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Nenana City School District Baltimore City Public Schools

Southwest Vermont Supervisory

Union NEWESD 101 Baltimore City Public Schools Milwaukee Public Schools

City Schools of Decatur Orange County Public Schools
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MMUNITY ENERGY PROGRAMS

STATE & COl

Welcome
Let's get to know each other! 10 mins
Lesson Plan 1 hour 20
* Introduction mins

 Energy Issues and Building Solutions
 The Building is a System: Sustainable Building

Performance
* Project Preparation
Discussion 30 mins
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Today's Presenters

Shannon Oliver Reilly Loveland

Energy |\8/|c aSnuaSé:gjrnabi”ty Associate Director

Adams 12 5 Star Schools New Buildings Institute



lcebreaker

Introducing the
Mentimeter Marmot!

Instructions:

e Scan the mentimeter
code on your phone
or enter on your
computer browser.

* Respond to the
prompts and
answers will
populate real time.




Introduction
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SCEP
Course Objective

Understand what building science is and how can it be used to optimize
building performance to decrease energy use/cost, and alleviate
dependency on fossil fuels.

1. Participants will be able to identify major energy using systems common in K-
12 school buildings.

2. Participants will understand the impacts of building upgrades, maintenance,
and operation on efficiency and occupant health.

3. Participants will understand how to begin the process of project planning and
preparation to achieve efficient and healthy school buildings.

American-Made Energy CLASS Prize | U.S. Department of Energy 7



SCEP
What is building science?

* A field of knowledge that explains how a building works as a
system of components that interact with each other and the
outdoor environment.

* |t describes how the physical behavior of the building impacts
energy efficiency, durability, comfort, and indoor air quality.

* Important in all building phases!

American-Made Energy CLASS Prize | U.S. Department of Energy 8



SCEP
Why building science matters to schools

* Upgrades to school facilities can:
v Improve air quality
v'Improve comfort and health conditions
v'Support better student learning
v'Provide significant reductions in school energy bills
v'Help to stabilize utility costs for annual budgeting

v'Opportunities for safety and security

Source: https://www.energy.gov/eere/buildings/efficient-and-healthy-schools
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Why building science matters to schools

WHY ARE GREEN SCHOOLS BETTER SCHOOLS?

i o 65% 304, r

academic progress over a year by as
much as
250/ L ‘ Reduction in asthma cases among Reduction in teacher turnover in
0 elementary students when school green schools - saving US$4 per
indoor environment quality improves.” square foot over a 20 year period.*
Faster progression in math in schools Faster progression in reading in Increase in overall performance in
with good daylighting # schools with good daylighting 4 schools with good daylighting 4

Credit;: World GBC

Barett, P., Zhang, Y., Moffat, J., & Kobbacy, K. (2012, October 03). A holistic, multi-level analysis identifying the impact of classroom design on pupils' learning.
Meng, Y., Babey, S. H., & Wolstein, J. (2012). Asthma-Related School Absenteeism and School Concentration of Low-Income Students in California.

Katz, G. (2006). Greening America’s Schools: Costs and Benefits.

Heschong Mahone Group. (1999). Daylighting in Schools: An Investigation into the Relationship Between Daylighting and Human Performance.

rPODOE
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Why building science matters to schools

School buildings
can be a tool to

enhance student
learning

Student Performing Energy Audit, Los Angeles USD, CA
Credit: Los Angeles USD




Foundational Concepts




SCEP
Key Energy Concept: Site vs. Source Energy

- Source energy: The total £ — olte Energy —
amount of raw fuel 1
required to operate a
building

* Site energy: The amount
of heat and electricity
consumed by the building

— -

El e N =

Transformer

| Source Energy |

Source: https:;//www.energystar.gov/buildings/benchmark/understand_metrics/source_site_difference
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Key Energy Concept: Site vs. Source Energy

F"‘l ENERGY STAR®

/ Change Metri
Source EUI Trend (KBtu/ft) =2 Portfoliollanager® 2/ Change Time Periods

/Change Metric
150 — Metrics Summary
Jan 2010 Jun 2023 (Ene
Metric # (Other) / CWJM’ 'Y/ Cchange @
100
W ENERGY STAR Score (1-100) 71 80 9.00 (12.70%)
{ N\ 1740
50 -17.
Source EUI (KBIu/Mt2) 107.0 89.6 C1ea0%)
_ £.20
. Site EUI (KBtu/f2) 472 41.0 (13.10%)
2012 2014 2016 2018 2020 2022 \J .
Energy Cost (5) 96,589.16 109,153.86 12564.70
(Chart current as of 05/09/2023 Refresh Chart o o8 199 (13.00%)
09:43 AM PDT)
Total (Location-Based) GHG . 20 250
Emissions Intensity (kgCO2e/Tt2) : ' (-45.50%)
Water Use (All Water Sources) (kgal) 2.191.8 Not Available N/A

Total Waste (Disposed and Diverted)
(Tons)

Mot Available Mot Available MNIA,



Key Energy Concept: SCEP

Energy Use Intensity (EUI)

* Total energy consumed in one year, divided by the gross floor area
(square footage)
* Energy is expressed in units of kBtu for easy comparison
* Usually based on site energy (not source energy)




Key Energy Concept: SCEP

Energy Use Intensity (EUI)

h ENERGY STAR®

Portfolml\/lanager U.S. Energy Use Intensity by Property Type

Broad Cateao Primarv Eunction Further Breakdown Source EUI | Site EUI Reference Data Source -
g0ry i (where needed) (kBtu/ftz) | (kBtu/fi2) Peer Group Comparison

Adult Education 1104 CBECS - Education
College/University 180.6 CBECS - College/University
. CBECS - Elementary/Middle
Education K-12 School 104.4 (48.5) & High School
Pre-school/Daycare 1315 515 CBECS - Preschool
Viocational School
1104 524 CBECS - Education
Other - Education

https://portfoliomanager.energystar.gov/pdf/reference/US%20National %20Median%20Table.pdf

Net zero target: 16-26 kBtu/SF-year




STATE & COMMUNITY ENERGY PROGRAMS

Key Energy Concept: Greenhouse Gas
(GHG) Emissions

* Measured in units of CO,e
 May also be referred to as “carbon”

* Total emissions = direct (used at building + Schools in the United
transportation) + indirect (energy purchased from [IELESR(elo[V[¢fS
a utility) emissions equivalent
* Different fuel sources = different emissions per to 18 coal-fired power

unit of energy plants each year.
 Different grids have different fuel mixes (and Source: Why K-12 Should Feature in

carbon intenSitY) America’s National Climate Strategy
* Not all hours of the grid are equal



https://newbuildings.org/wp-content/uploads/2021/04/Schools_WhitePaper_202104.pdf
https://newbuildings.org/wp-content/uploads/2021/04/Schools_WhitePaper_202104.pdf

Scopes of Emissions in Schools SCEP

e

A\ =,
E Procurement
Onsite j
combustion Travel
in school district
buildings I Water

L

h> ™ e
School fleet & Waste I]II

transportation
Purchased
electricity




Key Energy Concept: SCEP

Carbon Neutral Buildings

* Net zero energy # carbon neutral

* A carbon neutral building is a well-ventilated, highly energy efficient
building that does not contribute emissions of carbon and other
greenhouse gases that contribute to climate change. A building is
considered carbon neutral operations if it:

* Maximizes energy efficiency while providing healthy indoor environments
* |s all-electric and has no onsite fuel combustion
* Offsets all the electricity used with 100% renewable energy sources

Source: https://newbuildings.org/wp-content/uploads/2022/06/NBIl_Key-Messages-About-Carbon-Neutral-Schools June2022.pdf



https://newbuildings.org/wp-content/uploads/2022/06/NBI_Key-Messages-About-Carbon-Neutral-Schools_June2022.pdf

State

NBI Carbon Neutral Schools Policy and Resolutions Map Al

Connecticut
] | ] ] | s A Massachusetts
district & buildin R - 7] o
T United L \J_-- | 7 ' Oregon
Washington

- Use the filters on the I-eft‘ to filter projects in the map, aﬁdfor select a bubble on the map to filter the table below. Arizona
Interactive map T .
. | Florida
lowa
. | Statest® = A} | P — Texas
commitments
Wisconsin
 https://newbuildings.org

Colorado
of climate school
7] virgiia

/resource/interactive-

Goal Type

(Al

Battery Storage

Climate Justice
map-of-carbon-neutral-
- - - CurriculumMorlkforce
SChOOl_d |Str|CtS/ Electrification
© 2023 Mapbox © OpenStreetMap Embodied Carbon
Energy Efficiency
School District State .. Jurisdiction Goal Language Operational Emissions
Alameda Unified School District ChA Alameda + The AUSD Board of Education will strive to achit Renawables
Austin Independent School District ™ Austin « Austin ID adopts a goal of nat zero gresnhouse | Resilience
Bend-La Pine Schools OR Bend, LaPine -« The district will commit to reviewing and followin Transportation
Workforce
Boulder Valley School District CO Boulder + Goals to reduce greenhouse gas emission by 8C
Colorado Springs School District 11 CO Colorado Springs + Colorado Springs School District 11 Board of Ed
Cotati Rohnert Park Unified School Board chA Cotati, Rohnert P... + Establish a Climate Change Commities todevel L =10t »12¢ Classification (Large...
CREDOQ High School Governing Board Ch Rohnert Park * Making buildings and manufacturing energy effic (Al
Nanvar Puhlic Srhnals (9] City and Connty « Ham 100% rlran alretricity by 2030 in accnrdane Lal'gE


https://newbuildings.org/resource/interactive-map-of-carbon-neutral-school-districts/
https://newbuildings.org/resource/interactive-map-of-carbon-neutral-school-districts/
https://newbuildings.org/resource/interactive-map-of-carbon-neutral-school-districts/
https://newbuildings.org/resource/interactive-map-of-carbon-neutral-school-districts/

Key Energy Concept: Major building elements

™

-

Onsite energy generation and storage

: <
_’.3. k -
-

Building systems

HVAC

Water heating

Lighting

Kitchen equipment
Electrical systems

Plug and process loads
Controls

Building Envelope

* Roofs and walls

* Foundation
 Windows and doors

STATE & COMMUNITY ENERGY PROGRAMS
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TY ENERG' RAI

Key Energy Concept: Major building elements

Building systems

e Defines the magnitude of
total energy consumption
and GHG emissions

Onsite energy generation and storage

- * Meets energy consumption needs
while reducing GHG emissions

« Store energy to use at different
times

_ * Provide backup power in case of an

outage

= TN, \\\\\\\\\\‘\\\\\\’/ :

Building Envelope

* Passively impacts building
system energy
consumption




Major building elements: common retrofits

™

-

: <
_’.3. k -
-

Building systems

HVAC

Water heating

Lighting

Kitchen equipment
Electrical systems

Plug and process loads
(appliance replacement)
e Controls

Building Envelope

* Roofs and walls

* Foundation

*  Windows and doors

STATE & COMMUNITY ENERGY PROGRAMS
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SCEP
Major building elements: common retrofits

40
33.7
30.6
I 14.8 15-4 I

* The best retrofit options will -
depend on your site
Baseline Onginal Final Proposed Solar PV
Proposed Potential

G
=

 HVAC and lighting upgrades often
are “biggest bang for your buck”

* Appliance upgrades (kitchen, plug
loads) can be lower cost and still

add up

on

Site EUI (kBtu/sf-yr)

L& o

o=

m Heating m Hot Water m Plug Loads m Lighting m Cooling ®m Fans = Solar PV

Source: Integral Group, Inc for CA Prop 39



Health, Safety, and Comfort in
School Buildings




SCEP
Common building issues

Health  Mold
 Moisture intrusion
* |ndoor environmental/air quality (IEQ/IAQ)

Safety  Aging infrastructure (windows you can’t lock!)
* Toxic building materials
* Lighting (security camera visibility)

Comfort * Poor temperature balancing
* Poor ventilation

* Accessibility

* Lighting
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Healthy buildings

The 9 aspects of healthy buildings:
J Ventilation Jd Lighting and Views
d Air Quality J Noise
d Water Quality J Moisture
J Thermal Health d Safety & Security
J Dust and Pests

Source: https://www.energy.gov/femp/articles/existing-healthy-building-resources-overview
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Healthy buildings

 Indoor Air Quality (IAQ) - focused on air quality
VS.
* Indoor Environmental Quality (IEQ) - holistic assessment

* JAQ/IEQ impacts:

* Short- and long-term health effects Nearly 1 in 13 children has
* Absenteeism asthma, the leading cause of

school absenteeism due to
chronic illness.

e Test scores
* Productivity
o Staff wellness and retention

Source: https://www.epa.gov/iaq-schools/why-indoor-air-quality-important-schools



JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE T E e
2022, VOL 19, NO. 8, 478-488 e aylor & Francis
Taylor & Francis Group

Healthy buildings ——— —

Relationships between social climate and indoor environmental quality and
frequently reported health symptoms among teachers and staff in a
suburban school district

IS . S : d.e : f
Environmental Science and Pollution Research (2020) 27:16624-16639 r Schill®, Matthew Klimm©, Jennifer E. Cross ®' Shannon Oliver, and

https://doi.org/10.1007/511356-020-08092-w

ity Health, University of lllinois at Urbana-Champaign, Champaugn Illinois; ®Department of
iences, Colorado State University, Fort Collins, Colorado; “Institute for the Built Environment,
lorado; “Institute for Research in the Social Sc:ences, Colorado State University, Fort Collins,
prado State University, Fort Collins, Colorado; Manager, Energy and Sustainability,

rent of Epidemiology, Colorado School of Public Health, Aurora, Colorado

RESEARCH ARTICLE

Check for
updates

Identifying and evaluating school environmental health indicators

Shao Lin"?. Yi Lu' - Zigiang Lin" - Xiaobo Xue Romeiko' - Tia Marks ' - Wangjian Zhang' - Haider A. Khwaja '
Guanghui Dong* + George Thurston®

Contents lists available at ScienceDirect

International Journal of Hygiene and
Environmental Health

journal homepage: www.elsevier.com/locate/ijheh

r ‘ International Journal of

/ !
Environmental Research r\ E [ SE V[[ R
WM and Public Health MD\Py

Article s sus s .
Indoor Air Quality Prior to and Following School Building School er'1v1r(.)nmental copdltlons .and 11n'ks to academic performance and c::?,
absenteeism in urban, mid-Atlantic public schools e

Renovation in a Mid-Atlantic School District
J.D. Berman™"', M.C. McCormack”, K.A. Koehler‘, F. Connolly", D. Clemons-Erby, M.F. Davis",
Sandra E. Zaeh 12, Kirsten Koehler 3, Michelle N. Eakin 2, Christopher Wohn #, Ike Diibor ¥, Thomas Eckmann 2, C. Gummerson”, P.J. Leaf®, T.D. Jones', F.C. Curriero”

Tianshi David Wu *®, Dorothy Clemons-Erby ?, Christine E. Gummerson ’, Timothy Green *, Megan Wood ?,
Ehsan Majd #, Marc L. Stein 1, Ana Rule 3, Meghan E. Davis 3! and Meredith C. McCormack 2*




Healthy buildings: energy efficiency can help

The 9 aspects of healthy buildings:

1 Ventilation

d Air Quality

] Water Quality
J Thermal Health
- Dust and Pests

1 Lighting and Views
1 Noise

1 Moisture

1 Safety & Security

Source: https://www.energy.gov/femp/articles/existing-healthy-building-resources-overview

American-Made Energy CLASS Prize | U.S. Department of Energy
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SCEP
Energy efficiency

* Goal: Use less resources (energy) to operate, without compromising
comfort or reliability

* Can be achieved through a variety of measures impacting the
building envelope, systems, and equipment.

© Cost savings ® Inadequate funding
© Community benefits ® Competing priorities
© Environmental benefits ® Overburdened staff

© Resilience
© Health benefits

American-Made Energy CLASS Prize | U.S. Department of Energy 31
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Energy efficiency: opportunity

Nbii i o
Schools and educational Key Messages for
: >ages for
facilities are the third largest 8;"82‘"“2.2’3?"?3‘“’°"*
. ral Schog
sector of commercial B

building energy usage in the
United States.
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Energy efficiency: opportunity

- new ® .‘,v.',. &
nbl insiibtg}'rg Sics

School building energy

Key Messages for

consumption costs K-12 Communicating About

Carbon Neutra] Schoc

school districts in the United
States more than $12.5
billion per year.
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Energy efficiency: opportunity

2 New buildinae
nbl irws%ivtg}'rg""i' o

If only 16% of high school

Key Messages for

students in high- and middle- Communicating About

Carbon Neutral Schools

Income countries received
climate change education,
we could see a nearly 19
gigaton reduction of carbon
dioxide by 2050




Sustainable Building Performance
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The building is a system

ENVELOPE MECHANICAL SYSTEMS
PLUMBING CONVECTION RADIATION

STRUCTURE 2N acETION

AIR BARRIER
LIGHTING VENTILATION AIR LEAKAGE

AIR FLOW HEAT FLOW CAPILLARITY MOISTURE
WIND MoisTURE FLow DIFFUSION CONTROL

sTACK EFFECT BULK MOISTURE



Onsite Renewables

A SEEESE EEENE ENEEN FESNFEEN EEEEEEEEEN

GEN EEEFE EEEEEEEEEER SN FEEEENEENENNEEN
GEFEESFSSENE FEENFEEEEENR FEFF EEEEE FESSE EEEEN
IS gNFEE SFEEEEEEEN NN SSFSEE CSEEEN SEEEN

High
Efficient Electric Performance
, . e
Lighting " '.q — e - JJ;[[ Envelope
Building Controls ﬂ:ﬁ;ﬁﬂ e
p Lot h Fixtures for
b A ey P‘rl i Efficient
- Water Use
High Performance -
Windows \\‘\L l EEE EEED BN
AR AER T EER
Efficient Heat “ H HH Ht Efficient Electric

[ [1
Pump HVAC Water Heater

N

.
. i
i E u

Electric School Bus ————— =
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The building is a system

Mechanical &
Electrical Systems

* Everything is connected! When
planning one system upgrade, External |
consider the impact on the building g et oy
overall to ensure improved SRR U]
performance | e e
* Consider both first cost and ongoing | yi A E
equipment costs ..
] ] Occupants w 1€ e
e Occupancy in schools matters, and it '
goes beyond normal school hours Site & Services Infrastructure

https:;//www.pps.net/Page/14926



The building is a system

* Rule of thumb: elements will follow
the path of least resistance to
create equilibrium

Winter example
(Cold outside, warm inside):
« Heat and warm moist air escape
* Heating system must make up
for lost heat
 Humidification required for lost
moisture

Source: https:;//www.wbdg.org/resources/building-science-concepts
American-Made Energy CLASS Prize | U.S. Department of Energy

Seasonal

Diurnal
Directional

Solar Moisture
Radiation

S9
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Climate specific design

e Rain e Condensation
G * Capillary action e Diffusion G
(flowing up from ground)  Transported via air leaks
Heat Transfer
—2 ) '« Unintentional Ventilation: « Conduction D
- e Infiltration & Exfiltration « Convection
 |ntentional Ventilation  Radiation

e Mechanical and Passive

American-Made Energy CLASS Prize | U.S. Department of Energy 40
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Climate specific design

< :I: :L >
Marine (C) Dry (B) Moist (A)
5C
’ >
4C—
4 t". i
IECC Climate Zones
[ 1A Very Hot Humid
[l 2AHot Humid
3C [ 2B Hot Dry
4A Mixed Humid
, e

[] 4B Mixed Dry Heating & cooling
4C Mixed Marine

e o

1A—’

[7] 6B Cold Dry
Il 7 Very Cold
[l 8 Subarctic/Arctic

g

CrREa ‘
Source: https://codes.iccsafe.org/content/IECC2021P1
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Climate specific design

e Weather norms
* Precipitation

* Flooding and stormwater MARINE
Mmanagement

* Tornadoes and high winds
* Seismic events
* Forest fires

e Qutdoor air pollution levels

COLD / VERY COLD

MIXED-HUMID

HOT-DRY / MIXED-DRY

e Ambient noise

HOT-HUMID

Source: https://www.energy.gov/eere/buildings/building-america-climate-specific-guidance



Linking back to sustainability

* Consider the building as a system and how to limit environmental impact

during all phases of the building life cycle:
* Proper siting

Energy use optimization

Water conservation and protection

Responsible material selection and use

High IEQ

Operational & Maintenance Practices

 Many resources and programs offer metrics to assess
sustainability

LEED CERTIFIED

UsgBC
COLLABORATIVE FOR

- HIGH PERFORMANCE
o, SCHOOLS.

Better buildings. Better students.




Stretch break!

Please move your body or grab what you need to. This will be quick!

American-Made Energy CLASS Prize | U.S. Department of Energy



Project Planning
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Overall approach

Getting to zero over time is a concept that ensures
the correct tools are in place to address a building
lifecycle event in a way that aligns with the school
district’s long-term energy and carbon reduction
goals.




2045

Carbon Neutral
School Building
Portfolio

Portfolio-wide
energy consumption
80% below baseline

New Construction

EUI of 20 kBtu/sf-yr
All-electric Zero Net Energy capable.

Portfolio-wide
s energy consumption
40% below baseline

Major Modernization

EUI of 25-30 kBtu/sf-yr
Remove natural gas where possible.

Retrofits

Highly efficient systems.
Remaove natural gas where possible.

System Replacement

Always replace with “better-than” systems.
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High-level process

Engage Find
Stakeholders champions
Align With Implement zero
-y l-electric
Building energy, a
_ and renewable
Assess Benchmark Lifecycle Events energy projects
o and track
Building Stock performance

Incorporate goals
into policy plans
and practices

Track and
Report
Progress

Stay
informed

Engage Educate
Occupants students
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Assembling a team G
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. ICer Or Off ©rs: Schog Oard Me IS, Superip endents,
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Decision makers Sup

School baarg Members,
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Role in
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Assessment Phase

decarh® ) .

’Or»s;:omla""“'mam
Kore22L-bUllding. 4 -20-GUide-

Makers, ecision.

J Stock take

J Understand current energy use:
= Utilities T L T S, i
= Meters ol e

The mi 0N outliny
resuft - ight apply 1o g, 5 ing D'DC’-"Qmem
" Or builgingg Practicas, Thesg
and my,
Prodycts, 7, aven

2Dital Prgpyers: TDIcaty, gy
also moy 19 O Facily 0

= Tracking mechanism
thes, :;r Clearty con, YIhauch, not
NS thag Oftan rejagey ¢
Y. ap articuiate 5 d/szo i >
M Into {:g r?' ?99;’3’ s, R’:{;S
e anln S,c"bs m"’nm;fl.\cal
'Ments (o Py
a rc;es Pg;;[’; S’FE‘?’
ndin meg;’mcnofa
ital
P / EFFICIENT AND t your
-2 HEALTHY SCHOOLS
STATE & COMMUNITY ENERGY PROGRAMS Te. , ’onmng f o)
b?,cgmc:f;;gn ;,'::aauo,,,'o otiios 3 SWang/mmrv’aZ ;:‘ smp o the mn;?zmuli
PRt e L Sty e e o e
locy aPital Piapyy, g:smc, epartme I’ﬂan ol oy
- “ Scision Makerg, ki Ip Identif, glar‘:;chﬂﬂ Of SChogy
l. Introduction: School Energy s
Assessment (SEA) Form
This form is designed to help you walk through your school and collect specific information that will be Benchmark
useful for providing an assessment of the facility, capturing important building characteristics including Assess and track
heating, ventilation and air conditioning (HVAC) system details, and site energy use intensity (EUI). HPMH
Building Stock performance

Collecting this information is an important first step in identifying potential retrofit opportunities for your
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Stock Take Key

Stakeholders

Facility
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Projects

Building

Capital Facility
Project Master
Plans
Benchmark
and track

Building Stock performance




Existing Building Assessments

* Unique design features

* Daylighting opportunities, shading

* Air sealing and heat recovery ventilation

* Lighting, unique conditions

 HVAC condition and replacement schedule
* Portables - lighting and HVAC condition

* BMS/occupancy sensors and patterns

e Opportunities in the kitchen

Newcastle Elementary School, Newcastle, CA
Photo Courtesy of Point Energy Innovations

Painted
clerestories §

Excess
lighting

Dark ™=
film

Benchmark
Assess and track

E.[lﬂ Building Stock v N
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ASHRAE Audits

* Formal energy audit/assessment framework that can be used as
an evaluation tool

* Three Levels, depending on where you are at:

 Level 1: identify low-cost or no-cost opportunities for energy savings and
areas of energy waste

* Level 2: more detailed building characteristics survey, energy usage and
cost analysis

* Level 3: focus on the capital-intensive improvements identified during the
level 2 analysis, including comprehensive energy models and a detailed
report with project costs, expected savings, and a thorough life cycle cost
analysis

ﬂ Assess Benchmark
o and track
all Building Stock ST
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Goal Setting: M&V

 How will project success be evaluated?
* Energy savings
 GHG reduction
* EUI (based on energy consumption)

e Occupant satisfaction
* ROI

* Measurement & Verification is used to:
* Determine baselines and estimated savings
 Verify post-project performance of energy efficiency measures
 Document ongoing performance

Set e
Goals and practices
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Goal Setting: M&V Plans

* Measurement & Verification (M&V) Plans outline how projects will
be evaluated to ensure goals are achieved, including:
* Baseline data
 Documentation of all assumptions and data sources
 Who, what, when of M&V activities
* Details of engineering analysis (if applicable)
* How energy and cost savings will be calculated
* Reporting responsibilities, content, and format

Set o bolay s
Goals and practices
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Lifecycle Opportunities

* New Construction

* Major Renovation

* Equipment Replacement

* Operations and Retro-Commissioning
* Bond and Stakeholder Turnover

Cﬁ Align With Implement zero
ildi l-electric
Building energy, a
and renewable
Lifecycle Events energy projects
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Major Renovation — 30-50 Years
© AmericanMade Energy CLASS Prize | US. Departmentof Eneray 57



SCEP
Lifecycle Opportunities

HVAC Replacement — 15-20 Years
© AmericanMade Energy CLASS Prize | US. Departmentof Eneray 58
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Lifecycle Opportunities

Lighting Retrofit — 5-7 Years
© AmericanMade Energy CLASS Prize | US. Departmentof Enery . 5
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Lifecycle Opportunities
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Bond Measures and Stakeholder Turnover




SCEP

MMUNITY ENERGY PROGRAM

Loading order

1. Consider comfort & health first
* Thermal, acoustic, lighting, views

2. Start with load reduction via efficiency measures
* Daylighting & other envelope measures
* Plug loads
 Lighting loads
3. Look for additional load reduction using mechanical system selection

decisions
 HVAC equipment

4. Investigate EVs, PVs, and renewables Alian With il et
uildin energy, all-electric
Gﬁ Lifecl:aa.ﬂ::II:-.E-I E\?ents ean”;’n;f,”;’gjﬁi
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ITY ENERG RAI

Retrofit Considerations

 Small renovations/repairs, using operating budget vs. large capital
construction projects

e Consider unique conditions:

* Planned retrofits
Behavior and preferences
Maintenance team needs
Peculiar local requirements/inspectors
Savings-to-investment ratio limitations

Source: CMTA, Inc.

ﬁg Align With Implement zero
s l-electric
Building energy, a
and renewable
Lifecycle Events energy projects
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New Construction Considerations

* Orientation and passive design

* Ensuring there is adequate site infrastructure (e.g., electric
capacity)

* Selecting efficient, all-electric technologies

e Specify centralized controls

* Consider renewables, EVs, and battery integration

 Make choices to enable these more easily in the future if not an option at
present

ﬂﬁ Align With Implement zero
ildi l-electric
Building energy, a
. and renewable
Lifecycle Events energy projects




STATE & COMMUNITY ENERGY PROGRAMS

The importance of commissioning

* Commissioning ensures the building is delivered
according to the OPR

A Commissioning Agent can train owners and
occupants to properly use the system(s) for
maximum efficiency

* Ongoing retrocommissioning ensures the system
continues to provide expected performance

* Maintain records to track findings and provide a
quality assurance mechanism

Track and

2R Stay
_|:|_[|_[|J]_ szl informed

Progress
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Operations

* Design with O&M in mind

e Set points and scheduling / \
° Project Project
Develop O&M manual and p_rogram Dr:sj;z;n Implementation O&M Team
* Include equipment specifications
» Coordinate with OPR \ /

* Energy evaluation
* Benchmarking and metering is key

* Train building operators and occupants
* Conduct ongoing commissioning

Track and

2R Stay
_[[I]ﬂ[l_ gl informed

Progress
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Operations

* Meter and monitor energy performance

* Provide real time energy use feedback

 Smart energy meters can be relatively cheap, and also inform on power quality or
used by IT at locations with significant IT infrastructure

e Provide visual display and feedback for users
e Education program for teachers, staff, and students

e Use M&YV, commissioning records, benchmarking to measure and report
regularly

* Building automation system review
« Compare to predictions

Track and

2R Stay
_[[I][[[I_ gl informed

Progress

* Report on progress toward goals




Discussion
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. What ways do you see building systems directly impacting your
staff and students?

. What aspects or systems of your building have been the most
successful? Most challenging?

. What building systems are you most interested in learning about
In Live Session 27




Shannon Oliver Reilly Loveland Falvey
0li021294@adams12.or reilly@newbuildings.org
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