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MA High Performance Schools

SCHOOL LOCATION CRITERIA USED
Manomoy Regional High School Harwich, MA MA-CHPS
Freeman Kennedy School Norfolk, MA MA-CHPS
Rochester Memorial High School Rochester, MA MA-CHPS
Roger L. Putnam Vocational Technical Academy  Springfield, MA MA-CHPS
Sherwood Middle School Shrewsbury, MA MA-CHPS
Thompson Elementary School Arlington, MA MA-CHPS
Ashland High School Ashland, MA CA-CHPS
Berkshire Hills Regional MS Great Barrington, MA CA-CHPS
Beverly High School Beverly, MA MA-CHPS
Blackstone Valley Tech HS Upton, MA MA-CHPS
Bridgewater Raynham Regional HS Bridgewater, MA MA-CHPS
etc...
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THE CRITERIA: METRICS AND EXAMPLES @

1. Integrated Design Process Engineers consult with teachers &
students

2. Indoor Environmental Quality Walk-off mats keep pollutants outside

3. Energy Usage Photosensor activated lighting

4. Water Usage Low-flow toilets & waterless urinals

5. Site Selection/Development Facility located near public
transportation

6. Materials & Waste Management Locally produced materials

7. Operations & Metrics Occupant behavior seminars

10



THE CRITERIA: POINTS AND EMPHASIS @3

Major Renovations 85

New Construction 110

Criteria Prerequisite | Total Points

Points Possible

Integration and Innovation 6 21
Operations and Metrics 12 23
Indoor Environmental Quality 27 76
Energy 13 68
Water 6 21
Sites 4 22
Materials & Waste Management 4 19

TOTALS 72 250



CHPS Energy Criteria

ENERGY vose sessase

EE 1.0 - Energy Performance

EE 1.1 - Superior Energy Performance

EE 2.1 - Zero Net Energy Capable

EE 3.0 - Commissioning.

EE 3.1 - Additional Commissioning Qualifications

EE 3.2 - Building Envelope Commissioning
EE 3.3 -~ Enhanced Commissioning

EE 4.0 - Environmental Preferable Refrigerants

EE 5.1 - Energy Management System

EE 5.2 -~ Advanced Energy Management System and Submetering

EE 6.1 - Natural Ventilation & Energy Conservation Interfocks

EE 7.0 - Local Energy Efficiency Incentives and Assistance

EE 8.1 - Variable Alr Volume Systems

EE 9.1 - Renewable Energy Performance Monitoring

EE 10.1 - Electric Vehicle Charging

151
151
152
159
162
162
165
165
173
176
177
181
184
186
188

190
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Performance Range - Education

Measured EUls of Educational Buildings
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Benchmarking Existing Facilities:
Understanding Energy End Uses

CEUS Detailed K-12 School End Uses

Office Equip  Misc! N : . :
Ext Ltg a% 3% Heat Heating, Cooling, Ventilation

25%

= Envelope & HVAC Equip.

Lighting, Plugs, Cooking, Refrig.
= Interior Equipment

~ All Usage
= Controls & Occupants

b' new buldings
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Energy signature:
Cambridge City Hall Annex
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FirstView:
Portfolio Analysis
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Requirement

EE 1.0 School design for new construction and new buildings on existing
campuses shall exceed by 10% the baseline established in ASHRAE
Standard 90.1-2010 or the IECC 2012. This correlates to a maximum
ZzEPI score of 51. The design shall also receive an ENERGY STAR
score through Target Finder. There is no minimum ENERGY STAR
score requirement.

OR

Design the school according to the standards established by the basic
requirements of Tier 2 of the Advanced Buildings New Construction
Guide from the New Buildings Institute.
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Advanced Buildings
New Construction
Guide

NBI's prescriptive solution for

achieving high performance in
new commercial construction

and major renovation projects
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Tier One

All of the Criteria listed in this section are
required components of Core Performance,
originally published as Version 1 of the
Advanced Buildings Program. These
requirements are applicable for projects
comparing to an energy code baseline of
2010 or earlier (such as ASHRAES0.1-2010,
or IECC 2009). Energy savings projections
for this Tier of Advanced Buildings are
predicted in comparison to these earlier
versions of code and are based on the

implementation of all applicable measures
in this section.

] TIA T
ENERCY COMNSERWTION
)

10
11
12

13

14

110
m

113
114

introcuchon
Prerequisitas
Airr Barrier Performance

Opaques Envelope
Performance

Fenestration Area and
Performance

Minaimum 1AQ
Performance

Lighting Controls

Lignting Power Density -
interior and Exteror

Cool Rools

Mechanical Equipment
Efficiency Requraments

Economizer Performance

Energy Recovery
Ventilation

2 Demand Control

ventilation
Accaptance Testing

Additional Efficiency
Package Option



1.0
11

1.3

14

1.5

1.6
1.7

Introduction
Prerequisites
Air Barrier Performance

Opaque Envelope
Performance

Fenestration Area and
Performance

Minimum [AQ
Performance

Lighting Controls

Lighting Power Density -
Interior and Exterior

1.8
1.9

110
1.1

112

113
1.14

Cool Roofs

Mechanical Equipment
Efficiency Requirements

Economizer Performance

Energy Recovery
Ventilation

Demand Control
Ventilation

Acceptance Testing

Additional Efficiency
Package Option
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21 Energy Code
Compéance
2.2 Ar Bamer Performance
23 Opoague Walis and
Balow Grade Assembles
24 Fenestraton
Padormence
25 Dayighting
Tier Two sllivom i
27 Lging Powar Danaty
Section Two of the Guide incorporates e mm
strategies designed to provide a pathway for 29 HVAC System Efciency
whole-building performance that exceeds the 2340 ' Economizes
more recent code versions, such as IECC 211 Duot Construction
jurisdictions that have adopted and enforce 213 HVAC Controle
these codes must follow the requirements 23 HAG - Pk Ditection
of this section to achieve significant savings " and Diagrostics
beyond code. The measures in Section Two 215 Woler Heating
supersede the strategies listed in Section One. 216 Acceptance Testing
basic requirements of the program (for 298 Enhanced Opaque
advanced code jurisdictions) and some —

optional additional enhanced strategies which " Wmmmm
may be adopted by individual projects. All of 2.20 Enhanced

the measures up to and including measure Requirements for
2.17 (and including the measures in Section i i
Zero-Design Process Strategies) are basic 2 ‘Pibaikan
requirements of the program. Measures in Rooftop HVAC
this section numbered 2.18 and above are 2.22 Energy Recovery
considered enhanced measures. Ventilation

2.23 Demand Control

New Builldingz institute § 2016



2.0 Introduction

21 Energy Code
Compliance

2.2 Air Barrier Performance

23 OpaqueWallsand  Et 59 HyAC System Efficiency
Below Grade Assemblies

: 210 Economizer
24  Fenestration

Performance i 211 Duct Construction
28 o | (2 Faon e
26 Lighting Controls || 213 HVAC Controls
27 Lighting Power Density |i 214 HVAC - Fault Detection

and Diagnostics
215 Water Heating
216 Acceptance Testing

2.8 Exterior Lighting
Efficiency

Whole Building Metering




20 In¥oduchon

21  Erergy Code
Complance

22 Al Barrle Perforrmance

Tier Two

Section Two of the Guide incorporates
strategies designed to provide a pathway for
whole-building performance that exceeds the
more recent code versions, such as IECC
2012 and ASHRAE 90.1-2010. Projects in

jurisdictions that have adopted and enforce . .
these codes must follow the requirements Lighting Power
of this section to achieve signfficant savings Density

beyond code. The measures in Section Two
supersede the strategies listed in Section One.

This section s divided into two parts; the 2'21 Premlum PaCkage
basic requirements of the program (for 2 Rooftop HVAC
advanced code jurisdictions) and some 2§

optional additional enhanced strategies which

may be adopted by individual projects. All of % 2.22 Energy Recovery
the measures up to and including measure H H

2.17 ([and including the measures in Section Ventllatlon

Zero-Design Process Strategies) are basic

requirements of the program. Measures in 2 2.23 Demand contrOI

this section numberad 2.18 and above are
considered enhanced measures.

NN NN NN N
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2.18 Enhanced Opaque
Walls

Enhanced Glazing
System Performance

2.20 Enhanced
Requirements for

2.19

Ventilation



Tier Three

The Performance Pathways section of the
Advanced Buildings: New Construction Guide

i5 designed to provide strategies for additional
savings to projects which might be able to
undertake additional efforts to increase energy
efficiency levels. These pathways represent
broader design strategies that require an
integrated and informed design approach to
more advanced efficiency strategies than those
represented by individual savings measures.
They may also require deeper analysis or
expertise from the design team and may not

be applicable to all project types or conditions.
However, these design pathways often represent
an opportunity for significant additional savings
beyond the basic requirements of the Advanced
Buildings program. For this reason they are

considered as Tier Three of the program.

Achieving Tier Three in the Advanced Buildings:
New Construction Guide requires that projects
follow the requirements of Section Zero, Section
Two, and one or more Performance Pathway
strategies from Section Three.

3.0
31

3.2
33
34

35

36

37

Introciuction

Pathway Prerequisites
Advanced Ervelope
Advanced Daylighting
Advanced Office Lighting
Design

Ground Source Haat
Pump

Varlabie Capacity Heat
Pump Systems

Radiant Heating/Cooling
Piug Load Controls

New Butldingz institute § 2016




Introduction
Pathway Prerequisites

Advanced Envelope

Advanced Office Lighting
Design

Ground Source Heat
Pump

Variable Capacity Heat
Pump Systems

Radiant Heatnng/Coollng /

Plug Load Controls



0.0 Design Process Strategies

Design Process Strategies

(Prerequisite for all Tiers)

The meascres descnbed in this section are referred to as Dasgn Procsss
Strategies, and ol projects using thes Guids should smplement al of the strate-
gles descrived in this chapter, These sirateges have been developed o make
the dangn procsss more elfective leadng 1o bether intsorated dasion aut-
comes, The category defines specic steps which ars necessary to comply
with the requrements of the Gude.

new bulldings
nbl institute O



Design for Operations

Integrating operations team into the design process

Design Construction Operations & Maintenance
Team Team Team




0. 1 Identlfy Design Intent
:'.";-ij utn

IDENTIFY PPt
DESIGN INTENT Pt act riors

Purpose Criteria
Develop consensus among the The progect team shall conduct & team mestng to idenity key energy and
propect team and owner as 1o the Jervaronmentsl goals and princples. This mesting should consist of o tacktated
performance goals of the progect discussion before the scheamatic desgn process has conduded. Discusson
ond identlty degign stralegios should inchudes how Advanced Buddings New Construction Gude crieva will
to achisve these goals. Ersure be implemanted If the ABNC program is intatad later in the deson process,
the: demgn is developed na complets this si=p as 5000 as possbis
way that meets the obyectives of
the buiding program including Moetng particpants should include all soy project toam members, noluding:
ensrgy and envronmentsl needs, o Owner
Discuss Advanced Buldings New :
Constructon Guds raquiremants * Architsct
ard dentify impdamentation * Mechanical Engineer
statages » Bectnical Engineer and/or Lighting Dasignes

s General Contractor (¥ selected)

* Utiity Program Representanve

s Leasing Agent (7 speculatve development)

* Faciites Managor

e End User Representatve

new buldings
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Mandatory Minimums

EE11

Utilize the protocol in Energy EE 1.0 for quantifying reductions in total
energy use. Points are awarded according the percentage saved over a
baseline building. Projects may optionally use the Zero Energy
Performance Index (ZEPI), MM:MMWM
will not vary with future code updates.

Reduction Requirement | zEPI Equivalent
10% minimum reduction 51
15% minimum reduction as
20% minimum reduction 46
30% minimum reduction 40
40% minimum reduction 34
50% minimum reduction 29
60% minimum reduction 23
70% minimum reduction 17
80% minimum reduction 11
90% minimum reduction [3
100% minimum reduction

(zero net-energy school) .

Interpolation between the values in the above table is permitied.

Projects may not achieve more than 18 points unless they can
demonstrate that their designed EUI is less than or equal to 40 kBtu/sq fi.

*In MA only: For an additional 2% reimbursement from the Massachusetts
School Building Authority, the project must achieve 8 minimum of 9 points
(15% minimum reduction) for EE 1.1.

New Bu

Idingz institute §
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zEPI: the
Zero Energy
Performance
Index

zEPI* Scale to ZNE

Comparative Scores Milestones

100 CBECS 2003 Average®

75 ASHRAE 90.1-2004
72 ASHRAE 90.1-2007

58 ASHRAE 90.1-2010

2015 IgCC 54 ASHRAE 90.1-2013

2015 1gCC (outcomeas)

2030 Challenge (2015)
20 2030 Chalienge {2020)
10 2030 Challenge (2025)

0 2030 Challenge (2030}
NET ZERO

£ D0 ey Fetoraee v CRECE - Comrenia B
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Zero Energy Performance Index (zEPI)
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AB Criteria: Tier 2 Savings

Advanced Buildings New Construction Guide from New Bulldings Institute

Criteria % Reduction
Tier 2 2.7%
Criteria 2.18: Enhanced Envelope 1.9%
Criteria 2.19: Enhanced Glazing 0.7%
Criteria 2.20: Enhanced LPD 0.8%
Criteria 2.23: Demand Control Ventilation 1.3%
Criteria 3.2: Advanced Envelope™ 4.4%
Criteria 3.3: Advanced Daylighting 0.7%
Criteria 3.6: Variable Capacity Heat Pump (VRF) 9.2%
Criteria 3.8: Plug Loads 6.2%
*if pursuing this Criteria, 9o not count savings from Criteria 2. 1807 2.19

b' new buldings
n | institute



Zero Energy Capable

EE211

EE212

Zero Net-Energy Capable. A complete design of a PV system that will
provide 100% of the annual electric energy needs and operale an
average of at least 80% of the optimal for your location as
determined by the US DOE’s PVWVatts program. The roof-top PV arrays
must cover at least 65% (unless a smaller area is needed to provide full
capacity) of the total roof area (the remainder of the PV can be located
on parking covers or free-standing mounting structures). Other solutions
may be considered on a case by case basis.

The complete PV system can be installed wath:
* No structural modification to the roof to accommodate 5 Ibs.
per sq. ft. additional weight.
* No additional roof or wall penetrations are need for electrical
wiring.

* No physical expansion of electrical or mechanical rooms to
accommodale the inverter(s) and other electrical system

components.
The project must have a projected annual site EUI of 40 kBtu per
square foot to qualify for these credits.

OR

Zero Net-Energy. Show through the energy modeling required for EE
1.0 that on-site renewable energy systems produce as much energy on
an annual basis as is used by sum of all the building systems. Project
is eligible for two (2) innovation points from Il 10.1.

The project must have a projected annual site EUI of 40 kBtu per
square foot to qualify for these credits.

s new buildi
nbl institute i




2.4 Fenestration Performance

Table 2.41

1 2 J B 5 6 7 8
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2.5 Daylighting

Small controf zones increass the complexity and
cost of sutomate dadight controls. For this reascn
mary baga codes, noludng the IECC, exempt
srmall daylt 2anes from sutomatic dayiight control
requiraments [a.9. below 250 of, check the bass
code m sffect for your pramet). Dasigrng so that
control zones are lerger, (ususlly larger than about

e 4 a4 4 B4 S 8 S 5 e e i b B 84 4 48 Ll

2,500 &f), wil help ensure the control system remains
cost effective. It will also belp keep the systeen smpler
and therefore aasiet to keep properly calibrated. i
exernpted by the base code, small daylt 20nes ars rot
requrad 1o have autormatic daylghting controls to meet
thia critenon urdess ther area 18 baing used 1o mast
the 35% threshold

EAST FACADES FACE WITHIN &5 DEQRESS OF EAST
WEDT FACGAIRS FACE WITHIN & CEGFEERS OF WisT

MMdTNM

1o fenastration in a wall

Dayfight Zone Adjacent to Fenestration in a Wall

nbi
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Integrated Daylighting and
Occupancy Controls

* Lighting can reach 20% of energy use G
* School hours are optimal

* Cut lighting energy use by halfi l.,,m«««

Source: Boora Architects Source: http://www.srgpartnership.com/

s new buildi
nbl institute e



Natural Ventilation

Natural Ventilation & Energy Conservation

Interlocks

Intent

Provide a bonus for school
designs that incorporate
natural ventilation and an
incentive to install interiocks
on doors and windows.

Natural ventilation is an effective energy design
strategy for schools in many climates. Natural
ventilation is already credited in the Superior
Energy Performance criterion (EE 1.1) and this
criterion offers additional bonus points when the

strategy is employed.

Applicability

Verification Required

I Thile cdladlac ccalva ba cviiicvaabicatla - ' I I

b' new buldings
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2.9 HVAC System Efficiency

—FHCIENGY

Purpose Criteria

Raduce the enesgy consumption o Al HVAC squpment shal meet the minimum eficency mourements in
assocated with heatng and air Tabies 2.0.1 through 2.0.7.

conditoning through the inatallation o Gas Unit Heaters shall incude an intermittent igrition devioe and have
of efficient equoment. cither power venting or a fue damper.

o Gas Fumaces <225 000 Biu/hr should have an AFUE ratng of 94 or higher
Gas kuneces that are part of roottop package equipment shall have an
AFUE of ot least 80.

o Boders shal be provdad with an intermattent gron device, an air postive
shut-off device (such as a fiue or vent damper} and vanable speed dnves
for all combustion fans.

o Egqupment not isted in Tabies 2.9.1 $rough 297 shall mest ENEAGY
STAR Craena where svalable

new buldings
nbl institute
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Energy Management Systems

Energy Management System

Intent

and optimization of bullding
energy performance.

Energy Management Systems (EMS), lighting
control and metering are important systems for
controlling, monitoring and understanding
patterns of energy use in schools.

The prerequisite requires a base level EMS
system to be installed, whereas EE 5.2 gives
points for a more advanced system,

Applicability Verification Required
Al projects. m COSstrueﬁm Peu;mnoe
b' new buldings
n | nstitute



NBI Zero Net Energy
Building Controls Study

Characteristics, Energy
Impacts, and Lessons
from Zero Net Energy
Buildings R

A
¥

1. The Selection and the " -
System. -

2. The Energy Impact

3. The Use and User
Experience

s new buildings
Nnbi | &oe o
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2.17 Whole Building Metering

DPR

feEantinarninn

s

BUILDING
METERING

Criteria Purpose
Provide the bulding with ansrgy measurement aqupment, noluding Assure the persstent delnvery of
energy and emironmeantal benefis
* Measurement devices capabie of measunng whole-bulding clectne and from the bulding by collecting
gas usage n one-howr ntervals (slectncity measuroment dowces shal and revewing ongong anergy
measure both voltage and amperage) performance dets.

e A user nterface capable of dsplaying onergy usage for current day, prew
ous day. same day of previous year, monthly data and cumulative energy
usago for provious 12 months.

* Storage capacity of no less than 35 months of data for al energy types
commecied (o ol mepsurement devices and accessbile from $ user nter-
face (Hemcte data storage solubons are acoeptable altermabves to on-site
data siorage prowded the data s continuously avalable 1o an on-sie data
desplay system)

b' new buldings
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Commissioning

Applicability Verification Required

; Design Construction | Performance
AR projects. Review Review Review
Applicability Verification

i Design Construction | Performance
Al projects. Review Review Review

s new buildi
nbl institute b



Building Commissioning

Design Review + Cx

Specs
Review Submittals Owner Training
OPR + BoD
. Prepare PFATs + FATs Cx Report
HVAC Selection 3 ‘
Cx Kickoff Meetin Sy M |
EMS Design + 8 ystems Manua
So0 IT Installation Bldg. O+M Review
(Bid/Permit)

esavoe F—a—e

Design | Construction | | Operations

Request Subrmittals
+ O&Ms HVAC Startup

Implement PFATs
EMS Wiring Check ———
EMS Startup -

TAB

Execute FATs

zer@nergy 2016 Prog 39 ZHE School Retrof Workshops




Incentives

Local Energy Efficiency Incentives and

Assistance

Iintent

Require participation in local
energy efficiency incentives
and technical assistance

programs.

Virtually every utility customer in the Northeast
region is eligible to participate in at least one, and
typically several, energy efficiency programs. The
programs offer either technical assistance or
incentives for efficient equipment and practices.
Many programs offer both technical assistance
and financial incentives for the installation of
efficient equipment and the incorporation of
efficient design practices

nb

new buldings
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Incentives

| HOME : CAREERS | CALENDAR | FORPRESS : CONTACT )

Q- Search

Massachusetts School Bulldmg Authonty

fobée. Sumtoine bic o ST 8L LN e tnerahip w

Our Mission; Partner with

\ Massachusetts communities to
SR e e support the design and
Policies, Forms & |, construction of educationally-
Guidelines n

appropriate, flexible, sustainable,

Our Programs & | n P AYMENTS MADE and cost-effective public school

facilities.

Moare than $11.9 billion paid Lo cities, towns, and 1

YOWSM’ ..‘0‘\.\"",.‘:, i

News & Events *

HMsna
AFPLICATIONS

i: Envoliment B ticamanea 1 5, : Vnte
< M ot 1 Requirements

Capiral Plonmmg
i OPM Ropors
2 Pro-Pay 3
Retmburzemens: Your School Vote Requirements » Treasurer Deb Goidberg and the MSEA
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Life Cycle Cost Analysis - LCCA

What is the full price of a building?

Life Cycle Cost =
Net Present Value of:

¥ - First Costs (hard and soft)

- Utility Costs ! | | |
¥ -Ongoing Maintenance V v
¥ -Repair/Replacement v
- Residual Value v
2016 2018 2020 2023 2024 2026 2028 2030 2032 2034 2036 2038

b' new buldings
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George V. Leyva Middle School
Administration Building

"The perception is that gre
conventional schools, but |
investing in sustainable de ,
fiscally responsible strategy.” -
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