Understanding Your Buildings and
|ldentifying Opportunities for Efficiency SCEP



STATE & COMMUNITY ENERGY PROGRAMS

Welcome
Let's get to know each other! 10 mins
Lesson Plan 1 hour 20
A Recap of Fundamentals mins

A Climatespecific Approaches
A Sustainable Practices DeefDive

Discussion 30 mins
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lcebreaker

The Mentimeter Marmot
returns!

Instructions:

AScan thementimeter
code onyourphone
or enter on your
computer browser.

ARespond to the
prompts and
answers will
populate real time.
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L SCEP
Course Objective

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

1. Participants will be able to identify major energy using systems common mn 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.

AmericanMade Energy CLASS Prize | U.S. Department of Energy 6
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Why building science matters to schools

AUpgrades to school facilities can:
VImproveair quality
VImprove comfort and health conditions

V Support better student learning

V Provide significantreductions in school energ
bills

V Help to stabilize utility costs for annual
budgeting

V Opportunities for safety and security

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

Source: https://www.energy.gov/eere/buildings/efficientand-healthy-schools
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Covered In Module 1

—oundational energy and carbon concepts in buildings
Health, safety, and comfort issues
ntroduction to the building as a system
Project planning
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2045

Carbon Neutral
School Building
Portfolio

Engage Find

Stakeholders champions ¥ ... $

Align With Implement zero
Building energy, all-electric

Portfolio-wide

and renewable New Construction

m Lifecycle Events I energy consumption

Assess Benchmark energy projects y i
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System Replacement
Always replace with “better-than” systems.
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Todayos goal s

ABuild on the themes and concepts of Module 1

AGet into the weeds on:
A Climatespecific project considerations
A Specific building systems




Climate-specific Approaches
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Which Climate Zone Are You?
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IECC Climate Zones

[ 1A Very Hot Humid
[l 2AHot Humid
[ 2B Hot Dry
[l 3Awarm Humid
[] 3Bwarm Dry
[ 3C warm Marine
[] 4AMixed Humid

- ‘ [] 4B Mixed Dry

- [] 4C Mixed Marine

1A _’ ] [ 5A Cool Humid
[] sB Cold Dry
Il 5C Cool Marine
[ 6ACold Humid
[7] 6B Cold Dry
Il 7 Very Cold
[l 8 Subarctic/Arctic

3C

i AI i
Source: https://codes.iccsafe.org/content/IECC2021P1



Climate specific design

HDD = How often the temperature is below 65F

Heating degree days by census division in 2022
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CDD = How often the temperature is above 65F

Cooling degree days by census division in 2022

West Midwest Northeast
I;’%%gc West North
Mountain Central East North ME
Coniral Middle  §F New
Atlantic ey nglan
842 WA
W et

N

South

ﬂn ‘ Atlantic
2,296
East South
Central
West South 1.728
Central

2989 South

/_'\ Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.11, July 2023
Id" Note: Population-weighted degree days. Pacific division includes Alaska and Hawaii.
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Climate specific design

AClimate zone determines:
A Energy code requirements
A Heating and cooling demand
A Where buildings use more energy

AOther regional factors:
A Precipitation

A Flooding and stormwater
management

A Tornadoes and high winds
A Seismic events

A Forest fires

A Solar availability

A Outdoor air pollution levels

MARINE COLD / VERY COLD

MIXED-HUMID

HOT-DRY / MIXED-DRY

HOT-HUMID

Source: https://www.energy.gov/eere/buildings/buildingamericaclimate-specificguidance
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Sample School Considerations

Climate Zone

Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ftz with baseboard
heating and no air conditioning

Retrofit case:

Rising temperatures and frequent wildfire smoke prompt the need for
air conditioning and highkguality ventilation

Options:

AHeat pump for higkefficiency heatingand cooling

ADedicated outdoor air system with MERV13 filters for ventilation
ABlower door test and air sealing to limit air infiltration

AmericanMade Energy CLASS Prize | U.S. Department of Energy 14
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Sample School Considerations

Climate Zone

Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ftz with baseboard
heating and no air conditioning

Operation:

ATemperate climate allows for natural ventilation via operable windows
and economizer control for much of the year

ANight flush control to cool the building overnight in the summer

AAir quality monitoring educates building operator on when to avoid
natural ventilation

ALighting systems respond to available daylighting (or lack thereof in
the winter)
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Sample School Considerations

Climate Zone

Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ftz with baseboard
heating and no air conditioning

Maintenance:

ACoastal climate leads to shorter equipment lifespan and more regular
maintenance checks of outdoor equipment exposed to salty
conditions

AFrequent filter replacemen® particularly during wildfire season

AAdditional backup filters and maintenance equipment in stock due to
rural setting
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Sample School Considerations

Climate Zone

Southeast US 1A (Hothumid)  Urban city 1990s build, 300,000 ft2 with rooftop units
center and gas heating

Retrofit case:

Major HVAC equipment is approaching ewdHife, and the school
received a grant for an electric school bus

Options:

ARep_Iace rooftop units with efficient heat pump counterparts
equipped with energy recovery ventilation

AAdd electrical infrastructure for EV chargers while electricians are on
site for HVAC work

AmericanMade Energy CLASS Prize | U.S. Department of Energy 17
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Sample School Considerations

Climate Zone

Southeast US 1A (Hothumid)  Urban city 1990s build, 300,000 ft2 with rooftop units
center and gas heating

Operation:

AOutside conditions are typically too hotpo humid, too polluted, or
too noisy for natural ventilation during school hour& opening
windows Is discouraged

AWhen nighttime conditions allow, flush the school to cool the building
overnight

ALighting systems on the perimeter of the school are dimmed in
response to long periods of available daylight



. . SCEP
Sample School Considerations

Climate Zone

Southeast US 1A (Hothumid)  Urban city 1990s build, 300,000 ft2 with rooftop units
center and gas heating

Maintenance:

ALarger school has many rooftop unitd clear documentation and
maintenance tracking is key

AEquipment is nearing eneflife & make a replacement plan to not be
caught without cooling during a heat wave

ARegularly check for signs of moisture where it shouldn't be due to
high humidity
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Importance of an energy model

ABuildings arecomplex systems

AEnergy models help to:

Aldentify the most impactful retrofit measures by comparing a baseline
model and a design model

AlInform the best design for new construction or major renovations
ADesign upgraded building systems (e.g., HVAC)



https://www.energy.gov/eere/buildings/articles/building-energy-modeling-101-what-it-and-what-does-role

Example questions a modeler will ask

AWhen is the weather "comfortable?"

A Do operable windows make sense for this project?

AWhen will HVAC systems be necessary?

AWhat is the topography and how does it impact wind conditions?

A How should the building be oriented to take advantage of natural
ventilation potential?

A Do we need to control solar gains for thermal or visual comfort?
A What other design strategies are appropriate for this climate?

A Do | need to do anything special to comply with a code or standard?

AmericanMade Energy CLASS Prize | U.S. Department of Energy
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Key consideration: designing with the sun

AEstablish the building on an eastvest axis and minimize east
and westfacing glass

ASinglestory designs maximize daylighting

Aln multiple-story schools, minimize the depth of the rooms to
maximize daylighting

Summer Summer
Winter ~ Sun winter  SU

Albuquerque, . Portland,
New Mexico | Oregon

LA

Source:NREL -



https://www.nrel.gov/docs/fy02osti/29986.pdf

Sustainable Practices Deegive
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Recap: Major building elements

Building systems

: : A HVAC
Onsite energy generation and storage | A Water heating
A oy A Lighting

A Kitchen equipment

A Electrical systems

, s A Plug and process loads
"X ] ‘, i A Controls

~ T S \-“'"‘L ) a:‘;{i':' y,f_v. ros—
: o=

“
- ""3. k o . -~
- -

\\\\\\\\\\\\\\\\\\’/ ‘

Building Envelope

A Roofs and walls

A Foundation

A Windows and doors




Key resource: KL2 Advanced Energy SCEP

Design Guide (AEDG)

Building and site planning (BP) Site selectionand building orientation

Envelope (EN) Air leakage control, thermaiass

Daylighting (DL) Daylightingand view impact on student performance

Electric lighting (EL) Lightemitting Diode (LED)/Soliebtate Lighting (SSL)Control
strategies

Plug load management (PL) Policy, controls, monitousage

Kitchen equipment (KE) Menu design, efficiency equipmentontrols

Servicewater heating (WH) Efficiency,controls, heat recovery

HVAC (HV) Distributed generation,system selection, DCV

Renewableenergy (RE) Sizing, storage, metering, rates

https://lwww.ashrae.org/technical-resources/aedgs/zeroenergyaedgfree-download
AmericanMade Energy CLASS Prize | U.S. Department of Energy 25
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Key Resour ce: DOEO s

Bt Low Carbon Technol |
Bu||d|ngs® ow Carbon Technology Strategies

U.S. DEPARTMENT OF ENERGY PRIMARY SCHOOL

Driving our nation’s buildings to low and zero carbon saves money, creates jobs, and leads to a healthier
environment and more resilient economy. The table below includes steps that building owners and operators can
implement to achieve smart, healthy, and low-carbon primary schools within their existing building portfolios.
Primary schools often use packaged rooftop units for heating, cooling, and ventilation. Assess current conditions
in your building against the simple, intermediate, and advanced options to begin planning your next steps to
reduce carbon emissions. If you have a commercial kitchen, include low carbon strategies for kitchens (equipment,
ventilation, refrigeration, and water heating).

Lighting Interior * Install Type B tubular TLEDs that e Install dimmable LED retrofit_ * Install retrofit kit or new luminaire
Lighting meet DesignLights Consortium kit or replace with LED with luminaire level
(DLC) technical requirements fixture that meets DLC lighting controls
* Reduce overlit spaces technical requirements * Include integrated daylight and
* Install occupancy sensors or * |nstall daylighting controls and occupancy sensor networked
vacancy sensors occupancy / vacancy sensors lighting controls that meet DLC
* Integrate with building requirements, load shed via

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Primary_School _BB_Carbon_Strategies.pdf

AmericanMade Energy CLASS Prize | U.S. Department of Energy 26



Building Envelope

AA welldesigned, airtight envelope keeps occupants comfortable and
will reduce the overall energy needs of the building.




Movement of Heat, Liquid Water,

Envelope Water Vapor, and Air:
AControls transfer of heat, e oo
moisture, and air
between the inside and Higher ower
outside of the building Elevation Elevation
AWe will focus on heat and
air as the biggest Hiches S
contributors to energy, Concentration Concentration
but donot f c
connected to moisture!
Higher Lower

Pressure Pressure

AmericanMade Energy CLASS Prize | U.S. Department of Energy



(o F g0 =l »

Alr leakage

AMajor cause of energy loss

1

Ventilation
controlled
air flow

ACauses HVAC system to work harder
AEvaluate via blower door testing

[ dh |
AGoal: create a continuous air barrier | D D gy
around roof, walls, and lowest floor Exfiltration: air
I leaking out

AMitigation strategies

A Sealing gaps, seams, and holes vl
(weatherstripping, caulking, spray foam)

A Continuous insulation

Source:DOE Solar Decathlon

Higher Lower
Pressure Pressure

AmericanMade Energy CLASS Prize | U.S. Department of Energy 29



https://www.youtube.com/watch?v=xMRDBN3u78o&list=PLmYUbM-V-WfFjjrrIbWw3oAlN8XW7Oo4M&index=16

Natural ventilation

AOperable windows provide benefits, if
used properly

C Open windows when the air outside Is
cooler and drier than inside in the warm
season

C Consider safety, noise, pollution, and other
factors before opening windows

C Ensure that HVAC is not running when
windows are open

Higher
Pressure

Lower
Pressure




Natural ventilation strategies

ACross ventilationopen windows at
opposite ends of a room or building

AStack ventilation:open windows at a high
and low point (warm air rises)

ANight flushing to coolppen windows at N
night to cool down the building 6,40 i
ACombine with active systemssome control Il
systems can automatically operate | i
windows based on outside air conditions ﬂ |

and time of day

Source:WindowMaster

Higher Lower
Pressure Pressure



https://www.windowmaster.com/expertise/natural-ventilation-and-mixed-mode-ventilation/natural-ventilation-strategies/
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Envelope materials: U and Ralues

Metric Used for

Definition Scale

U-value Glass
(or Ufactor)

The magnitude of heai 0.1 (little loss) to
flow or heat loss. 1.0(high loss)
Lower = better

R-value Walls,
floors,
roofs

Resistance to heat 1 (solid board) to
flow or heat loss ~60
Higher = better
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Envelope materials: Effective Ralue

AOverall thermal resistance of thassembly
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https://www.sbcmag.info/news/2017/jun/comparing-continuous-insulation-r-values-steel-vs-wood-framing
https://beodom.com/en/education/entries/fighting-thermal-bridges-or-how-to-make-better-buildings.html
https://link.springer.com/chapter/10.1007/978-3-030-30679-3_8

SCEP
Roof and wall performance

Wall Rated Product 1D #: W000-0000

] Initial - Aged
ARoof and wall material can have a ERRC Solar RS | 0 Thencing
significant Iimpact on energy use i peocean et et ey

ASel ect oO0cool roof 6 and Okeo@dmoWal
(not necessarily white!) with higher Solar
Reflectance (SR), Thermal Emittance (TE),
and Solar Reflectance Index (SRI)

AConsider PV suitability
AMaintain access to unobstructed sun

Source:LBNL Heat Island Group

m - -

AmericanMade Energy CLASS Prize | U.S. Department of Energy 34



https://heatisland.lbl.gov/coolscience/cool-roofs
https://coolroofs.org/programs/wall-rating-program/using-the-label-2

. <+— Double-glazed
Windows and doors J window”

OUTDOORS INDOORS
AHeat moves from warmer to colder areas

ARadiation:heat gain through the glass

AMitigated with lowE coatings %(j
AConvectionthrough the edges and frame

Convection
and
conduction

<+ = |-

AConduction:between the panes s

AlLeakage:between operable sash and Thermmal

fram e Source:Dawson Metal radiation



https://www.dawsonmetal.com/types-of-heat-loss
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Window performance

QQ World's Best

ASingle, double, or triple pane kS Window Co.

Millennium 2000+

I 1C1 NBI%;—%?JT?P;"‘ oul Uényl:;:.;d .:Ilhllmrmg}rljraim-E ow
ASolar heat gain coefficient (SHGC) Doutle Glazng - Argon il Low'
ASolar energy allowed through window (0O = nOne) ™ ENERGY PERFORMANCE RATINGS

U-Factor (U.S./I-P) Solar Heat Gain Coefficient

AVisible transmittance (VT)
AOpaque (0) to transparent (1) 0-27 0-25

ADDITIONAL PERFORMANCE RATINGS

Visible Transmittance Air Leakage (U.S./I-P)

0.51 | <0.3

Manufacturer stipulates that these ratings conform the applicable NFRC procedures for
determining whole product performance . NFRC ratings are determined for fixed set of
environmental conditions and a specific product size. NFRC does not recommend any
product and does not warrant the suitability of any product for any specific use. Consult
manufacturer's literature for other product performance information.

wrwrwnfrc.org

AAir leakage
A0 = airtight

https://www.nfrc.org/energy-performancelabel/
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Using windows for daylighting

AReduces electric lighting needs and
minimizes solar heat gain without
compromising illumination levels or
creating glare

AProvides views to the outside for safety
and comfort

Almpacted by space layout, colors and
textures

AControlling for comfort
A Exterior Shading Source:Lighting Research Center
A Interior shades



https://www.lrc.rpi.edu/programs/daylighting/pdf/SmithCaseStudyFinal.pdf

Using windows for daylighting

AReduces electric lighting needs and . //////{/%/‘//
minimizes solar heat gain without \/ .

compromising illumination levels or

creating glare .
°‘\ = \Z’,(. EXS
AProvides views to the outside for safety?[ e e | =
and Comfort stsl 1185 lux 996 lux ~_ j |
= =

Almpacted by space layout, colors and
textures

AControlling for comfort
A Exterior Shading Source:Lighting Research Center
A Interior shades



https://www.lrc.rpi.edu/programs/daylighting/pdf/SmithCaseStudyFinal.pdf
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Daylighting

INTERIOR SHADING

AAEDG provides multiple examples

—

Roller Shade Blinds Draperies

SPECIAL GLAZING

NANANNNNN
CCCCCaaCalcecC

Blinds between glass Light Redirection  Spectrally Selective
Glazing

https://www.ashrae.org/technical-resources/aedgs/zeroenergyaedgfree-download



External shading

Summer Winter

AGoal: Maximize occupant comfort to

«Q
minimize unwanted heat gain and glare %é% S
. “/.-'_.\\\\\ \
Almportant to consider solar angles \ ﬁ -
AExample strategies: iving e \

AVegetation/landscaping

AOverhangs
AVertical fins SN
AlLightshelves .

Source:ArchFMonarch



https://archi-monarch.com/building-shading/#:~:text=Examples%20include%20eaves%2C%20awnings%2C%20and,is%20more%20difficult%20to%20shade.

Heating, Ventilation, and Air Conditioning (HVAC)

ASpace heating is the largest energy user in schools. Combined with
cooling and ventilation, it accounts for 64% of annual energy use.




HVAC Systems

HVAC system provide warm and cool air to the building and control
humidity to ensure occupants are comfortable

In nonresidential buildings, HVAC systems are responsible for bringing
fresh, filtered air to the building

HVAC is often the number one energy consumer in a building

Highefficiency heat pumps and energy recovery systems can significantly
reduce energy consumption

AmericanMade Energy CLASS Prize | U.S. Department of Energy 42



SCEP

STATE & COMMUNITY ENERGY PROGRAMS

Common HVAC Systems

Rooftop Units (RTUS)

Air Handling
Units (AHUS)
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HVAC efficiency metrics

ACoefficient of Performance (COP) 5
AEnergy generated vs. energy required
(input)
AEnergy Efficiency Ratio (EER) \ § /
A Cooling output / energy input o

ASeasonalEnergy Efficiency Ratio
(SEER) v Ry
ACooling output / energy input, for a

specified season
Aln all cases, higher = better )

Output less than 1 apple Output of 5 apples

&,
=

https://www.lghvacstory.com/hvacefficiency/




Efficient HVAC system options

——

AOther options:

AAir to water heat pump
A Replacing hydronic gas boilers

AGeothermal heat pumps

a

https://methodeg.com/blog/vrf fork12 https://www.wmhendersoninc.com/heating/ductless-split-systems/




Key considerations

ASelecting a system

Proper sizing

Location (weight, ambient conditions for heat
pumps)

Efficiency

Upfront and operational cost (ROI)

Noise

Low GWP refrigerant

Retrofit options (economizer, variable speed fan,
DCV)

O 0000 00

Source:Pioneermini-split

AmericanMade Energy CLASS Prize | U.S. Department of Energy 46


https://www.pioneerminisplit.com/products/12-000-btu-ductless-dc-inverter-mini-split-air-conditioner-heat-pump-115-vac

Key considerations

Alnstallation
C Commissioning
C Controls

AMaintenance
¢ Filters
C Test and seal ducts
C Test and repair dampers

i"—. .‘.‘,e _-.f':';" = : € : \ T—_— - = R
https://www.achrnews.com/articles/124595 -doeleaky-ducts-are-top-energy
waster



Mechanical ventilation

AMechanical ventilation
requirements are dictated [ — o

HEAT PUMP

EXHAUST AIR

by code and vary by W HL
K i

location
A

APrioritize separation of T __JN R——
Ve nti I ati O n fro m WITH MECHANICAL HEATIHGIDOQLIHE“A;II::T M.
Cond Itlon I ng EXISTING BUILDING PROPOSED RETROFIT BUILDING

AUtilize dedicated outside
alr systems (DOAS)

Source:BetterBricks



https://betterbricks.com/uploads/resources/VHEDOAS_Comprehensive-Design-Guide.pdf

| o SCEP
Mechanical ventilation

The climate conditions where you live

AHeat Recovery Ventilation (HRV): Selecting -

ATransfers heat energy between the supply The Right Unit et oty Vet oranErny
and exhaust airstreams

ki cires i gt oy
AEnergy Recovery Ventilation (ERV):
ATransfers both moisture and heat

seasons. ERAV's are used for warmer
mare humid climates with long cooling
ACan significantly reduce RTU compressor
and/or furnace run time

seasons. Use map for reference.

Cold Dry Climate
ABalances ventilation

AChoosing one or the other depends on

HRV Required
Varlahle Conditions
CI | mate Source:ENERGY STAR

HRV Recommended

Pacific Conditions
HRV Recommended

Hot Dry Climate
HRV Recommended

. High Humidity
ERV Required



https://www.energystar.gov/sites/default/files/NRCan_Presentation.pdf

Electrical Systems

AAn inefficient electrical distribution system in a school can result in
degraded power quality, the introduction of wasteful harmonics, line
losses, and additional costs from the utility




Electrical systems

AUpgrades may be needed due to:
A Addition of onsite renewables
AElectrification of major building systems
A Addition of EV charging infrastructure

Source:Electric School Bus Initiative

STATE & COMMUNITY ENERGY PROGRAMS



https://electricschoolbusinitiative.org/tools

. SCEP
Electrical system upgrades

AWhen considering projects that may impact the electrical system:
C Talk to utility representative, qualified electricians
C Know meter location(s) and number(s), panels and circuit breakers
C Make sure panel box directories are up to date

Source:PreFast



https://www.prefast.com/products/two-story-buildings/electrical-rooms

. . SCEP
Electrical system best practices

AOversized equipment adds to peak electrical loads and does not
operate as well at par{oad conditions.

AUse highefficiency motors and, where appropriate, variable
frequency drives.

ASelect fans and pumps for the highest operating efficiency at the
typical operating conditions.

AUse timers to limit the duty cycle of heaters when they are not in
full use.

ASelect energyefficient appliances.



Lighting Systems

ATunable LED lighting has been shown to increase reading speed and
reduce errors during testing, in addition to providing benefits to
teachers

Source: https://doi.org/10.1016/j.physbeh.2011.09.020

AmericanMade Energy CLASS Prize | U.S. Department of Energy 54


https://doi.org/10.1016/j.physbeh.2011.09.020
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Lighting: efficiency tips

Ways to reduce lighting energy use:

1. Minimize the need for electric lighting by using daylighting
strategies

2. Replace older lights with LEDs
Utilize controls
4. Educate and engage occupants

o

1
T
HE NReNEEE I
i I= ui bis
£ S5EEEEE
— !“!! o Ul T
= T T e

S5




Installing LEDs

Depending on the existing
fixture, retrofit options such as
a retrofit kit or tubular LED
(TLED) may be an option

Source:DOE

Prismatic Lensed — This was the original
troffer design. It utilizes a flat lens and is
required in clean rooms, food processing
areas, and some healthcare applications.

Parabolic Louvers — The vast majority of
troffers in offices are parabolic louvers. The
louvers act to reduce glare from fluorescent
lamps. When TLEDs are installed, there
might be more glare because of differences
between the light distribution of the TLEDs
and fluorescent lamps.

Recessed Indirect — These are “softer” in
appearance. The perforated metal reduces
light output and addresses glare. However,
these fixtures are very inefficient. More than
50% of the light generated by the flucres-
cent lamp can be absorbed by the perforat-
ed metal.

Volumetric - These are lensed froffers
where the lenses contour around the
fluorescent lamps. The term volumetric was
coined because these froffers light high on
the wall, making the space feel brighter
while managing potential glare.

High Performance - These are next-
generation volumetric troffers. The optical
system has been maximized for light output
while the distribufion has been optimized
to properly light the space.

Color key to components:

() = lamp = = reflector
B =housing = =louvers
B = ballast = = |ans

@ = few limitations

= proceed with
caution



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/led_troffer_retrofit_guide.pdf
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Sports field LEDs

AThe projected savings for moving to LED lighting
over a 10vyear period are$133,000 for a typical
sports complex

ALEDs offer a variety of nofinancial benefits:
V Reduced glare
VNo warmup time
V' No hazardous waste
V Remote monitoring

AmericanMade Energy CLASS Prize | U.S. Department of Energy 57
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Lighting controls

ASo many options!

AManual controls AVacancy sensors
ADimmer switches AVoicecontrolled technology
ATimers APhotosensors
AOccupancy sensors ADaylighting controls

ABest choice will depend on:
ACost
A Complexity
AElectrical considerations
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Controls & Integration Systems

ABuilding controls are an easy way to minimize energy use while
maintaining building operations and occupant comfort.
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Controlsd guiding principle

Keep It simple.
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Controls

ASystems that can be controlled: A Sensors may include:
AWindows & shading A Temperature
AHVAC A Humidity
ALighting A Light levels

| A Occupancy
A Security A Scheduled hours
APlug loads

. . . - \ft\\\\ N . ,‘\ _ Sensor @
AControls can enable communication with utilit - sy L
.. i CONIE BFCTITIIG T !
to participate in demand response Oudoor I8 e - 1: _: i
AFollow ASHRAE Guideline 36 standards RN

Source:NREL



https://www.nrel.gov/docs/fy22osti/80171.pdf
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Controls

(&Systems that can be controlled:
AWindows & shading

AHVAC

ALighting

A Security

\_ APlug loads

_® Sensor @
-§-—- Controllable =~~~
nghtlng T HVAC

EMCS
CONE R d 1 e bl
Outdoor |G |F¢-~~~"~"T9~~~~-5
conditions || S5 | B L—

i I
: Smart Control :
i Algorithm I
I I
[ I

-

: 1
N
E

! __ Utility
~ Demand Signal

Source:NREL



https://www.nrel.gov/docs/fy22osti/80171.pdf

Controls recommendations: EMIS

Data
Sources

AGathers data from a
variety of sources to
monitor, analyze and
control building energy
use

utiity (2= —s
ility ()=
Bills %

Interval —
Meters g/

Weather (8:- —_—
Stations

Building —
Automation
System (BAS)

loT omm—
Devices
Distributed BHEH

Energy booecd
Resources ]IB

Source:DOE Better Buildings

Data
Warehouse
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STATE & COMMUNITY ENERGY PROGRAMS

EMIS
Capabilities

Monthly Data Analytics

Energy Information System
® Interval Meter Data Analytics

® Advanced M&V
(Measurement and Verification)

Fault Detection and Diagnostics

Automated System Optimization



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/EMIS_Primer_Organizational_Use.pdf
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Controls recommendations: HVAC

Controls and Install or Widen zone temperature dead ¢ Add controls to support holiday ¢ Reduce airflow to zones during

Analytics Upgrade band on existing thermostats scheduling, optimal start, and unoccupied times by integrating
Controls ¢ |nstall wireless networked additional monitoring points occupancy sensors from the

thermostats to centrally manage * Reduce airflow to zones during lighting control system into the
heating/cooling set points, unoccupied times with zone- HVAC control system
setbacks, and schedules level DCV * Implement controls that

* Implement building * Implement demand limiting RTU integrate building loads,
Re-tuning™ process controls and continuous demand thermal/battery storage, on-site

* Automatically shut off equipment ~ management co-generation plants, PV, and
(exhaust ‘|7ar'|5Ir room air cleaners, EV r:harglng to pmwde demand
other loads) during flexibility
unoccupied times (Market Brief)

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Primary _School BB_Carbon_Strategies.pdf



Water Heating
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Water heating

Ways to reduce water heating energy use:

1. Lower hot water needs overall

ALowflow handwash sinks, kitchen fixtures, and showerheads (if applicable)
AFix leaks

2. Right size or evaluate system use
3. Install a more efficient water heater
4. Insulate piping and storage tanks
5

. Evaluate the efficacy of recirculation systems
Alf a pump is necessary, install a timer
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Water heating: selecting a system

. cold waterin

V Size to meet the peak hot water load

ADOE provides sizing guidance:
https://www.energy.gov/energysaver/sizinenew-water-heater

V System placement: closer to fixtures = better

hot air in
hot water out

V System type: Dot purg -

ATankstyle water heaters best for centralized, higher
volume draws (typically stores 30 to 80 gallons)

ATank | e safu ® esi far placing close to
fixtures that only need a small amount of hot water at ¢ -
time (typically 2 to 5 GPM)

— electric heating
elements

water tank
condenser coll
filled with hot

refrigerant heats
water in tank

Source:NREL


https://www.energy.gov/energysaver/sizing-new-water-heater
https://www.energy.gov/eere/buildings/articles/regional-variation-residential-heat-pump-water-heater-performance-united

. . SCEP
Water heating: key metrics

AUniform Energy Factor (UERmount of hot water produced per
unit of fuel consumed. Higher = better

Water Heater Type Typical UEF

Electric tankless 0.80 -0.99
Electric HPWH 2.804.0

AFirst Hour Ratingamount of hot water produced per hour (gallons)
A Applies only to tankstyle water heaters

ASelect anENERGY STAR Certifiagter heater!



https://www.energystar.gov/productfinder/product/certified-water-heaters/

Kitchens

The pathway to perfectly cooked eggs




STATE & COMMUNITY ENERGY PROGRAMS

Kitchens: efficiency tips

Ways to reduce school kitchen energy use:

V Improve efficiency

A Select ENERGY STAR appliances for available categories
A Transition to highefficiency induction cooktops
A Evaluate menu options to reduce cook times

V Review your exhaust system
A Upgrade exhaust ventilation systems
A Reposition appliances to minimize exhaust rates

V Keep up on appliance maintenance
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Kitchens: strategies

AUS DOE®Gs Better
Buildings offers
comprehensive low
carbon kitchen
recommendations for
equipment, ventilation,
refrigeration, and water
heating

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Kitchen_Resource_ BB _Carb
on_Strategies.pdf



