Net Zero Energy Schools
What, Why and How
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Learning Objectives

In this session we will answer the following
questions about Net-Zero Schools.

1 Whatis a Net Zero Energy School?

A discussion of NZE definitions, projects, and programs, with a particular focus on NZE Schools.

2 Why are Net-Zero Energy Schools important?

Discussion of global trends — social, economic, climatic, etc. — that are driving the need for NZE
buildings, including schools.

3 How do you deliver a Net-Zero Energy School?

Review of 12 steps, in order of priority, to deliver a NZE school.

4 What else besides energy?

Discussion of considerations beyond energy — water, health, resilience, etc.

5 What about learning?

Discussion of how these sustainability strategies can be used to support contemporary learning.
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Infrastructure 101:

THE FAR SIDE  BY GARY LARSON

wbertoo

Freedom To Create. Spirit To Achieve.

Government
of Alberta

T W s
Suddenly, a heated exchange took place
between the king and the moat contractor.




Mandate

VISION

o Alberta Infrastructure will provide innovative, high quality and well
designed public infrastructure for Alberta.

MISSION

e Through leadership, expertise and collaboration with our partners,
support the provision of public infrastructure that conftributes to the

province's prosperity and quality of life.




What Do We Dov

BUILD, MANAGE, AND MAINTAIN PUBLIC BUILDINGS
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We are an

Deliver

Operate &
Maintain


http://www.infrastructure.alberta.ca/Content/CCC/Production/CCC1.jpg
http://www.infrastructure.alberta.ca/Content/CCC/Production/CCC1.jpg
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Key Drivers

1. Life Safety

2. Codes and
Standards

3. Asset Preservation
4. Program Elements
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Design Excellence

e |Inclusion of Processes
and Procedures in
PIMS

e Guidelines for Best
Practices in Delivering
High-Quality Built
Environment

e |EED World/Federal/
Provincial

e FUDA Awards
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INTRODUCTIONS

Sustainabillity in Alberta



Congratulations! Albertan

Infrastructure

« 185 LEED Schooils (67 Certified)
* Robust performance specification
* PV incentives for schools



...and Good Luck! Alberton

Infrastructure

« NECB 2011 Code
« LEED v4
 Carbon levy

* Energy Disclosure requirements
« CAGBC Zero Carbon Framework



Remember this!

1. What exists is possible.

You are creating the future now.

Conservation first.

el A

People matter.



WHAT

IS a Net-Zero Energy School<¢



Net Zero (site) Energy

::#Eft E heating Net Zero Energy Building = An energy-efficient
building where, on a source energy basis, the

actual annual delivered energy is less than or
@ []:I lighting equal to the on-site renewable exported energy.

(USDOE 2015)
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@ hot water (Oregon Sustainability Center)



Energy Use Intensity (EUI)

EUI (kBTU/sflyr)
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NZE Is a growing market...

Number of ZNE Projects

ZNE Verified
Buildings and Districts

ZNE Emerging
Buildings and Dis

Ultra-low Energy
.Bldg

b new bulldings
©92016 New Buildings Institute | newbuildings.orq n IlﬂSJ[ltUte



And it's everywhere...
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States and Provinces with
ZNE Emerging or Verified Buildings (44)

P e
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ﬂ Number of ZNE Verified Buildings

©2016 New Buildings Institute | newbuildings.org



Who's doing it...

ZNE and Ultra-Low Energy
Building Types

Public Assembly
%

Multifamily
11%

Education
38%

Other
21%

Office
23%

b' new buildings
©2016 New Buildings Institute | newbuildings.org n ImStltUte
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NREL Research Support Facility

RNL Design/Stantec




CUT-AWAY PERSPECTIVE

NREL Research Support Facllity

RNL Design/Stantec
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72 kBTU/sf/year

54 kBTU/sf/year*

33 kBTU/sf/year

29 kBTU/sffyear

26 kBTU/sffyear

25 kBTU/sf/year

24 kBTU/sffyear

21 kBTU/sf/year

20 kBTU/sffyear

18 kBTU/sf/year
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Elementary/Middle School Performance (kBTU/sf/year)
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Rain water cistern, wind turbines and native gardens offer hands-on
opportunities and 1,096 solar panels contribute to net-zero energy use.




Outdoor classrooms and gardens expand the learning environment.
Sustainability features are displayed throughout the school acting as learning tools.







Elementary School
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Horry County Elementary Prototype

SFL+A/Stantec



Horry County Elementary Prototype

SFL+A/Stantec



Horry County Middle School Prototype

SFL+A/Stantec




Horry County Middle School Prototype

SFL+A/Stantec



W T Initiative

Maryland Energy

Powering Maryland's Future



Program Authorization

 On February 17, 2012, as a result of Maryland Public
Service Commission (PSC) Order 84698 relating to
the merger of Exelon Corporation and Constellation
Energy Group, a $113.5M Customer Investment
Fund (CIF) was established.

« On November 8, 2012 MEA was awarded SIM of
CIF funding from the PSC for the purpose of
designing and constructing three (3) new Net Zero
Energy schools in the Baltimore Gas and Electric
service territory.

 MEA works with the Maryland Public Schools
Construction Program (PSCP) to identify and
administer the program.

| Maryland Can Be A Mover



Why was this Program
Enactede

« At the time of MEA's application, there were only
six net zero energy (NZE) schools in the nation.

* Implementing a successful Net Zero Energy School
would establish Maryland’s position as a “green
energy leader’.

« Teaming experienced NZE school designers with
local architect and engineering firms (A&E) would
improve the NZE school design expertise of local
A&E firms.

| Maryland Can Be A Mover



Eligibility / School Selection

« Should be a new school (no refrofits).
 Must be in the BGE service territory.

« Schools selected by MEA through discussions with
the city and county school districts, and with the
Maryland Public School Construction Program. To
date, no application form has been required.

| Maryland Can Be A Mover



Design Requirements

« Net zero (site) energy (all fuels considered)
« <25 kBtu/ft2/year (MEA requirement)

« Must consider all school uses, not just daytime
educational use

 MEA funding support provides incremental cost
reimbursement for design and construction from
LEED Silver to Net Zero Energy

| Maryland Can Be A Mover



Program Overview

Howard County Rory Spangler,
Public Schools SRA (Program Manager)

Grant Document I\/\EA

_______ - NZE Schools
Information Progrom

County Public

School System

Architect of

Design Review
A/E firm

Record Design Support

. A/E firm
A/E firm

2rw Consultants,
Stantec Architecture

S22 M S$500K

| Maryland Can Be A Mover



Program Godadl

Teach a Man to Fish -
p Set a New Normal in Maryland

Once we build up expertise in Maryland, we

won't need to subsidize. Other states are well

on their way in net zero school consfruction —

and only the first few schools received exira
state subsidies.
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Wilde Lake Middle School

TCA Architects




Wilde Lake Middle School

« EUl target of 25 kBTU/SF/year

It's not that tough...

« Reluctance to modify prototype

« Lacked incentive for exceptional performance

 Paid extra for renewables

WE CAN DO MORE!



Graceland Elementary

Grimm + Parker Architects



Graceland Elementary

t\‘

Total MEA funding...

Funding split/school..
Cost of PV *

PV syste 2 ‘
Energy p

Building area (sf)
Target EUI (kBTU/st/year)

.. $2,800,000
..$1,400,000
. $3

467
1,592,267
37,321

18.2



IS Net-Zero Energy important for schoolse



SCHOOLS:

hold precious cargo,
have a long life span,
primary function is during the day,
are de facto centers of community,
are learning environments,
and are powerful symbols of our society



VS

People
. want what

A is best for
, their kids!




thousand students

and ‘
thousand faculty

1 of Alberta’s population
; A
0,
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Navy escorts U.S.-flagged commercial ships in Strait of

BREAKING NEWS : -
Hormuz after Iran's seizure of a ship Tuesday

POLITICS

U.S. in Historic Shift on CO2

Businesses Brace for Costly New Rules as EPA Declares Warming Gases a Threat

By JONATHAN WEISMAN and SIOBHAN HUGHES
Updated April 18, 2009 11:59 p.m. ET

‘WASHINGTON -- The Obama administration declared Friday that carbon dioxide and
fi ther industrial emi the planet. The landmark decision lays the

groundwork for federal efforts to cap carbon emissi ata 1 cost of billions
of dollars to businesses and government.
The i ion Agency finding that the emissions endanger "the health

and welfare of current and future generations” is "the first formal recognition by the
U.S. government of the threats posed by climate change,” EPA Administrator Lisa
Jackson wrote in a memo to her staff.

The finding could touch every corner of Americans’ lives, from the types of cars they
drive to the homes they build. Alnng wnh carbon dioxide, the EPA named methane,
nitrous oxide, b and sulfur hexafl ide as
deleterious to the environment. Even if the agency doesn't use its powers under the
Clean Air Act to curb greenhouse gases, Friday’s action improves the chances that
Congress will move to create a more flexible mechanism to do so.

Ona call Friday with envi; lists, EPA officials stressed they would
take a go-slow approach, holding two public hearings next month before the findings are
official. After that, any new regulations would go through a public comment period,
more hearings and a long review.

increases stretch from 25% to 50% and beyond, depending on the climate change

y process of soliciting

strategy that finally emerges from Washington,

A proposal by President Barack Obama would cap the emissions of greenhouse gases,
then force polluters to purchase emission permits, which could be traded on the open
market. The details of the cost of carbon credits have been left to Congress, although
Mr. Obama has said he wants all emissions covered, with no allowance for free
emissions, as some business groups and lawmakers want.

Heavy carbon emitters, such as utilities that rely on coal-fired pawer, would pay ahefty
extr:

price, but the cost of

ut unless superseded by technology.
stricter emissions limits.
and oil refineries to car

to reduce

permits from companies that emit less or can

Reglllatlon, on the other hnnd, would probably exclude such flexibility, and simply force

‘would be i by
ily adapt with energy-saving

also see a more favorable playing field in

ting some companies.
tsburgh, says it is

Congress than with EPA regulators, who do not have to face the voters.

"We're pretty confident that Congress is going to he much

ause of uncertainty i Chall more ive to th ic impact of this than some

us. gas emissions 1 dlk " said Hank Cox, a spokesman for

in 2007 by sector;in bilions of 16 National Association of

metric tons of CO, equivalent.

Easeinee "% The impact of the EPA finding could be dramatic. Using

the Clean Air Act, the EPA could raise hlel-eﬁficiency other renewable energy if coal-
otal \ for iles, such as by it could present technological
ly resisted calls for stronger action on climate ionwide adoption of California’s rules f |
finding. tailpipe emissions.

years ago, when the Supreme Court found that
'r the Clean Air Act and declared that the EPA can

nits greenhouse gases.
es a big step closer to European Union nations, which
ng to move dirt, we would
il there’s some clarity,” said
Vi ident of i to;
i 0oe lent ot tnvestar ps that have long blocked action on climate-change

nse, saying Congress now must act on legislation
ility in meeting emissions targets than rules

i atified the Kyoto climate treaty.
Bill Clinton, who signed the pact, thor of ping climate change
ﬂ:‘m?mm didn't submit it to the Senate for ratification
because of strong opposition to the deal,
which didn’t impose greenhouse gas limits on ”It's now no longer a choice
China and other developi; i id ge W. Bush also didn’t submit the between doing a bill or doing
el comVericles[SB123097738881424275. nothing,” said the lawmaker,

EPA — April 2009

10 who will hold four days of
0s climate change hearings next
05 weekbefore the formal drafting

I = B . of abill begins the last week of
April, "It is now a choice

2 : - &2 between regu]ahon and

0 0 R

19 %5 20 5 1m0 % 20 05

“Agustet for it Sosce Eversyfarmation Aomitrtien
Lamar Alexander of Tennessee,
chairman of the Senate

Republican Conference, sought a middle ground, proposing to focus carbon caps on
coal-fired power plants and vehicle tailpipes -- and holding off any move until the
nation emerges from recession,

American Electric Power, a utility giant with 5.2 million customers in states from Texas
to Michigan to Virginia, is already considering what coal plants would have to be
shuttered and how high rates would have to go t« ply with eithera yor
legislative mandates to curb carbon dioxide. AEP spokesman Pat Hemlepp said rate

)bama prefers a legislative

and Commerce Committee will
bon emissions and sell

n dioxide. The White House will

could require auto makers to produce more hybrid
d electric vehicles, such as the Chevrolet Volt plug-in
d under development by General Motors Corp. The
‘a sticker of about $40,000, or roughly twice the price

force new power plants to include emissions-reduction
- whether emerging technologies to capture carbon-

“Emissions
endanger the
health and welfare
of current and
future generations”






Oll Consumption Per Capita

SOURCE: http://upload.wikimedia.org/wikipedia/commons/9/9a/OilConsumptionpercapita.png
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SOURCE: http://upload.wikimedia.org/wikipedia/commons/a/a3/Electricity_consumption_per_country_map.PNG



US ELECTRICITY CONSUMPTION

Note: Projections are based on an average nuclear plant capacity of 820 MW.

©2008 2030, Inc. / Architecture 2030
Data Source: US Energy Information Administration

2/3 of power generated

is never used!

Electricity Generation

Total Consumption (QBtu)

45 New Nuclear

Power Plants
*3 QBtu Primary Electricity equals approximately

1 QBtu Delivered Electricity (2 QBtu in losses)

50.0 —

Delivered
Electricity

30.0

20.0

10.0

Production and
Transmission Losses

0
2005 2010 2015 2020

2025

A

1 QBtu*

15.1 QBtu

33.2 QBtu



World Cities

Carbon Emissions per Capita and Urban Density
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ENERGY CONSUMPTION ELECTRICITY CONSUMPTION

Buildings 47.6%

(45.2 QBtu) Building Operations

74.9%
(28.6 QBtu)

Industry

Industry 24.4%
24.9% (2.5 QBtu)

(23.2 QBtu)

Transportation
<1% (.1 QBtu)

Transportation 28.1%
(26.7 QBtu)

BUILDING ENERGY SOURCES

. Nuckear14.7%

Buildings
& Energy

Source: US Energy Information Administration

Liquid Fossil Fuels
8.2%




'CHITECTS TO PHASE
OUT CARBON BY 2050




- Budgets are tight and Total Cost of Ownership

getting tighter

« Facilities operations 50%

costs are second only
to staff salaries

 Every dollar saved in
operations can be
spent o meet other
needs

Cost of Ownership

1%

u Construction
® Financing

« Alterations

u Operations



Electricity Rate- 58% Increase

ege Water Rate- 42% Increase )
l ' '|' I ‘ I '|' < O S '|'S Northeast High School Northeast High School
2006 - 2008 =2006 = 2008

0.1314

2.86

Electricity
(rate/ kWh)

Water
(rate/ thousand gallons)

Total Energy Cost - 42% Increase
(between 2006-2008*projected)

$350,000

$300,000
$250,000
$200,000 ——
$150,000 |——
$100,000

2006 2007 2008~




REDUCE ENERGY
& BUILDING COSTS

- s e

¥

INCREASE STUDENT
PERFORMANCE AND
ENGAGEMENT




Do you deliver a Net-Zero Energy School?



Build the ‘I 2
Team

Utility Companies
Renewable Providers
Energy Modelers
Grants/Donors
Building Operators
Great Consultants
Great Contractors



Site EUI (kBtu/ft*-yr)

Benchmark ‘I ‘I
Energy Use

Average School
ASHRAE 90.1/LEED
NECB 2015

B Service Water HeaTng
[ Heating

Set Aggressive Targets

MFans

@ Cooling
“|Olnterior Lighting
O Exterior Lighting

MInterior Equipment |

3A 3B 3C 4A 4B 4C 5A 5B 6A 6B T7A

DOE Climate Zones

Credit: Department of Energy Publication - the Advanced
Energy Design Guide for K-12 Schools
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Site &
ientation

Or

E-W AXis
Solar Access




Form &
Massing

Simple Compact Form
Area to Envelope Ratio
Minimize Roof Equipment




Building
Envelope

Mind the GAP!
Continuous insulation
Minimum R40 Roof
Minimum R20 Walls
Alr barrier

Consider ICF

GWP of insulation



Aperture 7

Window to Wall Ratio
Exterior Protection
Glazing specifications
Watch the substitutions!




Advanced
Lighting

Daylight harvesting
All LED (almost)
User-friendly conftrols




Advanced
Systems

Right-Size Equipment
Geo-exchange
Dedicated Outside Air
Energy Recovery

Demand Control
Displacement Ventilation

Natural Ventilation
Don’t forget the kitchen!




Building
Controls

Keep it SIMPLE
Responsive to Users
Learn from the Building

\

P
Kl

NATURAL VENTILATION

Every classroom has windows that can be
opened. When the outdoor temperature
and humidity is just right, this green light
will turn on. That means each classroom’s
heat pumps have turned off to save energy
and it's a great time to open the windows
and get fresh air from outside. When the
light is off, make sure the windows are
closed tightly.

VMDO Architects



Plug Load
Control

User education

Policy & Procurement
Laptops & tablets
Building-level leadership
Get kids involved
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Conservation first!
Use your roof wisely
Learning tools




Operations ‘I

User/Operator Training
Commissioning
POE

CBE survey
www.cbe.berkeley.edu



http://www.cbe.berkeley.edu/

Modeling at every step...

Schematic Design

Design Development

50% 90%
v v
| |

|

|

|

LIGHTING
LOADS

|

|

|

|

|
Energy
LEED
Report

Load Modal &
Final

Equiprment

Sizing

Utility

Program

Enrcliment

Construction Documents

90% 100%
v v
| |
| |
| |
| LIGHTING __ | |
| |
|
|
REBATES & ENERGY
COMPLIANCE :
| |
| |
| |
| |
| |
| |
| |
| |
Final Energy
Energy Compliance
Report Documents
LEED Utility
Energy Submission
Submission
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6X

cost to generatfe vs. conserve energy
(so don't forget about existing buildings)




WHAT does this mean for
the Ownere

« Possible higher first cost

« Lower operating cost

« A smarter building

« Continuous Cx — monitor, evaluate, tweak, repeat

« Building as aresearch / teaching tool - “pass it forward”

« Changing procedures / habits - non-grease cooking,
cleaning, security lighting, purchasing, etc.

« Saved operating costs can be used for funding
education programs



WHAT does this mean for the
Design Teame

« Infegrated design

* Increased effort for site adapt (versus standard
prototype)

 Leave no energy efficiency opportunities unturned

* |nvestigation of recent / emerging technologies and
practices

« Educating the Owner on recommended technologies

« Consideration of inventive ways to use the building as @
research / teaching tool

« Post occupancy monitoring & evaluation






NETZERO

ENERGY BUILDING
CERTIFICATION®

International Living Futures Institute



Living Buildings Challenge

LIVING BUILDING CHALLENGE 3.1

LANDSCAPE +
INFRASTRUCTURE

SCALE JUMPING 03. HABITAT EXCHANGE

MWATER __ SCALE JUMPING | OS. NET POSITIVE WATER
ENERGY SCALE JUMPING 06. NET POSITIVE ENERGY

HAPPINESS

SCALE JUMPING | 11. EMBODIED CARBON FOOTPRINT

15. HUMAN SCALE + HUMANE PLACES

Z 16. UNIVERSAL ACCESS TO NATURE + PLACE
]
I

SCALE JUMPING 17. EQUITABLE INVESTMENT

20. INSPIRATION + EDUCATION

BUILDINGS RENOVATIONS

EQUITY

International Living Futures Institute
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Frederick County Mid




Net-Zero Wﬁq’rer

-«

RAINWATER

G

ARTESIAN WELL o i
-
ABOVE GROIND CETERN
> AND RAIN GARDEN STORE
— - AND LEE RAHWATER @E
: o
THEWELL SOUR CES I H
WATER OVER 400 FEET
BELOW GROUND AND \.—._-__——_-——-. 0 T - - ———— -, : STORMWATER
AW A ] ] 1 -~ -
(] ] ] I 1 L v v v v v o
1 POTABLE WATER T RAINWATER I ! -
CISTERN cistern b e e e . AR RC
l I ' I l‘ AND RECLAWED BOULDERS
SLOW THE MOVENENT OF
Rt A A e e st A ‘]OO% 3 Lk
B e e e e e S SSSACD0 e e e e S

WASTEWATER
OF THE SCHOOL'S WATER COMES FROM THE SITE, WHICH MAKES IT

NET ZERO WATER &

COLUMN W/ INTEGRATED SCUPPERS CHANNELS EDUCATIONAL FOUNTAIN PROVIDES AN ABOVE-GROUND CISTERNS AND RAIN GARDENS AT THE END OF
RAINWATER AND DIRECTS IT (ALONG W/ WELL & OPPORTUNITY TO COMPARE WATER QUALITY EACH SLC WITH NATIVE SPECIES FOR EXPLORATION AND STUDY OF
STORMWATER) TO WATER QUALITY FOUNTAIN FROM THREE SOURCES OF SITE WATER LOCAL ECOSYSTEMS

Frederick County Middle School



Net-Zero Water

Frederick County Middle School

WASTE WATER TREATMENT

The Waste Water Treatment System is a part of a closed loop at FCMS. They do not pump clean or dirty water on o off their site. Water is col-
lected on site from wells and aguifers and then used in the school, The used water is then processed through the Waste Water Treatment System

1 site. They treat the water with an aerobic

tem and then use natural systems to help fifter the water. This limits the amou

int of water runoff

that poliutes local water ways and the Chesapeake Bay. Please be mindful of our rivers and watenways and do not pallute. Help the worid by not
using an excessive amount of the 3% of freshwater on Earth.

Below is a diagram depicting the different sites for the different processes in FCMS's Waste Water Treatment System

G & @O ®® &

SCHOOL

CONTROL
BUILDING

TREATMENT
CONSTRUCTED
WETLAND
SUBSURFACE
DRIP FIELD

WASTE WATER

CLEAN WATER

A control building controls all the water treatment system

Series of tanks treating the dirty water with aerobic bacteria
and other methods.

Afield with pipes running beneath the surface releasing wa
ter into the ground surface.

Afield with pipes running beneath the surface releasing wa.

ter into the ground surface.

Used water collected from school ready to be processed
through waste water treatment system.

At the end of the loap, water is cleaned and ready to be re-
use in school.




WELL Building Standard

WELL CONCEPT CONCEPT FEATURE
Quality standards including filtration, cleaning
protocols, microbe control, material safety
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Testing and monitoring to control public

water additives and system contaminants

Promotion of healthy food options, nutrition

oWt o NOURISHMENT labeling, safe food preparation and sourcing
Q"\? \\\\
& \o\ Glare free and circadian lighting design, effects
WELLV)E _ o
cotozois | [fi of surfaces & contrast, light quality, daylighting
7 Active design, enhanced ergonomics, activity

incentives, and structured fitness programs

Physical and visual ergonomics; thermal,
COMFORT

WELL\\ olfactory, and acoustic comfort
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Organizational policies and transparency,
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biophilic design, flexible and adaptable spaces
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Resilience
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Resilience

PILLAR1
Safe Learning Facilities
Safe site selection
Building codes
Performance standards
maintenance er education
Nonestructural Construction as
mitigation educational
Eire safety opportunity
School Disaster PILLAR 3

Physical & Environmental Protection Formal curriculum

Response Skills & Provisions Integrations & infusion

Representative/participatory Teacher training & staff development

SDM committee Consensus-based key messages
Educational continuity plan Extracurricular & community-based
Standard operating procedures St
Contingency planning
Household disaster plan Multi-hazard risk assessment
Family reunification plan Education sector analysis
School drills Child-centered assessment & planning

Source: UNISDR and Global Alliance for Disaster Risk Reduction and
Resilience in the Education Sector, Y*Comprehensive School Safety,”
htp://gadrrres.net/uploads/files/resources/ Comprehensive-School-
Safety-Framework-Dec-2014.pdf.
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| EARN

What about learning?



Learning

Thoughtful
Building
Design

Thoughtful
Curriculum
Design

Enhanced
Engaging

Learning
Experiences







SLIDE UP FOR ANSWER
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What is the opportunitye

« LEED Certified and NZE (ready) schools
* Build on the performance specification

* Leverage carbon levy to support projects
and build capacity

« Reduce O&M costs
* Provide engaging learning opportunities



I&A

What do YOU want to know about Net-Zero¢



