sustainability for BVSD, and creating plans to
integrate sustainability into our operations and curriculum. The SMS is used as a roadmap for future years and is
reviewed annually. The SMS also has an annual public reporting measure which leads to accountable actions and
future goal setting.

In 2015, BVSD released the updated Sustainability Management System to reflect new 5-year goals and updated
visions.

2015 Sustainability Management System - Updated
2012 Sustainability Management System Progress Report

2009 Sustainability Management System

BVSD is striving toward net zero energy* buildings with 100 percent reuse of indoor water and
no potable water used for irrigation.

® New Sustainable Energy Plan

® 2012 SMS Report on 5-year goals related to buildings (page 3)

® Green building in BVSD S .

e Check out the green features and live data for LEED Platinum Casey Middle School! ource:
BVSD
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TECHNOLOGIES

Source:
Kadva Corp
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YESTERDAY

Source: Lochinvar



PURE JOY

Source: NY
Times




UTILITY PERKS

ok \ MO Ry 4 R TRV
PR S it

Source: SF
Public Utilities
Commission







POTENTIAL RISKS

Water Rates Utility Costs By Type Electricity Rates
$/CCF FY 14-16: Average $5.5M S/kWh
18 . 0.09
16 1 ] ] 0 el
i ‘ : o 0.07
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KNOW YOUR RATES




SHARED
SAVINGS

Champions
Data Analysis
Mini Capital
Commissioning

LABOR ISSUES

LIGHTING

LEDs

Vacancy Controls
Daylighting
Controls

o

b

ENVELOPE

Dual Pane
Windows

Insulation

Air Tightness
Solar Tubes
Light Shelves

'HEATING

Heat Pump HW
Point Source DHW

Variable
Refrigerant Flow

Solar Hot Water

RENEWABLES

Onsite Solar PV
Battery Storage
EV Charging
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Process of ZNE:
Stakeholder Engagement



Gain Support for your ZNE Vision

« Stakeholder mapping:
» Who are the stakeholders?
* What are their drivers?
* What are the key messages?

e 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!

* new buildings
nbi & 0e o
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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

Redding School for the Arts | Redding, CA

now with policies, plans and practices to get to zero.

nb' new buildings
I Nstitute ©2017, New Buildings Institute



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%."

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 windows?
Students with the most daylighting performed 7-18% better in math and reading than those without?.
daylight attended school 3.2 to 3.810 more days per year3

Students exposed to
n Pe LY\ TR ™ e P S

ery Y y-| Arlington.
Photo-Couitesy: VMDO-Architects

1. Bakoé-Biro, 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

nbi new buildings
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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.

nbi new buildings
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ZNE Supports Next Generation
Science Standards & Skills

« 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  students
Human Impacts B
» Constructing Explanations and Designing Solutions
Energy
 Engaging in Argument from Evidence
E ne rgy students

- ETS1.B: Developing Possible Solutions hink”
Energy ... among others!

* new buildings
nbl iNnstitute c
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cl=pi\leHIoM Zero Energy Schools Stakeholder
Zero Engagement and Messaging

Zero Energy Schools Stakeholder

Messaging Guide

Zero Energy Schools Stakeholder Engagement and Messaging

Effoclive icstion i criical fo gage your audence and ulimstely achiove your goa! of designing,

Gonstnucting. and operafing a zero energy (28} school. Thia document will help you to address hey questions sround your
icn effort and engage in tha intagrated 7E pmasss.

Efoctive i s around ing e cirvers that Ssions made by each stakeholdes. n the

school merket, student educstions] culcomes ere the primary diver of stekebolders. Framing messages with this driver in mind
is by to communicating with them o & level that they undemtend and that motivates them. in addition, most audences ar not
very tecniical so-focusing on outcomes rather than the tachrical way ZE wil ba schisved may ba s more successiul siraiagy.

How to Use This Document

Below is st of aversrching ahout ZE schooks. The Drivers tabie thiat follows ideniifies key
markat actors snd fhsr drivers. Finall, the Supparting Facts for Key Messages tsble cullines key messages and provides
supporting research nd facts that might appesl 1o the verious sudiences, This mformation & helpf when honing messsges
to gein support your oversl ZE i o plan, depending on 2 2

Six Key Messages for Communicating ZE

1. ZERO ENERGY: Zem energy (7E] schools ars ki energy buiklings coupled with ranewsbies tht
provice & resdy penerafion resource. A school achieves zem when the snery prodused mests o
axceeds the energy used over the oourse of & yeer. Schools ere early leeders in ZE and seve s
hubs to educste athers

2. LOWER OPERATING COSTS: K-12 schools spend S8 bilion cn anergy, mors than is spent
on computers and textbooks combined, Schoaks buit 1o 7E periormmance have lwer openating
‘costs and over fime, save monsy on energy bils that can be spent on educating students. ZE sso
recluces exposure of school budgets o the volsilty of sifling energy prices.

3. INGREASED STUDENT PERFORMANGE: Cccupants of ZE schonks bensii from heighiened
stuent performance, incressed average attendanos, better occupant healih and mproved tescher
safisfachion and retenfion.

4. EDUCATIONAL BENEFITS: ZE schoois are fving Isboratoriss, slimuating lesrming and rnovation.
Ocoupsnt engsgement in ZE schooks can provide additicnsl ensrgy savings and senve &
teaching foct for students, STEM programs and the larger communily. This grester undersianding
and daeper knowlsdge of concepts fke scisnce, math, and tachnology in relstion to ther
suroundings give students the confidence to take leadership roles in their schooks as advocates for
amvirorements! sustsinabiity and their cwn lesming needs.

5. RESILIENCY: ZE schooks are also mors resiient in severs weather events. They can create safe
havens for the commurity during emergencies since the bulding energy penerstion systams can be
islancled snd remein funcional confinuing to provide fohe and space condifioning during an cutage,
they also use daylighting end natursl vendiisson

6. GETTING TO ZERO: While 7E s the end geme for bulding sustsinabily, it is & process end can
take time to accomplish. School districts can start now on this path to zem.

2 Coting o T Do Enengy Scbuck Siakebckie Eogagerme aod Mesaaging

‘SUPPLATNG FACTS FOR KEY MESSAGES.

Supporting Facts for Key Messages

Bullding Operatars: Teachors, Sehoal Stff & Students

-i g
TR
§§§§§ HRILP
£ !"' f!u B
HHE IS
BHUERUHUT
siiitinidin

Pri

. Zero energy
The ZE marke is growing rapicly—nearl doubing every
i 1ha numibers of verified and erme s
vS?:a?ﬂiS—mendeEwdﬁm,eg:ga::gﬁ;d X X X X X X X XX XXXXX
ir-lowr schocks his grown by simost 0%
The educalion sector—particderly K- 12 schock—are
lesding with B8 propcis scoss the US. thetrescheviy X X X X X X X X X X X X X X
ZE or have s stated godl of ZE ¢ |
These wha have wated 2 ZE school came back and reperiad
they were enthused and that this idea of a g bresthing X0 X x X X
intaractve school 2 a fesskie and schisvatie reaty.

2. LOWER OPERATING COSTS

Annusly in the U5, K-12 schook spand $8 bilion on

‘energy—more than fs spent on computers and lexdbookes. X X

combined *

7 & facaly msponsiis wih tax payer dolars - f s

mors mansy beck inlo e schools becaue of lower UEY 0 X x x
£ costs,

Givert that the educaional sector GoneLmes over 2.000

srilion 573 of energy for & ypas per yesr, savings across

adistnat could mean hordece of fhousenc of dolers . X X X X
2an go back info the ciassroom or buikding s

Gemer oomuped biildngs fike school) have the best

|

payback over the long term ¢ X X x X x
. T —— e

el el e e 2o 3 e

seay oyt mog e, 2012 b it Helicknich i

Geting o v Zero Erengy Schocke Stabehcier Enagereent and Mesagng 7

nbi
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Energy Benchmarking



What is Benchmarking?

Benchmarking School Energy Use Intensity in kBtu/sf-year
is the practice of comparing the
measured performance of a 58

facility, or organization to itself, 53

its peers, or established norms,
with the goal of informing and
motivating performance
improvement.

41
22
Energy Use Intensity I

Energy use per Square foot CBECS 2003 CBECS 2012 CEUS
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Portfolio Benchmarking

Benchmark and analyze data Engagement
to prioritize opportunities for:
 Selecting which buildings angaing
warrant in-field assessments o

« Uncovering performance
iIssues and opportunities for
operational improvements

* |dentifying candidates for bomlempofation
deep energy retrofits and
ZNE pilot projects

Diagnostics

nbi new buildings
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Energy Targets



Define your Energy Target

Sources of data for absolute
energy target goals include:

» Portfolio Analysis
» Solar budget

» Modeling analysis

CA Schools EUI target - |
is 15-25 kBtu/sf-year! » ZNE building comparisons

* new buildings
nbi & 0e o



In Practice: Benchmarking and Targets

N\

« Consistently collect and analyze data
« Use information to make decisions

» Use targets in request for proposals and
building procurement process

)

REFERENCE

Owners Project Requirements)

‘Ea T cion
. ' ' L~ C . N
Combine targets with other programs to set Cmma.  RereRence \\
goals (for ex. CHPS, LEED) = BUILDING
L] DESIGN AND
. L. . 3 “l' %Wwﬁ%ﬁo CONSTRUCTION
* Document targets in plans and policies (like B scricols
e

« Ongoing benchmarking, monitoring of metrics : ) |
and evaluation of performance : AW

nb' new buildings
I Nstitute ©2017, New Buildings Institute



Getting to Zero Resources HUB

GET“'NG TO ABOUT THE FORUM  PASTFORUMS MBI+RMI cONTACT nei W K @

PROGRAM  VEMUE  SPONSORSHIP  REGISTRATION ZERESOURCEHUB  CASESTUDIES  BLOG

NATIONAL FORUM

Zero Energy Schools Resources

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

STATE POLICIES & PROGRAMS SCHOOL & DISTRICT LEADERSHIP RESEARCH & TOOLS

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

nbi new buildings
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SFUSD GOAL

Table 29. Energy Intensity Values for Zero Energy Schools

Primary School

Secondary School

CIZ|(r:1na;e Reprecszﬁntative Site Energy Source Site Energy o
d (kBtu/ft-yr) Energy (kBtu/ftz-yr) Energy
(kBtu/ftz-yr) (kBtu/ft2-yr)

1A Miami, FL 25.9 76.4 231 68.5
2A Houston, TX 24.3 71.1 21.7 63.5
2B Phoenix, AZ 247 125 21.9 64.3
3A Memphis, TN 23.8 69.0 21.2 61.6
3B El Paso, TX 23.4 67.8 20.7 60.2
3C | San Francisco, CA 21.6 61.9 19.0 543 |
4A Baltimore, MD 2 67.6 0.9 60.1
4B Albuquerque, NM 2 66.6 0.4 58.8
4C Salem, OR 2 64.2 9.7 56.4
5A Chicago, IL 24.3 69.9 21.6 62.2
5B Boise, ID 23.2 66.7 204 58.4
6A Burlington, VT 24.5 701 21.6 61.9
6B Helena, MT 23.5 66.9 20.5 58.4

4 Duluth, MN 259 74 1 22.8 65.1

8 Fairbanks, AL 28.7 82.5 250 715

Source: DOE
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OPPORTUNITIES

Bond Modernization

Facilities Projects o
AL s Monitoring (1 yr)
Deferred Maintenance

Sustainable Operations
& Shared Savings




BUILDING STRATEGY

NEW SCHOOLS

— ZNE Ready
MODERNIZATION

—> ZNE Two-Step
SMALL PROJECTS

— Guidelines
RENEWABLES

— In Due Time



HE DETAILS

STRATEGY

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

BOND PROJECTS: voter-approved funding for new construction & major rendvations provides

the best opportunity for deep energy
retrofits

MONITORING: post-occupancy
tommissioning and energy monitoring can

identify opportunities to adjust operation
10 meet design intent

OPERATIONS & SHARED SAVINGS:

preventative maintenance, energy and

water monitoring, and engagement of
SLANADIe Operat
& Shared

users prevent rising energy and water
usage as buildings age

FACILITIES PROJECTS: major repairs and deferred maintenance projects provide an
opportunity (o improve energy and water efficiency
These SFUSD Owner's Project Requirements were created (0 assist design teams in supporting the

Distrkr's ambitious 7ero Carbon goals. The following pages describe the process for incorporating
JUIy -i 20-' ? INE-ready design into new bulldings, bond modernizations, and facilties projects. in summary.
’

New Buildings will be designed to achieve an Energy Use intensity (EU) < 20 kBTUW/sfryr
SFUSD's preferred strategics for achieving such exemplary energy effidiency are outlined in the
2ZNE Guidelines 3t the end of this document. While the addition of renewable energy is generally
outside the scope of new projects, solar readiness should be built into the building,

Bond will focus. on img s 10 the lighting systems and buiiding
envelope as outlined in ZNE Assessments commissioned by the District for every project prior to
the design phase. These assessments will also look for opportunities 1o improve heating and
ventilation systems, but these items will generally be tackled in future bonds unless broken
equipment necessitates earfier action

Facilities Projects generally have limited scope and will support ZNE goals by upgrading
building clements as they wear out. In cach case, the ZNE Guidelines below and District Design
Standards + Guidelines (DDSG) will inform the design and selection of materials and/or
\\\\\W//, USRI equipment for these projects.
A s

i



THE NEW

New Buildings

Ensuring that the District's energy targets are faithfully met in new construction projects requires 3
rigorous design process, stellar Construction techniques, and attention to quality control. To ensure
the best possible outcome on each and every project, SFUSD requires architects (o incorporate the
following elements into the process of creating new builldings:

CHARRETTE: All projects will commence with an architect-led design charrette specifically
focused on identifying the strategics and systems necessary for meeting the EUI performance
goal. At 3 minimum, the Project Manager, Sustainability Office, Buildings & Grounds, Design
Team, Commissioning Agent, and Electrical/Mechanical/Civil consultants will attend

ENERGY MODELING: Buiiding form, massing, orlentation, and roof Laiyout {among other design
Parametens) have 3 significant impact on energy usage and solar energy production. Therefore,
design decisions shall be evaluated against a constantly refined energy model from the earliest
stages of 3 project. In this way, project architects will have many opportunities for course
Correction should site CONGItIoNs oF NON-energy Parameters make achievement of ZNE goals
difficult

COMMISSIONING: Commissioning agents hired by the District will be brought into the design
process early on and follow each project through design, construction, and post-oCcuPancy to
ensure that design intent is achicved as outlined in this document and reflected in the Basis of
Design (BOD). The Commissioning Plan will include design reviews, construction inspections,
furctional testing, development of a maintenance manual, and systems training (see
Commissioning Procedures in the 2016 Bond Program Procedures + Stondords Binder).

First ZNE Projects

the pro

TRAINING: in addition to the thorough training of Buildings & Grounds staff, it is critical that
building occupants are properly engaged in order to operate a bullding efficiently and obtain
feedback about building operation, Thus, the Sustainability Office will work with the
Commissioning Agent to coNdUCT rigorous Maintenance and occupant raining as well as post-
OCCUPANCY COMMISSIONING.

VERIFICATION: The Sustainability Office will monitor bullding and end-use utility data before
and after a project to see if performance specifications were truly met. Given the constrained
nature of many school sites in San Francisco, attaining low energy usage is of paramount
importance if future solar installations are to cover the entire energy demands of a site

Bond Modernizations

While new buildings can be designed and built to meet ZNE-ready status relatively easily and with
minimal additional cost, renovating existing bulldings to reach similar levels of efficiency presents a
much bigger hurdie, This is because many parts of the bullding cannot be cost-effectively upgraded.
For example, improving envelope insulation levels cannot readily be done without removing an
entire bullding facade. In addition 1o the enormous expense, upgrades of this kind do not lead to
dramatic energy savings in the mild San Francisco climate zone.

For this reason, SFUSD has decided (o hire energy modeling firms to conduct ZNE Assessments of all
sites named in the 2016 bond in order to identify the importance of various energy ency
measures in achieving an EUI of less than 20 kBTW/syr. These firms will also calculate the area of
solar generation required 1o offset predicted site energy usage. Thus, design teams will be able to
combine this Information with Project Cost estimates to select 3 package of efficiency improvements
that most cost-effectively achieves the District's EUI targets.

In deciding which rec from ZNE 1o include in the project scope, design
teams will be guided by an implementation hierarchy that calls for lighting retrofits and envelope
improvements to be
adopted first, followed
by heating upgrades,
and finally renewable
generation. in other
words, the goal is to
minimize heating load
before implementing
system upgrades,
thereby avoiding
possible oversizing of
equipment.

This strategy also allows.
the work to achieve ZNE

LIGHTING




THE RULES

ZNE GUIDELINES

Design teams working with SFUSD are asked 1o design bulldings that are
HEALTHY  maximiring daylight and air quality and minimizing harmful pollutants.
BEAUTIFUL _ encouraging pride and engagement among famiies and the community.
EFFICIENT _ reducing energy use to a minimunm to facilitate achievement of ZNE
VALUABLE = minimizing ifecyde costs and reducing maintenance 35 much as possibie.

In order to achieve adequate levels of effidency in San Francisco, design teams should consult the

Department of Energy's (DOE) Technical Feasibility Study f ols and foliow

the ZNE Guidelines below. While these guidelines are most easily implemented in new construction,
they shouid also be utilized where applicable in bond modernization and facilities projects.

ero Energy K-12 SKh

ENERGY: New buildings should be designed to achieve a modeied Energy Use Intensity (EUI)
of 15-20 kBTW/si/yr. a value that allows rooftop solar to offset yearly energy usage for a typical
2-3 story San Francisco school. Bullding systems should be “designed for off, meaning that
they will shut down without user intervention. Solar analysis during Schematic Design (SD)
should confirm that rooftop solar potential will be adequate to cover modeied energy usage

[FORM: Buildings shouid be simpie and compact, oriented to the sun, with a depth & layout that
allows daylight harvesting natural ventilation, outside views, and use of thermal mass.

MAINTENANCE: fvery effort should be made to facilitate maintenance access 1o bulding
systems (without ladders/lifts and without disturbing classes), materials should be chosen that
are easy to clean and inexpensive to maintain, and design teams are encouraged [0 expose
the functional elements of the bullding for students 10 see.

ENVELOPE: in order to minimize the heating load, wall, window, and door insulation levels
should be optimized via building modeiing to comply with the EUI target above. Exterlor
Insulation should be specfied over cavity insulation where possible. Fiberglass batts are
never allowed due to poor thermal performance in the field. Morsture and air control layers
should reside on the warm side of exterior insulation and archiedts should specify airtight
construction practices. Rain screens are encouraged to enhance durability

WINDOWS: Windows size and specifications should be tuned based on building orlentation,
with north and shaded, south-facing glass being larger and/or having higher Solar Heat Gain
Coefficients (SHGC) than east or west-facing glass. U-values should be less than 0.30 on all
sides (including roof). Where budget allows, glare and heat control should be provided via heat-
responsive glass and/or exterior shading. in addivon, interior shades should always be
provided

Thermochromic Glass

LIGHTING: Whenever possible, bulidings should utilze natural light to meet lighting needs.
Interior Iignting shall be 100% LED, with vacancy sensors (not occupancy) and daylighting
controls per Title 24 (see the DOSG for guidance on shut-off delays). Classroom light levels of
351 dies are sufficient sun tubes, or light wells should be included in

sufficient quantity to allow 2ero artificial kghting in common areas during daytime hours.
Exterior ighting should incorporate bi-level control and astronomical time clocks.

HEATING: Space conditioning should be mited 10 permanently occupied areas; 1o
conditioning is needed in 'bytft‘ P\.IUN.I""., eSUrooms, or closets. Heating shall be provided by
Variable Refrigerant Flow (VRF) systems or high-efficiency heat pumps; NO FOSSIL FUEL
BASED HEATING (natural gas) IS ALLOWED. Space heating should be controlled separately for
@ach Tone, with set points of 66-72 °F in occupled spaces. Dccupied hours should be aggressive
(M-F: 7am-6pm); the system should be off after hours and on weekends (w/the possibility of
limited duration and zone-specific overrides).

COOLING/VENTILATION: Occupled spaces should rely on natural ventilation uniess schooks
are located in close proximity to 3 major poliutant source (.8, freeway, major arterial). if
mechanical ventilation is required, schools should incorporate dedicated outside air systems
(DOAS) designed to ASHRAE 62.1 or CEC T24 requirements in permanently occupied spaces,
demand-based (CO2) controls in auditoriums, gyms, and cafeterias, and MERV 13 final fiters
throughout. The fresh air should be delivered low In the room and originate from a shaded
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THE OLD
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PRIORITIES

TRAINING: in addition to the thorough training of Buildings & Grounds SLafr, it is critical that
building otcupants are properly engaged in order to operate a bullding efficiently and obtain
feedback about bullding operation. Thus, the Sustainability Office vill work with the
Commissioning Agent [0 conduct rigorous MAINIENance and oCCUPant training a5 well 35 post
GCCUPANCY COmMISSionIng.

VERIFICATION: The Sustainability Office will monitor bullding and end-use utility data before
and after 3 project to see If performance specifications were truly met. Given the constrained
nature of many school sites in San Francisco, attaining low energy usage ks of paramount
importance if future solar installations are to cover the entire energy demands of a site.

Bond Modemizations

While new buildings can be designed and built to meet ZNE-ready status relatively easily and with
minimal additional cost, renovating existing buildings to reach similar levels of efficency presents a
much bigger hurdle. This is because many pants of the building cannot be cost-effectively upgraded
For example, improving ervelope insulation levels cannot readily be done without removing an
entire building fagade. in addition to the enormous expense, upgrades of this kind do not lead to
dramatic energy savings in the mild San Francisco climate rone.

For this reasan, SFUSD has decided to hire energy modeling firms to conduct ZNE Assessments of all
sites named in the 2016 bond in order to identify the Importance of varnous energy efficiency
measures in achieving an EUI of less than 20 KBTW/styr. These firms will aiso caiculate the area of
solar generation required to offset predicted site energy usage. Thus, design teams will be able to
combine this information with project cost estimates to select 2 package of efficiency improvements
that most cost-effectively achieves the Districr's EUI Largets.

In deciding which recor from INE A to include in the project scope, design
teams will be guided by an implementation hierarchy that calls for lighting retrofits and envelope
improvements to be
adopeed first, followed
by heating upgrades,
and finally renewable
generation. In other
words, the goal is to
minimize heating load
before implementing
system upgrades,
thereby avoiding
possible oversizing of
equipment

UGHTING

This strategy also allows
the work to achieve ZNE

10 be spread out over muitiple bond cycles, recognizing that there generally are not enough funds
Jsugned 1o each Site 10 4o all NECESSINy work in one round of MOdernizaton. In cases where unique
OPPOTUNItES arise 1o replace an entire heating system, bond sustainability funds, Prop 39 funding,
and/or support from the SF Public Utilities Commission (SFPUC) may allow a quicker approach.

The chart below summarizes which elements will be incorporated into each 2016 bond project and
which will only be included on a case-by-case basis, Design teams will consider recommendations
from the ZNE audit, synergics with other scope, available funding, and site-specific design
parameters to determine which of the Latter 1o inciude.

e R p————

Alr sealing v v
Window replacements F; v

Insulation L v

LED lighting v v

Solar tubes/skylights v v

Light shelves/shading v v v

EMS upgrades V v

Building dashboard " v

Fuel switch/transformer v v 7 v v
Heating optimization .. . ] ") ) v ")
Solar readiness b 0 v £
Piping . s

DHW reconfiguration = < J v <

‘Water fixture upgrades v v

Shut-off valves v v

RWH pre-plumbing v v

lirigation v 7

Turf replacement ) v <
Stormwater control < v v

Bottle fillers. v v

Washing machines v v

Hand dryers " vl

Trash sorting < v

Walking & biking infrastructure 7 v
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WHAT ABOUT A POLICY?

SFUSD
CARBON
REDUCTION
PLAN

July 1,2017

1
§\\“ ’f/;,ﬁ SNTATHARLE

FUSD

It

The SFUSD School Board, via its Corbon Neutral Schools Resolution, is calling on the District to
achieve the following Largets a3 it seeks to phase out fossil fuel use by 2040

Buildings

+  New buildings will be designed with the goal of using no more energy than they could
generate on site (conditions permitting)

*  New and modernized buildings will be plumbed for rainwater collection where feasibie.

The District will reduce gas usage S0% by 2030 and stop burning natural gas by 2040.

The District will reduce its water usage 30% by 2020 and 50% by 2030

Fleet

.

® Al new District-owned vehicles shall be emissions-free by 2020,
»  Diesel-powered buses will be fueled with renewable diesel by 2020,
® Al district-owned vehicles will be electric or powered by low-carbon fuels by 2030,

Renewables

* The District will strive to generate all of s own power on site by 2050.
@ The District will provide 50% of water demand via rainwater




Design for Education:
The Process for ZNE Schools

_ { E‘\\l\l‘wgllm ‘ ‘ , _uilj:'”*if l

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
nbl new buildings y v
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Request for Proposals &
Qualifications (RFPs & RFQs)

RFP Guidelines for Net Zero Energy Projects

Establish net zero energy as one of the key project objectives.

Set an annual energy use target appropriate for the net zero energy objective.
Clarify whether or not on-site renewable energy systems will be part of the RFP;

in either case, consider how they will be coordinated with building design and
construction.

Provide a well-crafted project definition, one that takes into account the opportuni-
ties and challenges of net zero energy.

If a separate RFQ is not used prior to the RFP, integrate the guidelines for RFQs
stated in the previous RFQ section.

Establish the selection process and delivery method in support of forming a trust-based,
integrated delivery team, whose members are aligned with the project objectives.

NET it
ZERO
ENERGY
DESIGN

T O M H ?AO’IFMT'e'NT

Net Zero Energy Design: Tom Hootman

* new buildings
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Owners Project Requirements

SFUSD
PROJECT
REQUIREMENTS

May 1, 2017

S i

2 SFUSD

STRATEGY

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

BOND PROJECTS: voter-approved funding for new construction & major renowvations prui.'ides
the best opportunity for deep energy
retrofits

MONITORING: post-occupancy
commiszsioning and energy monitoring can
identify opportunities to 2djust operation
o mest design intent Faciiities P

DPERATIONS & SHARED SAVINGS:
preventative maintenance. ensrgy snd
water monitering, and engagement of
UEErs prevent Fising energy and watsr
usage as buildings ags

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

These SFUSD Owners Project Requirements were created to assist design teams in supperting the
District's smbitious zero carbon goals. The following pages describe the process for incorporating
IME-ready design into new buildings, bond medernizations, and facilities projects. In summarny:

Mew Buildings will be designed to achieve an Energy Use Intensity (EUI) < 20 kBT sfyr.
SFUSD's preferred strategies for achieving such exemplary energy efficiency are outlined in the
ZNE Guidelines at the end of this document. Whilz the addition of renewable energy is generally
outsids 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 a3 outlined im ZNE Assessments commiszsioned by the District for every project prior to
the design phaze. These assessments will zlso look for opportunities to improve hesting and
ventilation systems, but these items will generally be tackled in future bonds unless broken
equipment necessitates earfier action.

Facilities Projects generzlly have limited scope and will support ZNE goals by upgrading
building elements as they wear out. In each caze, the ZNE Guidelines below and District Design
Stondards + Guidelines (DOSG) will inform the design and sefection of materials and/or
equipment for these projects.

New Buildings

Ensuring that the District’s energy targets are faithfully met in new construction projects requires a
rigorous design process, stellar construction technigues, and attention to quality control. To ensure
the best possible outcome on each and every project, SFUSD requires architects to incerporate the
following elements into the process of cresting new buildings:

CHARRETTE: Al projects will commence with an architect-led design charrette specifically
fooused on identifying the strategies and systems neceszszary for meeting the EU| performance
goal. At a minimum, the Project Manager, Sustsinability Office, Buildings & Grounds, Design
Team, Commizsioning Agent, and ElectricalMechanical/Civil consultants will attend.

EMERGY MODELING: SBuilding form, massing, orisntation, and roof layout (among other design
parameters) have 3 significant impact on energy usage and =olar energy production. Therefore,
design decisions shall be evalusted sgainst 3 constantly refined energy model from: the earliest
stagas of a project. In this way, project architects will have many appartunities for course
correction should site conditions or non-energy parameters make achisvement of ZME goals
difficult.

COMMISSIONING: Commissioning agents hired by the District will be brought into the design
process early on and follow each project through design, construction, and post-oocupancy 1o
ensure that design intent is achisved a5 outlined in this document snd reflected in the Basis of
Design (EDD). The Commizsioning Plan will include design reviews, construction inspections,
funcrional testing. development of a maintenance manual, and systems training (ses
Commissioning Procedures in the 2014 Bond Program Procedures + Standards Binder).

trained ur

* new buildings
nbl iNnstitute c
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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

b' new buildings
n I Nstitute ©2017, New Buildings Institute



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

nb' new buildings
I Nstitute ©2017, New Buildings Institute



Whole Building, Integrated Design

Climate is often
a hability

It Inste

Even small
adjustments to
operating schedules,
comfo criteria
and use

patterns

M

signif

ntilation, shading,

and others) are related to
ling site,
rganizat

major mat

Image Courtesy of Better Bricks/NEEA
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Integrated Design Charrette

Early Design Team meeting to: ewaae o
« Establish common understanding S
of project goals and energy targets ¢ . T
* Engage stakeholders y 23 o Bl Crarrts okt for Schools -
* Foster teamwork =
« Examine options and constraints oo [ e P
- Solicit feedback from decision i il e s
makers, operators and occupants _ - i
] B nbifitGeene o
* Define next steps

nb' new buildings
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(Example) ZNE Retrofit Energy
Efficiency Measures (EEM)

Measure 1: Reduced Building Equipment Energy Use

Strategy la. Receptacle Controls

Strategy 1b. Plug Load Management

Strategy 1c. Plug Load Equipment

Measure 2: Heating and Cooling Strategies

Strategy 2a. Dedicated Outdoor Air System (DOAS)

Strategy 2b. HVAC Zone Control

Measure 3: Improved Overall Building Envelope Performance
Strategy 3a. Thermal Load Intensity

Strategy 3b. Air Infiltration Testing

Measure 4: Reduced Lighting Energy

Strategy 4a. Luminaire Level Lighting Control

Strategy 4b. Interior LPDs and Exterior Lighting Efficacies Based on Solid-state Lighting

nb' new buildings
I Nstitute ©2017, New Buildings Institute




Elementary School ZNE Retrofit

900

800

700

600

500

400
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300
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Class Room

Daylighting

LED Lamps

Gym Day
Lighting Gym HVAC

LED Lampsin

Gym

Exterior Lighting

DHW

 Recepticle

W Heating

Process

| Lighting

| fans

m Cooling

BMS

AlIEEMs

— 32% Savings
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17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9
17.10
17.11
17.12
17.13
17.14
17.15
17.16
17.17
17.18
17.19

Design to the Target

Owner’s Project Requirements (OPR)
template revised November 2009

Introduction

Owner Requirements Covered Elsewhere
Project-Specific Design Goals
Occupancy & Use

Sustainability and Energy Efficiency
Building Site

Transportation & Parking

Building Envelope

Indoor Environmental Quality
Emergency or Backup Power
Telecommunications and A/V Systems

Hazardous Materials

Eurnishings & Equipment
Commissioning, Inspection, and Q.A.
Construction Completion & Turnover
Operation & Maintenance

Owner Training

Post-Occupancy and Warranty

NOTE to PM/Author: Enter the project # in the footer, left side ... delete this + other notes-to-author)

17.1

INTRODUCTION

Along with the other sections of this Facilities Program, this Owner’s Project Requirements (OPR)
document outlines functional requirements of the project and expectations of how the facility and its
systems will be used and operated. The OPR is required for LEED certification of the project, but also
serves three broader vital purposes:

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)

nbi

new buildings
institute
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Design to the Target

Building automation and controls integration ZERO NET
o o ENERGY
Making It All Work Together: Key Points s T
* Use the Owners Project Requirements (OPR’s) to @f‘%’[@ ..‘:-. ¢
guide the ZNE process ’i"i\’i‘ Qo pic
- . )hg, EC i
- Plan for Measurement and Verification Qw~g
- Beware of Value Engineering!
BOydro O Q] —ComEd [T @verge
« Controls considered from design through operation e« & v crme
. 3 BeMechosystems [y (<41 DINREL o~ e wrseeon
 Keep the Operators and Occupants in mind B —

nbi new buildings
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Controls

« User-friendly/intuitive

» Over-rides contribute to the confusion

« Consistent — across an institution if possible
* Organized

nbi new buildings
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Common Technologies for
ZNE and Ultra-low Energy

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

Highly Efficient Thermal Envelope

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

g Redding School for the Arts; CA
BU I Id I ng DaSh boa I’dS Photo Courtesy: Trilogy ’P?rchiteciu:eSteve Whittaker Photography
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The Influence of Systems on ZNE

Energy Use For Community College Buildings Before And After Upgrade

Community College
Best EUI: 28.7 kBtu/ft2 Baseline EUI: 67.9 kBtu/ft2

Savings Range from HVAC
Savings Range from Internal Gains
Savings Range from Envelope
Savings Range from DHW

Best Case

nbi new buildings
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Manage Plug Loads

FINITIONS L
P S

. 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

b' new buildings
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Operate to the Target

Computers and
Equipment
Schedule
Habits

Staffing Layout
_Controls Integration
Mal_ntE_naljce Installation
Commissioning Components

and Features

Operator training & guides

Monitor & benchmark energy
use

Engage occupants

Plug load management

« Seek continuous improvement
& performance data review

« Use operator, occupant &
public feedback

* new buildings
nbi & 0e o

©2017, New Buildings Institute



Operations Matter!

Marginal Energy Impact of Operational Assumptions, By Building Type, Weighted

Community College EUI: 76.5kBtu/ft2

Secondary School EUI: 57.3 kBtu/ft2

Primary School EUI: 56.0 kBtu/ft2

Relocatable Classroom EUI: 93.3 kBtu/ft2

m= Operations outside typical occupied hours plus extended plug load use
“* DEER Assumptions

nb' new buildings
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Arch of Continuity

Design Construction Operations & Maintenance
Team Team Team

nb' new buildings
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Engage Students & Verify Performance

VMDO Architects




Recommendations for School Districts

e Inform stakeholders

San Francisco USD * Integrate energy and facilities into learning
Sustainability Goals * Incorporate energy into policies and plans
« CHPS policies with energy targets
ZERO NET ENERGY « Owners Project Requirements
 Facilities Master Plans
« Consider energy in contracting methods
All buildings will use less than » Performance based procurement
20 KBTU/stfyr by 2040 - Support staff in advanced energy practices
https://www.earthdayeverydaysf.com/district-goals ° Be n Ch ma rkl N g

 Strategic Energy Management (SEM)

b' new buildings
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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. ldentify 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.

* new buildings
nbl iNnstitute c



Paths to ZNE

» Creating Policy/Mandates
« Setting Energy Targets |
« Benchmarking Energy Use

 Designing ZNE Curriculum

« Planning ZNE Pilot Project(s)

* |[dentifying Financing/Incentive Opportunities
» Operating and Maintaining to ZNE
 Recognition for ZNE Efforts
« Educate Yourself and Stakeholders on ZNE 8 Sante Rita Elerhentify.s

1

éholl | Los Altos, CA

n b' new buildings
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Join us!
The Second Annual ZNE Recognition Awards!

Tomorrow, November 28 from 4:30-6:00 PM
Ballroom D & E at the Pasadena Convention Center

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.

nbi new buildings
Nstitute ©2017, New Buildings Institute




Verified
Zero Net Energy

Ultra-Low Energy
School Case Study

Zero Net Energy
Project Profile
K-12 School
OVERVIEW REDDING SCHOOL OF THE ARTS
Site Details Radding Schoal for the Asts in Northern California connacts education and ars for

Building Size: 77,000 SF
Location: Redding, Califomia
Ganstruction Type: New
Construction Year: 2011
Building Type: Education
CA Climate Zone: 11

Measured Energy Stats
16-8 =8
FNEGEE  BULDNGS

BUEDIES
TOTALE  PADDUCTION B HETELR

K-8 students in a community of 90,000 paople. The schoal was originally created
n August 1988 in responsa to the rapid deciine of arls programs in local schools
In 2011, the charter school opened a new facility with an ambitious goal of e
et energy, while dadicating enly 2% of tha budget o renewable energy systems
In this project, these systems were characterized as photovoltaic solar panels,
wind generation and included geothermal bore fields. The two-story, 77,000
square feat bullding Includes classrooms, art rooms. Music and dance spaces, a
liprary and information canter, a cooking classroom and a technology room.

Planning & Design Approach
Overarching project goals were:
Usa thefacity as a teaching tool
*  Connect the indoor and outdoor environments to create a series of
contin spaces

Site Energy Use Index (L) kBuw/SFyear
e Eney o e Duing energy se s e
eneabies productin ey he nef enery ef B
g, S e s Titing 3 2o ncinave £ 0IELD
D008 35 EPRBERS (D050 SRS SUET L B 0
LB ko 510 g 0L s TS Sy

+  Use appropriate solar orentation stratedies to maximiza dayilahting
opportunities and take advantage of oulsida views.

+  Significantly reduce enargy usa by locating 39,000 SF of learning space in
protected outcloor areas

Energy Efficiency Strategies & Features
Daylighting: The design orients dlassraoms to the narth to maximize daylighting

Building Case Study

OVERVIEW

Location: Secramento, GA

Project Stze: 53,000 SF
Eonstruction Type: Ratroft
Construction Date: 1965, Retrofit in
2008, additional PVe added 2012
Bullding Type: Marutscturing tacilly
CA Climate Zone: 12

Total Bullding Cost: $2,000,000
Costft: §32

Hard costs: $2,000.000

Measured Energy Stats

17.1-17.5=-04

EmCeiE AENENMLE  BALONGE
TOTALEN  FROGWTINAR TN

Ste Eneyy |

BAGATELOS ARCHITECTURAL GLASS
SYSTEMS MANUFACTURING FACILITY

The Bagatelos Systema [BAGS) tacilty is &
retrofit of a 1964 concrete warehouse thet was renchated in 2008 ta be a 2er0
et anergy (ZHE) bulding. The £3,000-squers-foot Bagetelos Architectural Glass
Syatems manufacturing faciiy procduees custom glass curtain wall systems for
bulldngs throughout the state of California. Approximately 0% of the taclity

i decicated ta e of giass and while
the remalning space houses offices. After the company's production incressed,
in 2012 an Installation af addiionsd photouolialc (PV) paneds was necessary i
retum the S0-persan operation 1o ZNE_ Efficent lighting and mechanical gysiems
recucad the energy consumption of the facilty by 0% of the averaps for
comparsble bulldng types, and the P pansls produce encugh eleciricly ta offsst
the remalring energy load.

Planning & Design Approach

The firet s1ap of the project was ta design an Lts-eflicient bulding. Becauss
budget was & primery concerr:, Bagateks gave strong preferance fo ighly effcient

T neay Epton etk emengy s st
rnewatles pmeuctian sk he et megy of e

DmeIng. Buasge may e Gy s T e e i1
e . e i e vy 15 B e

eystems, gy fes That & commonly Lead in CONESTUCTion,
rather than higher cost advanced technologies. Bagatelos used bulding enery
modeling and daylghting modeling to esfimate the bullding's energy performance
and peovided vakable stuckss 10 identify opporunitias for sddiional fickncy
Energy that couid not recuned

further wais offset with PV panels,

OVERVIEW

Building Size: 102,000 SF

Location: San Francisco, CA
Construction Type: New Construction
Compilation Date: 2010

Building Type: Education

CA Climate Zone: 3

Energy Use: Elsctric, Gas

28 - 0= 28

auonE's FENWBLE  BULDNES
TOMLEN  MOOCDONAR  METEN

Site Energy lsa ndes

SAN FRANCISCO CITY COLLEGE

MULTI-USE BUILDING

Tha San Frangisco City Colege (SFCC) Multi-Usa Bulding (MUE) is a pioneering
project for large, low-energy faciliies. Al 102,000 squars feat, the building is cns of
the largest in tha Uinted States to rely nearly entirsly on natural ventilation to mest
fresh air and Gooling requirements

Tha SFCE Multi-Use Building houses dassrooms, aboratories, a childcara center.
caté, mesting reoms, administrative offices, and other miscelaneous spaces.
Considering that these types of end uses tend 1o usa refatively mors anergy per
area than an average building, the owrall energy usage of this building & notably
small compared to simitar buldings.

Planning & Design Approach

Policy
In 2008, the San Francisca City College Board of Trustees passed a resolution
10 cresta a Campus Sustainabity Plan'. In 200, a Governance Sustainability

Ger facully, students. stafl and administraters which
& sustainakilty initiative that wauld address emvronmental, social

Femenshles prockton ey et ey f e

and economic goals. Thay later developed the Sustainabilty Plan for Design,

g Buedngs oy b Cetog
e o el (0 e e B
L i o 20 el a1 Coaling s ey

c ol O & roadmap for an expanded incorporation of
sustainablz practices in planring, design, and consinuction. The Sustainability
Plan emphasized energy conservation and onsite and of-site renawabls energy
opportunifies and noted a focus on scucating faculty, stefl and administrators on

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

s CASE STUDIES

new buildings

nstitute
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NBI Stakeholder Resources

zerg

nergy

Getting to Zero:
ZNE Project Guide

zerg

Communications
Toolkit

energy

ZN
ZN

Integrated Design and Advanced
Technologies = High Performance

zerg/netfenergy
Design

Fundamentals

A ZNE building produces as much energy
as it consumes over the course of a year
“The traditional approach, where
the architect designs the building
shape, orientation and envelope and
then transmits the drawings to the
mechanical and electrical engineers
for their design, is a sequential
approach that misses the rich
opportunities for optimizing building
performance through a collaborative
approach throughout the design
process.”

Lynn G. Belenger, PE. ASHRAE Fellow
2010-2011 ASHRAE President

National Renewable

Laboratory | Golden, GO
Photo: Denis Schrosder, courtesy of NREL/DOE

Achieving a zero net energy (ZNE) goal for any new commer-
cial construction or deep renovation project requires a
commitment by the design team to a fully integrated process
where the interrelationships between the building and its
systems, suroundings and occupants make efficient and
sffective use of all resources. For example, many of the
completed ZNE buildings located in the coastal marine areas
of California are able to greatly reduce or even eliminate the
need for mechanical cooling by prioritizing natural ventilation
as part of their design scheme.

Integrated project delivery involves making all members of
the design team aware of the project goals and outcomes
including setting energy performance targets such as EUI
(energy use intensity) at the onset. It aiso requires engaging
project participants early in the design process, so each
member can understand how their role contributes to the
greater design of the whole project.

The Four Major Components
of Integrated Design

This team-oriented approach ensures the proper design
strategies and high performance technologies that are so
critical to the outcome of ZNE buidings are selected and
implemented in a way that maximizes effectiveness

and efficiency.

Image courtesy of BetterBricksNEEA

What is Zero Energy (ZE)?
2016

Il 2NE Verified
Buildings and Districts
Il ZNE Emerging
Buildings and Districts %01 4
Ultra-low Energy
Buildings

nNn4n

nk

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
+ Pron 39 & California IOU

* Vig 5

nbil Where h

are ZNE
Projects?

He "y

States and Provinces with
ZNE Emerging or Verified Buiidings (44)

e Number of ZNE Verified Buidings

nbi

new buildings
institute
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Getting to Zero Resources HUB

GET“'NG TO ABOUT THE FORUM  PASTFORUMS MBI+RMI cONTACT nei W K @

PROGRAM  VEMUE  SPONSORSHIP  REGISTRATION ZERESOURCEHUB  CASESTUDIES  BLOG

NATIONAL FORUM

Zero Energy Schools Resources

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

STATE POLICIES & PROGRAMS SCHOOL & DISTRICT LEADERSHIP RESEARCH & TOOLS

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

nbi new buildings
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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://www?2.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: hitp://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

nbi new buildings
Nstitute ©2017, New Buildings Institute



GETTING TO

ZEro

NATIONAL FORUM 2018

B3 April 17-19, 2018
Syetely 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 new DUIldIﬂ g
* Collaborate on opportunities for ZNE to transform the built environment n bl nstitute
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