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Better Buildings

Better Buildings is an initiative of the U.S. Department of Energy (DOE) designed to improve the lives of the
American people by driving leadership in energy innovation.

Through Better Buildings, DOE partners with leaders in the public and private sectorst o make t he na
homes, commercial buildings, and industrial plants more energy-efficient by accelerating investment and sharing
successful best practices.
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Involvement opportunities and available resources:

Commercial Building Heat Pump Acceleratorit oday 0 g
Better Buildings Challenge

Better Climate Challenge

Better Plants Challenge

Technology Research Teams + resources

Webinars, live and on-demand

Better Buildings Solution Center with 3,000+ solutions
Annual summit

And more! 9

gs
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Commercial Building Heat Pump Accelerator: Overview

Why: Up to 50% Reduction in GHG  How: Two Complementary Efforts

Emissions from New Units | _ s
A Commercial building space A Supply: Commercial Building Heat

conditioning accounts for "ump Technology Cha”enge i

approximately 40% of commercial Produce advanced commercial

energy use puilding heat pump technology
A Heat pump rooftop units (RTUs) A Demand: Commercial Building

are estimated to reduce GHG

emissions and energy costs by up Heat Pump Campaign - Work with

to 50% compared with end users and other stakeholders to
conventional RTUs (with natural Increase the adoption of both

gas heating) existing and emerging technologies

to meet market demand
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Commercial Building Heat Pump Accelerator

The Commercial Building Heat Pump Accelerator is working with
stakeholders to accelerate the development and adoption of heat
pump packaged RTUs to achieve integrated energy efficiency and
electrification of buildings

Photo by Sam Petty, US DOE

Campaign Technology Challenge
AAccel erate adoption of today0l|sA Advantingpommearciah@aUmmpRTW cl udi n g
all electric and dual fuel products technologies, improving cold climate performance
A Highlight organizations that have adopted or plan to adopt A Participating manufacturers will develop prototypes,
HP RTUs for their sustainability goals test their performance and durability, and conduct

A Resources to help building owners understand their options field validations with Better Buildings partners

A Showcase successful adoption of HP RTUs in case studies A Targeting commercialization as soon as 2027
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Commercial Building Heat Pump Accelerator

Join the
Accelerator!

Campaign

with technical assistance, which includes:

Join by completing the
Participant Form on the
Accelerator website:
https://betterbuildingssolutionce
nter.energy.gov/commercial-
building-heat-pump/accelerator

FEEEEEEEEEEEEEEEEN
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The campaign is open to building and plant owners and operators, utilities, and other supporting
organizations that may include non-profits, NGOs, associations, and trade organizations. In
collaboration with the National Laboratories, the campaign will provide building owners and operators

Decision trees and guidance documents to support site- and portfolio-level evaluations
A Estimates on the energy, economic, and emissions comparisons for different geographic areas

Case studies showcasing how building owners have successfully implemented HP RTUs to achieve
their decarbonization goals

A Peer-to-peer leaming through working groups on topic areas, including manufacturers' equipment

specifications, validation activities, workforce challenges, utility engagement, and more

The technology challenge is open to commercial heat pump manufacturers. In collaboration with the
National Laboratories, the challenge will work with technology manufacturers on life cycle cost and
emissions-effective Heat Pump RTUs that meet an advanced technology specification. Technology
Challenge partners will:

A

A

™

Technology Challenge

Commit to bring to market advanced technologies to meet end user needs, including a heat pump RTU
that meets or exceeds the specifications of the technology challenge as soon as 2027

Collaborate with DOE to better understand barriers, unit performance, technical challenges, and
opportunities for advanced technologies

Provide quarterly updates on development progress, including preliminary results and performance data,
product challenges, testing needs, and expected milestone timelines

Share companyds name and |l ogo to be included i

Campaign Partners

Technology Challenge

Partners
A Amazon A Center for Energy and Environment, A
: AAON, Inc. i fish Bl oo QBSHSH
A Budderfly Minnesota (MN CEE) [ R T I T T
A Columbia Association A Collaborative Labeling and Appliance A Addison
Standards Program (CLASP) , _
A IKEA US Retail LLC _ A Carrier Global Corporation
- A Slipstream 5 N
A kW Engineering A International Center for Appropriate Daikin
A Los Angeles Unified School District and Sustainable Technology (ICAST) A Lennox Intemational, Inc.
A Life Time, Inc. A Mace Group A Rheem Manufacturing Company
A South-central Partnership for Energy A Prologis _
Efficiency as a Resource (SPEER) A Trane Technologies
A Vermont Energy Investment _
A Sustainable Energi Corporation (VEIC) A Johnson Controls Intemational
A Seely International A Whole Foods Market
A Target Corporation 12
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Commercial Building Heat Pump Accelerator: Campaign

The Commercial Building Heat Pump Campaign aims to help commercial building owners
and operators reduce greenhouse gas emissions and operating costs by increasing the
adoption of both existing and emerging heat pump technologies. DOE will provide building
owners and operators with resources and guidance to deploy heat pump technology to
support both site-level and portfolio-level installations.

Better Heat Pump Rooftop Unit Campaign:

Buildings® Fact Sheet

Overview

Many small-to-medi ial ilding:
use packaged rooftop units (RTUs) for their
heating, cooling, and ventilation needs. Heat
pump RTUs are often an overlooked
decarbonization strategy for retail, food service,

office. school, public assembly. and other

Decision trees and guidance documents to

support site- and portfolio-level evaluations

Estimates on the energy, economic, and

emissions comparisons for different geographic

areas

Case studies showcasing how building owners
have successfully implemented HP RTUs to
achieve their decarbonization goals

Peer-to-peer learning through working groups on
topic areas, including manufacturers' equipment
specifications, validation activities, workforce

END OF LIFE__| NEW or MID-LIFE

(11-15yrs) {0-10yrs)

challenges, utility engagement, and more

NO
y v
) Look into:
Consider dual fusl now
Envelope and
and haa‘::t:ir::s down Ie proy -

+  VRF projects

Packaged rooftop units (RTUs) on commercial buiiding roof.
Source: Adabe Stock Images

Why Consider HP RTUs?

Heat pump RTUs can offer attractive energy,
emissions, and economic savings for
commercial building owners in mild-to-moderate
climates today, as well as significant emissions
benefits in some cold-weather regions.

High-efficiency heat pump RTUs not only
reduce emissions for space heating, but also
offer increased energy efficiency for space
cooling and ventilation, further reducing HVAC-
related emissions.

The Heat Pump RTU Campaign aims to
raise awareness of this commercially
available technology with Better Buildings
partners, commercial property owners
and managers, manufacturers, service
providers, utilities, and other stakeholders

to accelerate adoption of heat pump
RTUs in support of energy efficiency,
decarbonization, and sustainability goals.

Visit the Campaign website to learn
more and join the Heat Pump RTU
Campaign.

Draft Versions
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Commercial Building Heat Pump Accelerator: Campaign

Case studies will describe how organizations overcame
barriers to adopt HP RTUs and their experiences with

the technology.

Los Angeles Unified
School District (CA)

Replaced 65% of decentralized HVAC

units with electric heat pumps

Reduced heating emissions by 33%
Saved ~$140,000 monthly on utility costs

Columbia Association (MD)

Replacing gas-fired RTUs with dual fuel
RTUs as existing equipment fails

Projected to reduce natural gas use by

70% in early pilot

Reserved the
capacity for future HPWHSs

Better

Buildings’

Case Study
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COMMERCIAL BUILDING HEAT PUMP CAMPAIGN

LAUSD: Heat Pump Rooftop Units
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COMMERCIAL BUILDING HEAT PUMP CAMPAIGN

Columbia Association: Dual Fuel
Heat Pump Rooftop Units

Columbia Association (CA) is a nonprofit community
services corporation that manages 500,000 square
feet across 50 public and community facilities in
Columbia, Maryland. They are a long-time partner
of the Better Buildings Initiative and participated

in the original Advanced RTU Campaign, which
focused on high efficiency packaged rooftop units
(RTUs), as well as the Low Carbon Pilot.

When considering pathways to meet their
decarbonization goals, Columbia Association looked
to incorporate electric heat pump technologies for
space and water heating applications. However,

to satisfy the climate and heating needs for full
electrification of their buildings they turned to dual
fuel heat pumps, which combine an efficient electric
heat pump RTU with natural gas backup heating.

Project Overview

There are many factors that played a role in the
decision to replace gas heat RTUs with dual fuel
heat pump RTUs.

1. Columbia Association’s buildings are located in
Maryland, which is a mild climate, but can require
significant heating in the colder months.

2. Many of the buildings in Columbia Association's

portfolio require heating loads above what is
urrently available on the market for nackaoe

» Organization
Name,
Location

é?%mlumbia
1" Association

Columbia Association,
Columbia Maryland

Number, Size

» Building Type,

500,000 square feet of public
and community building
space including fitness clubs,
community centers, indoor
swimming pools, golf

clubs, etc.

» Project
Description

Dual Fuel Heat Pump RTUs

to reduce emissions

» Emissions

Reduce emissions by 18

and Savings

Savings metric tons/year
» Energy Avoid 3,500 therms/year in
Performance | gas consumption

* Financial,
Comfort,
Maintenance,
and Other
Benefits

The benefits of dual fuel
units include comparable
cost and facility comfort,
minimal retrofits, and ease
of maintenance

IMPACTS OF HEAT PUMP ROOFTOP UPGRADES

* Organization | Los Angeles Unified School

Name, District (LAUSD), Los Angeles
Location California

* Building School Buildings, 13,500
Type, buildings, total of 70 million

Number, Size | square feet of building space

» Project LAUSD has replaced 65% of
Description | their decentralized HVAC units

with electric heat pumps, with

plans to achieve 100% by 2040

(year)
* Emissicns LAUSD plans to reduce GHG
Savings emissions by 50% in 10 years

(compared to a 2014 baseling).

* Energy LAUSD plans to reduce energy
Performance | intensity by 20% compared to
and Savings | a 2014 baseline

* Financial, The benefits of heat pumps
Comfert, include low noise, fully electric
Maintenance, | heating and cooling, and ease
and Other of maintenance
Benefits
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Commercial Building Heat Pump Accelerator: Technology Challenge

Through the Commercial Building Heat Pump Technology Challenge, the U.S. Department of Energy is challenging manufacturers to
develop new emissions-effective heat pump rooftop units (RTUs) that meet an advanced technology specification developed by DOE to help
organizations meet their energy efficiency needs and decarbonization objectives. Manufacturers will partner with DOE and the national
laboratories to create prototypes, test the performance and durability of the products, and lead field validations with Better Buildings partners.

Technology Challenge Obijectives Specification Objectives

Manufacturers will develop new equipment Improve cold weather performance at 5° F

prototypes that meet an advanced technology Minimize electrical capacity upgrades

developed by DOE Minimize peak demand impacts

DOE, NREL, and other labs will test the Minimize GWP impacts of refrigerants

performance and durability of the products Balance weight and structural upgrades with

DOE, NREL, and other labs will lead field performance improvements
validations with Better Buildings partners Maintain or improve system reliability

DOE will recognize manufacturers who Design for ease of maintenance, component
successfully meet the specifications replacement

: : : Minimize impacts on system and total costs
Units will be available for purchase as soon as P y

2027 Maintain safe and reliable operation

15
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Commercial Building Heat Pump Accelerator: Technology Challenge

Timeline
Specification is written to be implemented in 2 phases recognizing performance levels:
A Phase I: Best possible technology as soon as 2027

A Phase II: Performance levels with advanced technologies that drive toward very low GWP (<10)
refrigerants by 2031

Phase | Milestones:

April 2024 Winter 2024 June 2025 Sep 2025 June 2026 Dec 2026 2027
Announce Mfgs. test Prototype Field install Final field Optional First

Challenge proof validation at with Better validation criteria products
concept DOE labs Buildings results evaluation available
partners results
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Rooftop Package Unit Heat
Pumpsz Strategies

Jeremy Scharfenberg, Vice President of Community Operations
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Package Heat Pump Deployment Strategies

Background on CA

ANearly 600,000 sgft of commercial
building space

ARanging from 100,000 sqft athletic club
to 1,500 sqft daycare

APackage or split HVAC systems

AAggressive energy management
program and replacement schedule

s“;:‘%?%aColumbia
| Association



Package Heat Pump Deployment Strategies

Solution Requirements/Objectives

AMaximize package heat pump use for space conditioning
AMinimize electrical service upgrades

ARetain duct work usage for air distribution (as needed)
AMeet outdoor air requirements

AMinimize general building disturbance

AMinimize or eliminate natural gas usage

s‘;.%?%'a(:olumbia
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Package Heat Pump Deployment Strategies

Solution Tools

AHeat pump package units with electric auxiliary
AHeat pump package units with gas auxiliary (DFHP)
Uncommon configuration and can be higfficiency
ADuctless split heat pumps
In-zone conditioning, very high eff., very low ambient

ADedicated outdoor air systems (DOAS) or energy recovery
ventilators (ERV)

s‘;ﬁ%?%'a(:olumbia
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Package Heat Pump Deployment Strategies

Why dual fuel package heat pump units

APackage gas heat / DX cool RTUs are ubiquitous
AConstrained by existing gas, electric, duct work

AElectric service and duct work enhancements are costly and
may not be feasible

AHeating to cooling load differential can be significant depending
on climate zone (2x here in MD)

AExisting duct work limits CFMs (static pressure)

A Allows for high adoption rates with a meaningful reduction in
gas usage and little to no incremental cost

s‘;}f%(:olumbia
| Association



Package Heat Pump Deployment Strategies

Heat Pump Solution Options

Basic Case Pros
AReplace with two dual fuel heat pump ACost effective
package units (7.5 tons) A Simple direct replacement
ADrop N replacement with no electrical AMeaningfLﬂ gas reduction*
upgrades/changes required Cons

ANo low ambient HP load
A~30% gas load remains

) * Mild climate zone

%Oolumbia
Association
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Package Heat Pump Deployment Strategies

Heat Pump Solution Options

Advanced Case Pros
AReplace two package units with two AMore efficiency
DFHP units (4 tOnS) and DCV ALOW ambient HP load

Alnstall supplemental ductless split units A Deeper decarbonization
In occupied spaces (4 tons per side)

A Stagger setpoints cons

- EEEE AcCapital cost
AElectric service for ductless

%’»Columbia
Association
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Package Heat Pump Deployment Strategies

Advancement Needs
AMore equipment optiong; enthalpy control, DCV, ECM fans
ALower ambient HP performance

A Simultaneous HP and gas section operation where gas operates at
low output to allow for HP load at lower ambient temps (COP
limited)

ADemand control ventilation key to reduce load and extend
operability of the HP (helps load and supply air temp)

AEnergy recovery wheels also key to reducing load and extending
operability of the HP (now offsets electrical upgrades)

s“;:‘%?%aColumbia
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Package Heat Pump Deployment Strategies

Advancement Needs

AExplore combining package units with ductless to achieve the
benefits of bothg integrate controls so first stage Is the ductless

Alncreased modulation of gas section to better complement HP
operation

5‘§%&Columbia
| Association
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Target Forward goals

Our operations

Our emissions reduction strategy centers around adopting renewable energy, driving

energy efficiency and implementing other sustainable practices. Our internal Sustainable Building
Council, a cross-functional team within Target Properties, coordinates sustainability strategies and helps
develop priorities and roadmaps to meet our long-term goals.

To reduce our impact and achieve net zero emissions in our owned operations, we are transitioning
to natural (100% COs) refrigerants, pushing innovation through energy efficient initiatives, and investing in
renewable energy.

» We have joined with more than 50 food retailers in the Environmental Protection
Agency’s GreenChill program, working to reduce refrigerant emissions and transition to
CO2refrigerants that have less impact on the environment, and have 130+ stores certified or pending
certification to date.

» In 2022, we completed the remodel of T2165 Vista, CA, designed to be ourfirst net zero energy
store (a store that generates more energy than it needs to operate each year through renewable
sources).

« In 2023, we joined the Department of Energy’s Better Climate Challenge, committing to reduce our
scope 1 and 2 emissions by at least 50% below 2017 levels by 2030.

By 2030:

« Source 100% of our electricity from renewable sources for our operations.
« Achieve 50% absolute reduction in operations emissions (scopes 1 & 2) from a 2017 base year.

« Achieve 30% absolute reduction in supply chain emissions (scope 3) covering retail purchased goods
and services from a 2017 base year.

By 2040:

« Achieve net zero greenhouse gas emissions' across our enterprise (scopes 1, 2 & 3).

Climate

We are committed to making our operations and our supply chain sustainable through
reducing our greenhouse gas (GHG) footprint, supporting a more resiient and healthier
environment for our guests, team members and communities. Aligned with our Target
Forward ambitions, we commit 10 net zero greenhouse gas emissions across our enterprise
by 2040 to reduce climate impacts across our operations and supply chain.

s %fz.
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Our achievements to date

We are focused on cutting our GHG emissions by driving energy eficiancy, adopting renawable energy
and eilminating waste. We're also working with our suppliers to support thalr decarbonlzation aforts.

60%

8%

222

-
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64%

Percentage of electricity Decrease In scope 3 Percentage of our
procured from emissions from FY2021, suppliers (out of 80% by
renewable[1] sources[2] Target’s first-ever spend) that set sclence-
of FY2022, achieving our decrease In scope 3 based scope 1 and scope
Interim milestone three emissions year-over-year. 2 targets as of November
years early. 2023.



‘ HVAC Replacements to deliver Target Forward goals

HVAC Emissions reductions represents a significant percentages of 2040 Target Forward emissions gaaéquire new
technology to replace existing DX/Gas RTUs

- N
Target HVAC Assets

A Across approximately2000
stores in the US, Target owns
and operates40,000 RTUs and
5000 gas fire unit heaters

A Majority of the RTUs are DX/gas

A Target operates stores
throughout the US in all climate

Z0ones

~ 5,000 Dock Unit Heaters

~ 40,000 RTUs

-

Technology

A Most cost-effective solution
for decarbonization replaces
existing DX/Gas RTUs with
heat pumps.

A Challenge is deploying heat
pumps in cold climates
(Zones 4-7).

Climate Zone Map




@ ‘ RTU Heat Pump Path Forward

Heat pump product offerings of Packaged RTUs vary significantly across the industry

(' HP Product Offerings Today N ( Application Challenges
A Most mfgs offer RTU heat pumps for A Existing building electrical services
application in warmer climates not sized for electric heat load in
A Auxiliary or emergency heating electric cold climates
resistance heat is available A Defrost control in cold climates
A Dehumidification options, dual fuel, A Desire to run heat pump and
VAV and electrical demand control not electric resistant simultaneously
available from all manufacturers A Heat pump performance data at
A Target deploys heat pumps in warm temperatures below 17 not readily
climates and select cold climate new available
buildings with sufficient electric
\_ __Service size VRN

Better Buildings CCHP Accelerator Benefits

A DOE/NREL testing heat pump performance at cold temperature for better application
guidance

A Manufacturers challenged to establish standards for defrost, electric resistance heat
control

A Better information for cold climate heat pump deployment

\
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Amazon and Global Optimism co -founded The Climate Pledge ? our goal to reach net -zero carbon
emissions by 2040, 10 years ahead of the Paris Agreement.

34| Amazon Sustainability
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1 - Regular
Reporting

Measure and report
greenhouse gas emissions on
a regular basis

35| Amazon Sustainability

2 - Carbon
Elimination

Implement decarbonization
strategies in line with the
Paris Agreement through real
business changes and
innovations, including
efficiency improvements,
renewable energy, materials
reductions, and other carbon
emission elimination
strategies.

3 - Credible Offsets

Neutralize any remaining
emissions with additional,
quantifiable, real, permanent,
and socially beneficial offsets
to achieve net zero annual
carbon emissions by 2040.




Building
Decarbonization

Eliminate fossHfuel use onsite

Prioritize efficiency

Utilize 100% carbotfree energy

Select natural and other low impact refrigerants

Invest in lower carbon materials

Enhance your ability to collect and leverage better data
Prioritize sustainability

T T T T Io I I

https://exchange.aboutamazon.com/focusareas/buildings
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What kind of equipment do our buildings
use?

Building type Equipment used

Logistics Rooftop units (RTU), Variable
Refrigerant Flow (VRF) Syster

Data Center RTUs, Air Handling Units (AHU
Chillers, Cooling Towers

Retail / Grocery RTU, Refrigeration systems

Office RTU, AHU, Chillers, Cooling
Towers, VRF

37 | Amazon Sustainability



Focus on RTUs

Equipment /

1
RTU Energy Usage

38 | Amazon Sustainability



How It started

Think Big 6 to 25 ton CC HP RTU Challenge ' References
Documen it Edit View Insert Format

H1 Heading 1 v I U & A 2 b = ineer: B & O i+ B & Commen

DESIRED STALE

roiectl  Amazon RTU 2.0

Guidelines:

‘el T 25+to 30 Ton Packaged RTU

b Gold Lt

c. Silver

2. Heating Modi
baseline COl

= Operates efficiently in low ambient

b. Gold L

All electric

e = High(est) efficiency

= 2475 tons

.. = Lessthan 10, GWP Refrigerants

c. Silver |

“<=1 = Integrated controls / metering

a. Platinu

w

s

b. Gold Lt

o sher Comparable size/weight/connections

5. Amazon “RT

a. Refrigg

Environmental Product Declaration (EPD)
= Availability ASAP

39 | Amazon Sustainability
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Commercial Building Heat Pump Accelerator

CAMPAIGN CHALLENGE

COMMERCIAL BUILDING HEAT PUMP ACCELERATOR

Compared with conventional packaged rooftop units (RTUs) with natural gas heating, heat pump
RTUs are estimated to reduce GHG emissions and energy costs by up to 50%. From 2024 through
2027, the Commercial Building Heat Pump Accelerator will work with stakeholders, from
commercial building owners and operators to manufacturers, to accelerate the development and
adoption of heat pump packaged RTUs to achieve integrated energy efficiency and electrification of
buildings. The Accelerator was developed in partnership with:

Manufacturing Partners

- AAON, Inc.

- Budderfly

- Carrier Global Corporation
- Lennox International, Inc.

- Rheem Manufacturi

- Trane Technologie

- York International Corporation, a wholly-owned subsidiary of Johnson Controls, Inc.

40 | Amazon Sustainability




Case Study
MCI19¢ 700,000 sqgft Fulfillment building
All-electric HVYAE AAON/LG VRF RTUs

41 | Amazon Sustainability
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Thank you!

Contact the Better Buildings Space
Conditioning Technology Research Team
and join our mailing list:
bba.spaceconditioning@nrel.gov
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