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Introduction

e Schools spend $7.8 billion on energy per year: more
than computers and textbooks combined

 EnergySmart Schools estimates energy bills could be
reduced by 25%

e This afternoon...
— Features of High Performance Schools
— Review of Guidelines Format and Content
— Examples from Districts Nationwide

ﬂfﬂ&ﬁ ESS is Part of the Department of Energy’s
Office of Weatherization and Intergovernmental

_ ol Rebuild America Program
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Major DOE National Laboratories
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Office of Nuclear Energy
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Major NREL

hrusts

wind Only National Lab Dedicated to RE and EE

e Large Scale
 Low Speed
Solar
 Photovoltaics
 Solar Thermal
Biomass

» Biorefineries

* Biosciences
Geothermal

Hydrogen

e Production

e Storage

o Delivery & End Use
e Systems Integration
Distributed Energy

e Distribution &
Interconnection

 Thermal Systems
» Superconductivity

Vehicle Technologies
e Hybrid Vehicles

e Alternative Fuels
Utilization

Building Technologies
« Building Efficiency
e Zero Energy Buildings

Federal Energy
Management

Basic Energy Science
 New Materials

 Chemical & Biological
Sciences

Analytical Studies
International

o #HRTEL national Renewabile Energy Labaratory



High Performance Schools mean
High Performance Students

Students with the most daylighting
progressed

— 209% faster on math tests,

— And 26% faster on reading tests over a one year
period

(Heschong Mahone Group 1999, 2003)

Better teaching environment
Cost savings

Environmental savings
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HPS Component: Teaching Resource

Energy Efficiency, Renewable Energy and
Open Building Systems on Campus are

effective ways to integrate math and science
activities into daily study life




Many shades of green...

I ' I I' I : D High Performance

U.S. Green Building Council

Sustainable Building
Industry Council

ASHRAE :
Greenﬁmdf‘i
i ol Energy Star for
) . =t Buildings Award

+
ik lmE b7 T

American Society of
Heating, Refrigerating, and
Air-Conditioning Engineers




DOE Guideline Documents

e National Best Practices National Best Practices Manual
Manual o Pt g
— Architects, Engineers,
Project Managers -
e Energy Design
Guidelines for High
Performance Schools

— Architects, Engineers,
Project Managers

— Superintendents,
Principals, schools
boards, Administrative
Staff




Climate Zone
Specific

Accounts for climate -
dependent variability in v B

Climate Model City Location Summers Winters
Hot and Humid Orlando Gulf Coast Hot and humid, long Mild, short
Temperate and Humid ~ Atlanta Southeast Hot and humid Cold
Cool and Humid Boston Northeast, Mid-West, ~ Warm and humid Cold snowy
Southern Plains
Cold and Humid Minneapolis Northern Plains Short in duration, but ~ Long in duration, very
warm and humid cold
Hot and Dry Phoenix Southwest Desert Hot and dry Clear and mild
Cool and Dry Denver Western states Warm and clear Clear and cold
Temperate and Mixed  Seattle Pacific Coast Clear mild Long, overcast and

mild




Topics Covered Reflect Interaction
of Building Components

o Site Design

« Daylighting and Windows

» Energy-Efficient Building Shell
e Lighting and Electrical
 Mechanical and Ventilation
 Renewable Energy

« Water Conservation

 Recycling Systems and Waste
Management

* Transportation Energy Design Guidelines
 Resource Efficient Products for High Performance Schools
e Checklist

Case Studies




Emphasis on the
Whole Building as a System

Evaluate a wide range of energy-efficient strategies,
working together

Passive solar heating

L High Efficiency HVAC
Day!lghtlng Better HVAC Controls
Better windows

Energy efficient lights Economizer cycle
and ballasts Reduced infiltration

Lighting controls Reduced duct leakage

Insulation Photovoltaics

Thermal mass Distributed Generation
Combined Heat and Power

Shading

3
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Cross-Cutting Issues

Goals/Cross-Cutting lssues

Technical Chapters

Health and
lAQ

Thermal
Comiort

H

|

Acoustic

2]

1

15}

Ecosystom
Frotection

Water
Efficiency

Matorials
Efficiemcy

Building as

& Teaching
Tool

Site Desxgn

D h nd
Windows

Efficiant
Budding Shedl

e o @®

T
Syslems

Mechanmcal and
andilation
Syelems

Renswahla
Syslams

oo o |0 o0 2

Water
Consarsation

Transportation

Resaurce.-
Efficiant

Produ




Opportunities in the Design Process

Opportunities to Achieve

a High Performance School

or.... Code can act as the driver

Construction
Management

Construction
Development| Documents

Commissioning

General Contractor

Bidding &
Megotiation | Construction

Commissioning

Building Department

Field
Inspection

Owner

Acceptance

Code phase can be here

Time

{:}mmwmmmm




National Best Practices Manual
Comprehensive Format

Recommendation:

— How to apply the high performance design concept or
technology

Description
— Detalled information on the strategy or technology
Applicability Chart

— Indicates applicability to particular spaces, climate zones
and design process steps

Integrated Design Implications

— Describes the implications the design strategy or technology
may have on other building systems

Cost Effectiveness

— Cost/Benefits of the design strategy on a system and overall
project basis

-;:E-m Mational Nenewabile Enevgy Laharstory
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National Best Practices Manual Format

e Benefits

— EXxpected benefits from the implementation of HP design
strategies and technologies

e Design Tools

— Applicable design tools including software that determine
benefits and costs

e Design Detalls
— Rules of thumb, Specifications, Schematics

e O&M Issues
— Potential O&M concerns and strategies

e Commissioning
— Qutlines need for calibration, functional tests, static tests

 References
— Sampling of documents, websites etc....
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GUIDELINE SD1: OPTIMUM BUILDING ORIENTATION
Recommandation
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Description
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GUIDELINE DL2: HIGH SIDELIGHTING—CLERESTORY

Cost Effectivenass
L
Cost impiications exist mainky in the design phase. Resulting cost savings will ba E il ]
demonyinaied l.‘!.lﬂl'll; i iy o) e DRI wiith Ioaesrad |'IIE|1'.I'I:I mnd €00 _ju) r-:qulrwer'.l LT
L&H
Banelits Bsaliy

Fnduimd orsigy conaum phon wil fasull n eoal apnngs e mar-roied heatrsg and coing, The
arangemenl of nbnig and Guldaar spacas with Boughiie sear anenlalian alows aplmal natuns) Eghbng
and uier-inerdly apaces, Studing havs shinem Thal ahelorts in daasmodms with [he meal daylighbng have

Recommendation

Use high clerestories in perimeter walls to increase
daylight delivery deeper in classrooms, offices,
libraries, muliipurpose rooms, gymnasiums, and
administrative areas.

Description

High sidelighting clerestories are vertical glazing in
an extenor wall above eye level usually above 7
ft). Because the penetration of daylight from
vertical glazing is about two fimes the window head  Applicable climates:
height, moving the window higher in the wall
increases daylight penetration in the space.

Applicability

High clerestory windows can be used in all school
spaces to provide deep penetration of daylight.
They are applicable to all climate regions and

Clersstory windows provide a mors uniform distnbution of
daylight across the space. NRELPI 11404

should be planned in the schematic design phase. Ppplicable Spaces When to Consider
Classrooms Programming

]'ﬂfegrafed Desjgn jmpﬁcam Library Schematic
Multi-Purpose Diesign Dev.

» Design phase. High sidelighting requirez high Gym Contract Docs.
ceilings and perimeter walls. Morth and Corridors Construction
{shaded) south orientations are preferable, Administration Commissioning
although east, and west orientations can be fe Operation

acceptable if diffusing glazing is used, or if low-angle sun penetraticn will not be bothersome in the
space. High sidelighting is most appropriate for open plan interior layouts that allow unobstructed
daylight penetration. It should be considered in the early schematic design phase.

« Balance with other daylight needs. Applied fo one wall, this approach creates a decreasing gradient
of useable daylight about two times the clerestory head height into the space. Spaces of 20 fi to 40 ft
in width {classrooms, efc.) can be balanced with a daylighting scheme on the opposite wall to provide
even lighting across the entire space. View windows should also be provided. The total glazing area
should ke apportioned among these nesds.
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GUIDELINE MV6: DISPLACEMENT VENTILATION SYSTEM

Description

Diaplastirmil wirtation fywlimd ane difsrent Fom
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Thi gl of dhaplacamant syibima i ol 1o eoal the

e, biat foe ¢l the occupants, Gool air figwn
il the Tl il it firclh wern Eeicin, A B 20 i
wiaiEnid, i i around seeupants, bathing thaen in
cocl i air. Ast quality imprevin bicauie
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Appiicability
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accida flcon st not requined for daplacement ventilation)

Integrated Design Implications

Supply aif outiots must e coordinated with the lbcation of fumishings and space Lsage. Tho cullets may
b indagrabed with cabmats o saatng.

Thare is an axcallend opporiurity io integrabe elecirical and communicabon waring with th air distnbation
wfthisr undas e floor or along the bassboard
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Cailing far are not recommasndad with daplacamant venblabion Lacauss thay are dessgnid 1o miz & in
4 apace and will darupl the stratification created by the displacemint venslatian syshen

Cost Effectiveness

Thir is nol @ goeat deal of sxpanenc with deplocoment ventkatn in clisseooms, bul i & grosing n

popalanty for nw commarcal buskdings. For the near lubure, coats are bl b0 b hghar than standard
avirrhiad air datribubon.

A displacemant verdilation wystem will probably nod provide a short payback based on

endrgy savings alone. Howevar, tha syvlem prosdes addiional combort and air quality

baraits :.

Benefits ‘ .,
Mﬂnum

Sigrabscantly kewair coching kaads {103 lovr ) resull ron thasmal stratification,

* Sigricantly kow systerm capactis will be needid i dnthaloy energy frecovery s used n
eamnatian with tis sartical displacesmant appranch
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Disadvantajpos

= Heatng performance may b worse than systims provdng e at greater velocities. Ming (ie.,
destratdication] is desrable for hsabing,

= Funt conl may b highasr with rasad foor yyatema

* Soen floor area or law wall area s requined for supply air cutlats




Site Design and Selection

Optimum Building
Orientation
_andscaping Design
mpervious Surfaces

ntegrated Weed
and Pest Control
|AQ during
Construction

Site design can create opporfunifiss for ouldoor classrooms and
emvironmental learning projects, NREL/PLS 02682
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Daylighting and Windows

View Windows
High Sidelighting-
Clerestory
Classroom
Daylighting

Central Toplighting
Linear Toplighting
Tubular Skylights

Clersstory windows orowias a mors wiiorm distrinbotion of
dayiight across the space. MRELARPIN 11404

Grid of skylighis provide eveaen llunvnabion scross the space.
MNREL AP 114324
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Energy Efficiency Building Shell

Wall Insulation
Roof Insulation
Cool Roofs
Radiant Barriers
Air Barriers
Concrete Masonry

Because solar gain on roofs is a significant component of
heat gain, using matenals that have a high reflectance can
significantly reduce the ioad. NREL/PIX 03510
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Lighting and Electrical

Pendant Mounted L Y
Lighting P
Troffer Lighting
Gym Lighting
Corridor Lighting

Lighting for Office,
Library and
Classroom

Outdoor Lighting

Light sensors, ke the one being fesfed here, can
dramatfically affect both energy use and usabiliby.

NRELPFRE Q5171




Mechanical and Ventilation

Cross & Stack

Ventilation

Ceiling Fans

Packaged Rooftop oot o
Radiant Slab R

Evaporative Cooling
Economizers
Boilers

CO Sensors

Heat Pumps

Coolng
il




Renewable Energy Systems

Passive Heating &
Cooling

Solar Thermal
S e b e g deeerrg
Wind T

Geothermal (GSHP)

Photovoltaics

FPhotovolfaics are most cost effective in remote locations that

are at a distance from an electrical gnd, bui they have zero
environmental costs. NREL/PIX00006 =




Water Conservation

Water Efficient
Irrigation

Stormwater
Manageent

Rainwater Collection
Gray Water
Efficient Terminal

D eVI C e S Low-flow devices will reduce water consumption by 15% to
20%, resulting in lower environmental costs and reduced
load on wastewater treatment plants. NREL/PIX00653
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Recycling Systems and Waste

Management
e Paper, Plastics, ‘3
Glass and o
Aluminum

e Composting
e Construction &
Demolition

A well-coordinated school recyching plan requires minimal
costs and can be more than offset by a reduction in waste
pickup costs. NREL/PIX 11337

-;:E-m Mational Nenewabile Enevgy Laharstory
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Transportation

e Alternative Fuels

e Transportation and
Site Design

e Alternative Fuel
Vehicles

Designing bike and pedestran paths and facilifies for shared
vehicle transportation helps to reduce morning traffic
congestion at schools. NREL/PIX 08075

i
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Resource Efficient Building Products

Carpeting
Resilient Flooring
Ceramic Tile

Concrete, Wood and
Bamboo Flooring

Acoustical Panels
Casework and Trim

Formaldehyde-free acoustical panels with recycled content
are considered a matenal efficient, low-volatile organic
compound product, promoling healthy indoor air.
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Commissioning & Maintenance

Commissioning ot [ |
Commissioning Design LBl

ApproaCheS First year of operation: fine

) tuning and contractor callbacks
B e n efl tS Of Gummviis::oning I:en:ig‘x S
Commissioning

Costs >
Costs of
c - c Figure 1- How to Pay for Commissioning-One Option
C O m m I S S I O n I n g Shift 2% of total project costs to the commissioning provider and 3% to the design team."
The Commissioning
Table 1— Estimated Commissioning Costs for New Equipment "

Team

Commissioning Scope Estimated Cost Range

Commissionin g Phases Whele buiding (contol, electical, mechanical) 0.5% to 3% oftotal constuction cos

Commssioning from desiqn through warranty

HVAC and automated controls systemonly -~ 1.5% to 2.5% of mechanical confract

Electrical system anly 1% to 1.5% of elecirical contract
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Corvallis School District 509J, Corvallis, Oregon

e 6850 students in 12 schools
e $1.5 million saved 1999-2004:

— reduced energy use in off-peak hours
— turning off lights and computers

 New middle school and new high school

use energy efficient measures as well:
— estimated 35% energy savings for

high school and 30% for middle
school
— applying for LEED Silver ratings

www.nrel.gov/docs/fy020sti/29986.pdf
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The new Corvallis High

Technologies used across the district:
—  T-8 lighting
— digitally controlled HVAC
— energy-efficient boilers

$5200 reimbursement from the local utility
funded cafeteria lighting upgrade

$24,000 rebate and Business Energy Tax
Credit (BETC) funded a gym lighting
retrofit

School




Elk River School District #728, Elk River, Minnesota

e 11,000 students in 17 buildings

* Rogers High School:
— New school; completed 2003
— First high performance school in the state
— 850 students and 257,000 ft?
— 25% less energy over code-built
— $175,000 annual savings
— $32 million project cost

www.nrel.gov/docs/fy020sti/29107 .pdf




 Westwood Elementary:
— Also completed 2003
— 74,000 ft>and 475 students

— Expected savings of $65-75,000 annually over
code-built schools

— Project cost was $11.5 million

“We do not inherit the earth from our ancestors;
wie borrow it from our children”

* Expected to receive LEED

v
=l i i a4 2 i
e - .
- it 5

S5 Silver Certification
l:hﬂrli'[EFtﬂnE — ® The f|rSt elementary 18] the
eliels: . : i .
e state to have this distinction
i e SRS
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* |In Westwood Elementary, there have been
days in winter when it costs nothing to heat

the school,

“The building maintained its desired
temperature even with a constant flow of

fresh air coming in.”

Ron Bratlie,
Director of Special Projects
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Tropical Island Climates

Chiefess Kamakahelel Middle School,
Lihue, Kauai, Hawalii

1064 students

134,000 ft? building oriented on east-west axis

— Maximize exposure to daylight
— Capture northeast trade winds for natural

ventilation
Variable-air-volume systems with
variable-speed drives to ventilate
library and music buildings

www.rebuild.org/attachments/SolutionCenter/34274draft. pdf
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Lihue, Kauai, Hawalilli

e Heat recovery unit converts heat of the refrigerant to
supplement the hot water system

« High performance shell

— Tinted, low-e windows _ _ _
_ R-19 roof insulation « Daylighting strategies used

to design most classrooms

e Lighting includes T-8 lamps
and electronic ballasts

Chiefess Kamakahelei Middle School
Photo by Mitsunaga & Associates
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Energy Design Guidelines for High
Performance Schools

 Department of Energy’s Rebuild America
program

o Specially targeted to nine climate zones

* QOutline high performance
principles for the new or
retrofit design of K-12
schools

To order hardcopies:
www.rebuild.org/sectors/sectorpages/ess_guidelines.asp

MAYEL wstional Renewsbile Enargy Laharatery
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National Best Practices Manual

National Best Practices Manual

Key technical R ARy
knowledge for
architects, engineers
and code officials

Avallable at:
www.rebuild.gov




Conclusion

High performance
design allows for
energy savings as well
as better learning
environment

Building Codes can be
used to drive a high
performance process
and push the envelope

Integrated design and
planning is essential

Code inspectors can
encourage beyond code
practices
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