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Course
Description

The importance of energy efficiency in the built environment has become well accepted over the
past few decades. Significant advances have been made in design practices, codes, and
technology that contribute to improved building energy efficiency. Despite these advances, there
remains urgency in making additional gains in energy efficiency to advance building
decarbonization and address climate change.

This session will review how establishing specific energy goals at the design stage for a project
and i i ing high-per measures provide significant additional
opportunity for built environment energy efficiency gains and decarbonization. Technologies
across the building envelope, mechanical system and end uses will be reviewed, highlighting
how intentional design choices can drive these advancements.




Learning
Objectives

At the end of this course, participants will be able to:

. Compare and contrast different energy-related goals for the built environment and their impact
on the intent of the design.

N

. Understand the intersection of built environment energy efficiency and built environment
decarbonization.

w

. Identify emerging high-performance measures that reduce building energy consumption and
help decarbonize the built environment.

IS

. Identify methods and tools for evaluating high-performance measures during the design
process to determine the benefits for a specific project.
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Sefting the Stage
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I National Wind Energy Growth

Monthly U.S. net electricity generation for coal and wind (Jan 2000-Apr 2024) < ]
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Goal Setting




Energy Cost EUI

Payback Net-Zero

co, LEED®
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Nati | Definition of a Zero Emissi Buildi

Part 1 released by the U.S. Department of Energy covers operational carbon output

At a minimum, a building that achieves zero operational emissions from energy use meets the
following criteria:

Energy Free of on-site Powered solely
efficient emissions from from clean energy
energy use

14

Zero Energy Codes

IECC 2024
ASHRAE 90.1 2022
Zero Code 2.0

Contain cost-effective energy
efficiency strategies

Elevate basis of design

15
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I Zero Energy EUl Targets

EUI Targets, kBTU/ft?/year

Primary School
Low-Rise Apartment
Medium Office
Small Office
Secondary Sehool
Public Assembly
Standalone Retail®

Mid-Rise Apartment
Strip MalF
High-Rise Apartment

Warehouse
Small Hotef

Fire Station™

I Peer Comparisons

ZE - Emerging

*Stars indi

Site EUI (kBtuw'stiyr)

Additional Resources

= ZEROTool

2030 Palette

AIA Design Data Exchange
COTE® Super Spreadsheet
COTE® Top Ten Award Projects

CNC Excellence in Energy Efficient ::j':"':'ﬁ"mwn
Design Awards

Advanced Energy Design Guides

Utility Programs
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Goal Setting Take Away

p

Energy Free of on-site Powered solely
efficient emissions from from clean energy
energy use

High Perfformance Measures

Building Envelope
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Building Envelopes

= Improve Insulation
= Good air sealing
= Improve the glazing

= Proper window placement and
shading

22

I Roof and Wall Insulation

2010 2013 2016 2019

ASHRAE 90.1 Standard/Guide

Non-metal fixed U-value

U-value: 0.34
SHGC: 0.34

Non-metal fixed SHGC

U-Value and SHGC

2004 2007 2010 2013 2016 2019 2022
ASHRAE 90.1 Standard/Guide




Advanced Glazing
R14+ Vacuum Insutating Giass (VIG) Unit

Vacuum insulated glass
= Up to R-18 in production

Electrochromic glass

= Increase SHGC during the winter /
and reduce it during the summer

Thin triple pane windows

= “Starting to make more economic
sense” - PNNL
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Efficient Electric Heat

The Shift from Gas Heating to Heat Pumps: Why It Matters

= Many homes in the Midwest rely on gas
heating, which contribute to higher
emissions and rely on the fluctuating
energy costs

With advancements in heat pump
technology, these systems are emerging
as a viable solution, especially in cold
climates

Source: Comparing Feel: Heat Pump vs Gas Furnace for Home Warmth

27




Heat Pumps - Configurations

= Common Nomenclature for Heat
Pumps follows the following

construct:
(Blank) to (Blank)

Heat Source to Distribution Fluid
= Air Source Heat Pumps

Air to Air
Air to Water

= Water Source Heat Pumps
Water to Air
Water to Water

= Ground Source Heat Pumps
Ground to Air
Ground to Water

= Dual Fuel Heat Pumps
Source: C Guide to Heat Pumps for California Homeowners

= Absorption Heat Pumps

9/23/2024
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Carbon Emissions Per MMBTU of Heat

Demand-Side

Carbon Emissions per MMBTU of Heat
(Lbs CO,/MMBTU)

‘Outdoor Air Temperature (*F)

aswp GsHp FossilFuel GSHP and ccASHP with Renewable Electricity

29

Heat Pump-VRF

VRF stands for "variable refrigerant flow"

VRF systems move refrigerant directly rather than
using air or water as an in-between

Refrigerant phase changes pack a lot of punch —
more energy per unit pound or volume

This requires that they have variable capacity, and ((0C (666
thus excellent part load performance. cooling heating

Some systems can provide simultaneous heating
and cooling
Important for hotels, hospitals, offices, schools Source: Introduction to VRF Technology
This gives us the SCHE — Simultaneous Cooling
and Heating Efficiency — for VRF units

I —

30
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Air-to-Water Heat Pump

Water-to-Air Heat Pump

Water-to-Water Heat Pump

Ground-to-Air Heat Pump

Ground-to-Water Heat Pump

Heat Pump Applications

Heat Pump Configurati Applications

Air-to-Air Heat Pump

institutions, and hotels

healthcare facilities

theatres/auditoriums

hotels

healthcare facilities

Residential homes, small offices, retail spaces, and restaurants

Residential buildings, small to medium-sized offices, educational

Large residential homes, commercial buildings, data centers, and

Large commercial properties, manufacturing facilities, and

Residential homes, educational buildings, office buildings, and

Residential homes, large commercial buildings, fire stations, and

9/23/2024
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Heat Pumps vs. Gas Heating: A Comparative Analysis

Advantages Disadvantages

Energy Efficiency

Cost Savings
Environmental Benefits
Dual Functionality

= Upfront Costs

= Electrical usage

Source: Heat Pump vs Gas Furnace: Which one is better?

= Performance in extreme cold

32

Overcoming Challenges in Heat Pump Adoption

= Cost Mitigation Source: Home Upgrades

Incentives and Rebates

Financing options

= Improving Performance

Advanced Technology

Supplemental Heating

= Electrical Upgrades
System Assessments

Energy Efficiency Improvements

1 2%

Source: Do heat
umps work in cold
climates?

33
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Domestic Hot Water
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Heat Pump Water Heating System

= A system that heats water by transferring it @
heat from one place to another using a e
refrigeration cycle, rather than generating
heat directly

Tank

= Typically includes an evaporator, compressor, P
condenser, and expansion valve Integrated Unit

Tank

= Extracts heat from the air, ground, or water
and transfers it to the water in the tank

Heat Pump.

= Uses electricity to move heat rather than > 1
generate it, often resulting in efficiency 2 to | /‘ @‘J
4 times more than traditional electric
resistance water heater Splttiinty

35

Packaged HPWH unit

Heat pump operation
= A compressor and evaporator are integrated =X
into a single appliance to draw in ambient heat
from surrounding air.

Refrigerant condenser coils wrap the inside of
the storage tank to heat the water.

This type of equipment can be used in building
types where the tank storage volume and
recovery rate are sufficient to meet the
domestic hot water demands.

Gene aynes

Source: Water Heater Timers Save Money.

36
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Central HPWH Systems

Central HPWH systems are typically found in
larger buildings or those with high hot water
demands (e.g., hotels, hospitals, multi-family,
etc.) and combine multiple storage tanks and
HPWHs engineered to meet specific hot water
usage demands.

Central HPWH systems can consist of split units
or packaged units.

= Central systems serve the entire building out of
one DHW plant and includes a hot water
recirculation line with circulating pump.

Source: NEEA Advan
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Refrigerants

Low Global Warming Potential Refrigerants

= Traditional refrigerants with high GWP significantly
contribute to global warming and climate change.

= |n the United States, the American Innovation and
Manufacturing (AIM) Act, signed into law in December
2020, mandates a phasedown of HydroFluoroCarbons
(HFCs).

= Under this act, the Environmental Protection Agency (EPA)
has mandated a 700 GWP limit as on January 1, 2025.

= Benefits of Low GWP Refrigerants

Environmental Impact
Regulatory Compliance

Performance

39
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Low Global Warming Potential Refrigerants

Refrigerant Gwe* Notes

B4 e e e A ot

R22 1810 AKAFreon®, Discontinued in 2010 for use in new HVAC equipment

moe e G e s

BED D mah pplones ond o cmere) s chlrs

R513a 629 Used for low and medium temperature refrigeration systems. Used in Chillers and hot water heaters.

R32 675 Wide global use - intended replacement for R-134a and may be in development for some VRF systems.

B 66 Wide global use as a substitute for R-410a. R4S4b is currently used in some VRF systems, packaged RTUs, and residential
split systems

#6008 R AKA Isobutane, Highly flammable
Used for small(dorm) refrigerators and commercial display coolers

R5142 2 Used in chilers

R12332d 1 Used in chillers

9/23/2024

S Used in chillers and commercial AC
s R1234e 1 Past studies have indicated that R-1234ze might form high-GWP HFC-23 in open air,
3 however more recent studies have contested those findings.
§
§ R-744 (CO,) 1 Extremely low GWP - used in Heat Pump water heaters and refrigerated cases.
W
Comparison of Refrigerant Lifetime Emis:
R-410A vs R-32 vs R-4548 s from an HVAC System
R4 wBD WA et . s
Source: The facts about 32 0
a1

41

Equipment Loads

14



Equipment Loads In High Performance Building

IAMU Office Bullding Energy Consumption

Annual Bulkding Energy [KBUu/SF)

oo Compllant  Flna| Deslgn Estimate 20022007 Actual  2008-2009 Actual
Bullding MeteredEnergyUse  Metered Energy Use
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All Electric Commercial Kitchen

= Electric equipment exists for all common gas equipment

= Induction Cooktops

222

duction-aady cookwats

Excited molecules
produce heat

= Start conversation early with end user
= Engage with Kitchen consultant

44

All-Electric Commercial Kitchen

challenges

Faster cook times

= Unfamiliarity with technology

= First Cost = Precise Control
= Maintenance availability = Improved energy efficiency and reduced EUI
= Multifamily projects = Source to food
= Residents may not have * Induction 85%
compatible cooking equipment. = Gas 35%
W [ —

Cooler kitchen

Improved air quality

Potential for reduced ventilation
requirements

Smaller footprint—33% reduction

45

15



9/23/2024

Elevators

= SO Standard 25745-2 assigns letter grades
Running Energy
Idle/Standby Power

= In Codes and Standards
ASHRAE 90.1-2016 — Put ISO rating on
Design documents
ASHRAE 90.1-2022 — minimum of an ISO E

rating
= Savings

Middle Level—save 65% compared to

bottom

Top Level—save 92% compared to bottom Source: Photographs i the Carol M. ighsmith Archive, ibraryof

Congres, prins and PhatographsDiviion
as

Elevators

Table 2: Traction elevator technologies

A variety of technologies can provide basic to advanced efficiency capabilities.

(Component Basic efficiency Intermediate efficiency _ Advanced efficiency

Horst drive Motor-generator or direct-current  Gearless Permanent magnet, gearless
with silicon-controlied rectifiers

Car it Wire rope Wire rope Polyurethane-coated bels, muliple rope

Controis relays, group Software-defined (e.g., destination
controlier dispatch)

Lighting, ventiabon  Incandescent. halogen CFLs, efficient fans LEDs, efficiont fans, occupancy sensors

Energy sources Grid Grid plus regeneration Regeneration plus solar

Considerations Single operating mode, needs  Standby mode, befler Standby mode, variable door molors, power
imachine room power factor factor near 1, MRL, quick installation

Note: MRL = machine roorm-less Source: Amencan Council for an Energy-Efficient Economy

47

Evaluating Measures

16



Manual Calculator

Quantifying and Tracking

Annual Electricity Usage (kWh) / 1000 * Carbon Emission Rate / 2205 = Metric Tons of CO,
Electricity 889,704 kWh / 1000 * 790 Ibs/mWh / 2205 = 319 Metric Tons of CO, per Year

0}

(/] Annual Gas Usage (therms) * Carbon Emission Rate = Metric Tons of CO,

Natural Gas 13,276 therms * 0.0053 Metric Tons/therm = 70 Metric Tons of CO, per Year

9/23/2024
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Regional CO, Electric Grid Emission Factors
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NREL Cambium Data

51
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Cambium Data

MISO-North, 9 2050, Ib of CO2 per MWh
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Carbon Performance

Cumulative Tons of CO,-E (25 years)

Tons of CO,-E

2027

VAV 1
VAV2

VAV3
Geothermal 1
Geothermal 2

Geothermal 3,

53

Conclusion
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Key Takeaways

Set the goal at the start

Strategies to electrify and decarbonize
available across building system

Energy efficiency first, alternate energy
and grid integration source second

Evaluate strategies with appropriate
carbon rate

9/23/2024
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Don't Make Sustainability the Icing on the Cake

. Mix it into the batter at the
beginning

56

Thank you!

Joel Logan ®) jlogan@willdan.com
Tarunkumar Jotwani @) tjotwani@willdan.com

@ EnergyAssistance.Willdan.com
(© 877.939.1001
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