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Understanding Your Buildings and 
Identifying Opportunities for Efficiency 
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Welcome

Let's get to know each other! 10 mins

Lesson Plan

Å Recap of Fundamentals

Å Climate-specific Approaches

Å Sustainable Practices Deep-Dive

1 hour 20 

mins

Discussion 30 mins
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Today's Presenters

Dimitri Contoyannis

President

Model Efficiency

Mischa Egolf

Technical Associate

New Buildings Institute
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Icebreaker

Instructions:

ÅScan the mentimeter 
code on your phone 
or enter on your 
computer browser.

ÅRespond to the 
prompts and 
answers will 
populate real time.

The Mentimeter Marmot 

returns!
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Introduction
Recap of Fundamentals
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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 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.
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Why building science matters to schools

ÅUpgrades to school facilities can:

VImprove air quality

VImprove comfort and health conditions

VSupport better student learning

VProvide significant reductions in school energy 
bills

VHelp to stabilize utility costs for annual 
budgeting 

VOpportunities for safety and security

Source: https://www.energy.gov/eere/buildings/efficient-and-healthy-schools

Student Performing Energy Audit, Los Angeles USD, CA

Credit: Los Angeles USD
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Covered in Module 1

V Foundational energy and carbon concepts in buildings

V Health, safety, and comfort issues

V Introduction to the building as a system

V Project planning
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Todayõs goals

ÅBuild on the themes and concepts of Module 1

ÅGet into the weeds on:

ÅClimate-specific project considerations

ÅSpecific building systems
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Climate-specific Approaches
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Which Climate Zone Are You?

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

HDD = How often the temperature is below 65F CDD = How often the temperature is above 65F
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Climate specific design

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

ÅClimate zone determines:
ÅEnergy code requirements

ÅHeating and cooling demand

ÅWhere buildings use more energy

ÅOther regional factors:
ÅPrecipitation

ÅFlooding and stormwater 
management

ÅTornadoes and high winds

ÅSeismic events

ÅForest fires

ÅSolar availability

ÅOutdoor air pollution levels
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Sample School Considerations

School Location Climate Zone Setting Condition

A Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ft² with baseboard 

heating and no air conditioning

Retrofit case:

Rising temperatures and frequent wildfire smoke prompt the need for 
air conditioning and high-quality ventilation

Options:

ÅHeat pump for high-efficiency heating and cooling

ÅDedicated outdoor air system with MERV13 filters for ventilation

ÅBlower door test and air sealing to limit air infiltration
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Sample School Considerations

School Location Climate Zone Setting Condition

A Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ft² with baseboard 

heating and no air conditioning

Operation:

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

ÅNight flush control to cool the building overnight in the summer

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

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

School Location Climate Zone Setting Condition

A Pacific Northwest 4C (Marine) Coastal rural 1960s build, 20,000 ft² with baseboard 

heating and no air conditioning

Maintenance:

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

ÅFrequent filter replacement ð particularly during wildfire season

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

School Location Climate Zone Setting Condition

B Southeast US 1A (Hot-humid) Urban city-

center

1990s build, 300,000 ft² with rooftop units 

and gas heating

Retrofit case:

Major HVAC equipment is approaching end-of-life, and the school 
received a grant for an electric school bus

Options:

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

ÅAdd electrical infrastructure for EV chargers while electricians are on 
site for HVAC work
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Sample School Considerations

Operation:

ÅOutside conditions are typically too hot,too humid, too polluted, or 
too noisy for natural ventilation during school hours ð opening 
windows is discouraged

ÅWhen night-time conditions allow, flush the school to cool the building 
overnight

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

ÅfooSchool Location Climate Zone Setting Condition

B Southeast US 1A (Hot-humid) Urban city-

center

1990s build, 300,000 ft² with rooftop units 

and gas heating
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Sample School Considerations

Maintenance:

ÅLarger school has many rooftop units ð clear documentation and 
maintenance tracking is key

ÅEquipment is nearing end-of-life ð make a replacement plan to not be 
caught without cooling during a heat wave

ÅRegularly check for signs of moisture where it shouldn't be due to 
high humidity

School Location Climate Zone Setting Condition

B Southeast US 1A (Hot-humid) Urban city-

center

1990s build, 300,000 ft² with rooftop units 

and gas heating
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Importance of an energy model

ÅBuildings are complex systems

ÅEnergy models help to:

ÅIdentify the most impactful retrofit measures by comparing a baseline 

model and a design model

ÅInform the best design for new construction or major renovations

ÅDesign upgraded building systems (e.g., HVAC)

Source: DOE

https://www.energy.gov/eere/buildings/articles/building-energy-modeling-101-what-it-and-what-does-role
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Example questions a modeler will ask

ÅWhen is the weather "comfortable?" 

ÅDo operable windows make sense for this project? 

ÅWhen will HVAC systems be necessary?

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

ÅHow should the building be oriented to take advantage of natural 

ventilation potential?

ÅDo we need to control solar gains for thermal or visual comfort?

ÅWhat other design strategies are appropriate for this climate?

ÅDo I need to do anything special to comply with a code or standard?
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Key consideration: designing with the sun

ÅEstablish the building on an east-west axis and minimize east- 
and west-facing glass

ÅSingle-story designs maximize daylighting

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

Source: NREL

https://www.nrel.gov/docs/fy02osti/29986.pdf
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Sustainable Practices Deep-Dive
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Recap: Major building elements

Building systems
Å HVAC

ÅWater heating

Å Lighting

Å Kitchen equipment

Å Electrical systems

Å Plug and process loads

Å Controls

Building Envelope

Å Roofs and walls

Å Foundation

ÅWindows and doors

Onsite energy generation and storage
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Key resource: K-12 Advanced Energy 
Design Guide (AEDG)
Strategy Type Examples

Building and site planning (BP) Site selectionand building orientation

Envelope (EN) Air leakage control, thermalmass

Daylighting (DL) Daylightingand view impact on student performance

Electric lighting (EL) Light-emitting Diode (LED)/Solid-State Lighting (SSL),Control 

strategies

Plug load management (PL) Policy, controls, monitorusage

Kitchen equipment (KE) Menu design, efficiency equipment,controls

Servicewater heating (WH) Efficiency,controls, heat recovery

HVAC (HV) Distributed generation,system selection, DCV

Renewableenergy (RE) Sizing, storage, metering, rates

https://www.ashrae.org/technical-resources/aedgs/zero-energy-aedg-free-download



American-Made Energy CLASS Prize | U.S. Department of Energy 26

Key Resource: DOEõs Better Buildings

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Primary_School_BB_Carbon_Strategies.pdf
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Building Envelope

ÅA well-designed, airtight envelope keeps occupants comfortable and 
will reduce the overall energy needs of the building. 
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Envelope

ÅControls transfer of heat, 

moisture, and air 

between the inside and 

outside of the building

ÅWe will focus on heat and 

air as the biggest 

contributors to energy, 

but donõt forget these are 

connected to moisture!
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Air leakage

ÅMajor cause of energy loss

ÅCauses HVAC system to work harder 

ÅEvaluate via blower door testing

ÅGoal: create a continuous air barrier 

around roof, walls, and lowest floor 

ÅMitigation strategies:

ÅSealing gaps, seams, and holes 

(weatherstripping, caulking, spray foam)

ÅContinuous insulation
Source: DOE Solar Decathlon

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

ÅOperable windows provide benefits, if 

used properly

Ç Open windows when the air outside is 

cooler and drier than inside in the warm 

season

Ç Consider safety, noise, pollution, and other 

factors before opening windows

Ç Ensure that HVAC is not running when 

windows are open



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

Natural ventilation strategies

ÅCross ventilation: open windows at 
opposite ends of a room or building

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

ÅNight flushing to cool: open windows at 
night to cool down the building

ÅCombine with active systems: some control 
systems can automatically operate 
windows based on outside air conditions 
and time of day

Source: WindowMaster

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

Metric Used for Definition Scale

U-value 

(or U-factor)

Glass The magnitude of heat 

flow or heat loss. 

Lower = better

0.1 (little loss) to 

1.0(high loss)

R-value Walls, 

floors, 

roofs

Resistance to heat 

flow or heat loss

Higher = better

1 (solid board) to 

~60
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Envelope materials: Effective R-value

ÅOverall thermal resistance of the assembly

ÅThermal bridges are localized òheat loss 

highwaysó; eliminate as much as possible

Source: SBC Magazine

Source: Beodom

Source: Deep Energy Retrofit

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
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Roof and wall performance

ÅRoof and wall material can have a 

significant impact on energy use

ÅSelect òcool roofó and òcool walló products 

(not necessarily white!) with higher Solar 

Reflectance (SR), Thermal Emittance (TE), 

and Solar Reflectance Index (SRI)

ÅConsider PV suitability

ÅMaintain access to unobstructed sun
Source: LBNL Heat Island Group

Source: Cool Roof Rating Council

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

ÅHeat moves from warmer to colder areas

ÅRadiation: heat gain through the glass

ÅMitigated with low-E coatings

ÅConvection: through the edges and frame

ÅConduction: between the panes

ÅLeakage: between operable sash and 

frame Source: Dawson Metal

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

ÅSingle, double, or triple pane

ÅSolar heat gain coefficient (SHGC)

ÅSolar energy allowed through window (0 = none)

ÅVisible transmittance (VT)

ÅOpaque (0) to transparent (1)

ÅAir leakage 

Å0 = airtight

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

ÅReduces electric lighting needs and 

minimizes solar heat gain without 

compromising illumination levels or 

creating glare

ÅProvides views to the outside for safety 

and comfort

ÅImpacted by space layout, colors and 

textures

ÅControlling for comfort

ÅExterior shading

ÅInterior shades

Source: Lighting Research Center

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

ÅReduces electric lighting needs and 

minimizes solar heat gain without 

compromising illumination levels or 

creating glare

ÅProvides views to the outside for safety 

and comfort

ÅImpacted by space layout, colors and 

textures

ÅControlling for comfort

ÅExterior shading

ÅInterior shades

Source: Lighting Research Center

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

ÅAEDG provides multiple examples

https://www.ashrae.org/technical-resources/aedgs/zero-energy-aedg-free-download
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External shading

ÅGoal: Maximize occupant comfort to 

minimize unwanted heat gain and glare

ÅImportant to consider solar angles

ÅExample strategies:

ÅVegetation/landscaping

ÅOverhangs

ÅVertical fins

ÅLightshelves

Source: Archi-Monarch

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

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

HVAC system provide warm and cool air to the building and control 

humidity to ensure occupants are comfortable

In non-residential buildings, HVAC systems are responsible for bringing 

fresh, filtered air to the building

HVAC is often the number one energy consumer in a building

High-efficiency heat pumps and energy recovery systems can significantly 

reduce energy consumption
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Common HVAC Systems

Rooftop Units (RTUs)

Air Handling 

Units (AHUs)

Chillers and boilers
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HVAC efficiency metrics

ÅCoefficient of Performance (COP)

ÅEnergy generated vs. energy required 
(input)

ÅEnergy Efficiency Ratio (EER)

ÅCooling output / energy input

ÅSeasonal Energy Efficiency Ratio 
(SEER)

ÅCooling output / energy input, for a 
specified season

ÅIn all cases, higher = better

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

ÅAir to water heat pump 

ÅReplacing hydronic gas boilers

ÅGeothermal heat pumps

Efficient HVAC system options

https://www.wmhendersoninc.com/heating/ductless-split-systems/

VRF

https://methodeg.com/blog/vrf -for-k12

Air source heat pumps
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Key considerations

ÅSelecting a system

Ç Proper sizing

Ç Location (weight, ambient conditions for heat 

pumps)

Ç Efficiency

Ç Upfront and operational cost (ROI)

Ç Noise

Ç Low GWP refrigerant

Ç Retrofit options (economizer, variable speed fan, 

DCV)

Source: Pioneer mini-split

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

ÅInstallation

Ç Commissioning

Ç Controls

ÅMaintenance

Ç Filters

Ç Test and seal ducts

Ç Test and repair dampers

https://www.achrnews.com/articles/124595 -doe-leaky-ducts-are-top-energy-

waster



American-Made Energy CLASS Prize | U.S. Department of Energy 48

Mechanical ventilation

ÅMechanical ventilation 
requirements are dictated 
by code and vary by 
location 

ÅPrioritize separation of 
ventilation from 
conditioning

ÅUtilize dedicated outside 
air systems (DOAS)

Source: BetterBricks

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

ÅHeat Recovery Ventilation (HRV):

ÅTransfers heat energy between the supply 
and exhaust airstreams

ÅEnergy Recovery Ventilation (ERV):

ÅTransfers both moisture and heat

ÅCan significantly reduce RTU compressor 
and/or furnace run time

ÅBalances ventilation

ÅChoosing one or the other depends on 
climate Source: ENERGY STAR

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

ÅAn 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
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Electrical systems

ÅUpgrades may be needed due to:

ÅAddition of onsite renewables

ÅElectrification of major building systems

ÅAddition of EV charging infrastructure

Source: Electric School Bus Initiative

https://electricschoolbusinitiative.org/tools
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Electrical system upgrades

ÅWhen considering projects that may impact the electrical system:

Ç Talk to utility representative, qualified electricians

Ç Know meter location(s) and number(s), panels and circuit breakers

Ç Make sure panel box directories are up to date

Source: PreFast

https://www.prefast.com/products/two-story-buildings/electrical-rooms
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Electrical system best practices

ÅOversized equipment adds to peak electrical loads and does not 
operate as well at part-load conditions. 

ÅUse high-efficiency motors and, where appropriate, variable 
frequency drives. 

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

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

ÅSelect energy-efficient appliances.
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Lighting Systems

ÅTunable 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

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

3. Utilize controls

4. Educate and engage occupants 
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Installing LEDs

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

Source: DOE

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

ÅThe projected savings for moving to LED lighting 
over a 10-year period are $133,000 for a typical 
sports complex

ÅLEDs offer a variety of non-financial benefits:

VReduced glare

VNo warm-up time

VNo hazardous waste

VRemote monitoring
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Lighting controls

ÅManual controls

ÅDimmer switches

ÅTimers

ÅOccupancy sensors

ÅVacancy sensors

ÅVoice-controlled technology

ÅPhotosensors

ÅDaylighting controls

ÅSo many options!

ÅBest choice will depend on:

ÅCost

ÅComplexity

ÅElectrical considerations
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Controls & Integration Systems

ÅBuilding controls are an easy way to minimize energy use while 
maintaining building operations and occupant comfort.
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Controls ð guiding principle

Keep it simple. 



American-Made Energy CLASS Prize | U.S. Department of Energy 61

Controls

ÅSystems that can be controlled:

ÅWindows & shading

ÅHVAC

ÅLighting

ÅSecurity

ÅPlug loads

ÅControls can enable communication with utility 

to participate in demand response

ÅFollow ASHRAE Guideline 36 standards

Å Sensors may include:
ÅTemperature

ÅHumidity

ÅLight levels

ÅOccupancy

ÅScheduled hours

Source: NREL

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

ÅSystems that can be controlled:

ÅWindows & shading

ÅHVAC

ÅLighting

ÅSecurity

ÅPlug loads

Source: NREL

Integrate to maximize efficiency!
Å Lighting + ventilation

Å HVAC + room reservation system

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

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

Source: DOE Better Buildings

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

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Primary_School_BB_Carbon_Strategies.pdf
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Water Heating
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Water heating

Ways to reduce water heating energy use:

1. Lower hot water needs overall

ÅLow-flow handwash sinks, kitchen fixtures, and showerheads (if applicable)

ÅFix 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

ÅIf a pump is necessary, install a timer
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Water heating: selecting a system

V Size to meet the peak hot water load

ÅDOE provides sizing guidance: 
https://www.energy.gov/energysaver/sizing-new-water-heater 

V System placement: closer to fixtures = better

V System type:

ÅTank-style water heaters: best for centralized, higher 

volume draws (typically stores 30 to 80 gallons)

ÅTankless òpoint-of-useó: best for placing close to 

fixtures that only need a small amount of hot water at a 

time (typically 2 to 5 GPM)
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
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Water heating: key metrics

ÅUniform Energy Factor (UEF): amount of hot water produced per 
unit of fuel consumed. Higher = better

ÅFirst Hour Rating: amount of hot water produced per hour (gallons)

ÅApplies only to tank-style water heaters

ÅSelect an ENERGY STAR Certified water heater!

Water Heater Type Typical UEF

Electric tankless 0.80 - 0.99

Electric HPWH 2.8 ð 4.0

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

The pathway to perfectly cooked eggs
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Kitchens: efficiency tips

Ways to reduce school kitchen energy use:

V Improve efficiency

ÅSelect ENERGY STAR appliances for available categories

ÅTransition to high-efficiency induction cooktops

ÅEvaluate menu options to reduce cook times

V Review your exhaust system

Å Upgrade exhaust ventilation systems

Å Reposition appliances to minimize exhaust rates

V Keep up on appliance maintenance
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Kitchens: strategies

ÅUS DOEõs 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


