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Project Summary

Objective and Outcome
* This project aims to reduce barriers to

decarbonization in multifamily homes by = im?
developing combination electric heat pumping g

systems suitable for interfacing with legacy |
convective heat emitters. &l

° LOW'GWP heat pumplng SyStemS will be developed ‘ 3 Qm IHotWater Distribution
targeting 20% lower installed costs for heat pump L 1

‘ Heat Pump System

e . ml |
retrofits in multifamily homes using hydronic |
heatlng SyStemS. ’ Component Models

Team and Partners Stats

Performance Period: 10/2022-09/2025
W= . .
{:!:} N R E L DOE Budget: $2,027k, Cost Share: $225k

|| Milestone 1: Stakeholder engagement for design
Modeling & Performance uidance
Characterization eem 8

Prototype

G rou P @ Milestone 2: Techno-economic modeling and
ENGINEERING optimization of heat pumping systems
Development Stakeholder Milestone 3: Experimental characterization of
=ngagement prototype system
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Problem

More than 3.8 million multifamily housing units rely on gas-driven steam or hot water
systems to provide space heating. These legacy systems generally utilize high-
temperature radiators that present challenges for electrification with heat pumps.

Cost-effective heat pumping solutions for these buildings can help ensure that all
segments of the population reap the benefits of equitable decarbonization.

" Hydronic Heating Supply Temperature Ranges [°F]
Steam or hot water
system traditional fin-tube baseboards Ir — '
traditional cast-iron radiators | '
Fuel Warm-air furnace panel radiators | = __I_térrget temp
H ea.ted radiant wall and ceilings | | (180 °F)
heated floor thin slab I

I\/Iultlfamlly ® Built-in room heater

high performance panel radiators |
heated floor slab |

m Other 80 100 120 140 160 180 200

EIA RECS 2020
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Alignment and Impact with BTO Goals

Increase energy efficiency

— Heat pump to achieve efficiency targets of UEF > 3.5, and COP,, Percentage of Fossil Fuel Heated Homes Using
of 2.1 at b°F Steam or Hot Water Systems by Household Income

30%

Accelerate building electrification

25%
— Provide efficient electrification option for millions of buildings

using high-temperature hydronic systems

20%

15%

Prioritize equity and affordability 0%
— Explore priorities of income-qualified housing and disadvantaged s% I I I I I
communities 0%

lessthan $5,000- $10,000- $20,000- $40,000- $60,000- $100,000- $150,000

* Reduce cost of decarbonizing specific building segments $5000  $9999 $19,999 $39999 $59,999 $99,999 $149999 ormore
— Drop-in replacements with a lower installation and operating EIA RECS 2020
cost

Success: Laboratory demonstration of heat pump suitable for legacy hydronic systems
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Current Electrification Options For Hydronic Systems

* Reduce hot water temperature requirements:

. . . design
— Replace heat emitters with larger devices. hidicss load
condition condition

— Reduce building load via envelope retrofits. 190 !
— Replace heat emitters with fan-coils.
— Adding radiant panels.

" smaller

180 °F «=» radiator

. medium

1150 °F «» radiator
%) 120 °F <

170

150+

130

* Retrofit with in-unit heating:

larger

- radiator
110

supply water temperature (°F)

90 4

70

70 60 50 40 30 20 10 0 -10
outdoor temperature (°F)

Groupl4 Engineering: https://www.chfainfo.com/getattachment/4d9f70a2-6fb3-4077-9c5d-677e9edeab01/HTC-Building-Electrification-Report.pdf
CALEFFI: https://www.caleffi.com/sites/default/files/file/idronics_25_na.pdf
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Approach to Delivering Outcomes Alighed with BTO Goals

R X&) Group
NATIONAL RENEWABLE ENERGY LABORATORY ] ENGINEERING

 System and Component Modeling. * Prototype Development:
 Techno-Economic Optimization. — Component sourcing and
assembly.

* EXperimentation:

— Steady-state prototype characterization. * Stakeholder Engagement:

— Outreach interviews.
— Regional assessments.

— Hardware-in-the-loop evaluation.

A holistic approach to deploying combination heat pump
systems suitable for convective heating in multifamily buildings
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Approach to Delivering Outcomes Alighed with BTO Goals

Develop low-cost
combination heat
pumps for
multifamily buildings

Reduce
electrification
retrofit cost by easily
integrating with
legacy hydronic
infrastructure

Substitute system
components with
lower cost
alternatives to drive
down hardware
costs

ACTIVITIES OUTPUTS OUTCOMES

Generate
stakeholder driven
design criteria

Model heat pumping
and water
distribution systems

Integrate cost and
performance system
modeling

Construct and
characterize
prototype system

Evaluate grid-
interactive controls

Guidance for
designing low-cost
high temperature
lift combination
heat pumps

Simulation tools to
aid in system design
for performance
and cost targets

Pre-commercial
prototype system

Market assessment
to aid in targeted
system deployment

R32

Reduced barriers to
decarbonization in

| Modeling

multifamily homes

Expanded product
offerings for
electrification

Increased use of
space and water
heating systems
with refrigerant
GWP <750

20% lower installed
cost multifamily
heat pumps

15 2.0
s [kd/kg-K]

Laboratory experimentation

o ‘1‘7
,.,-g,%u

e

grid regions
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Technical Challenges

70
Cha"enges o Overload of motor / Damage of shell and tube
65 -
1 Large Temperature Lift:
* Prevent compressor overheating. o 607
Achieve efficiency targets. 2 551 W o 3 £
i T 50 - u‘ﬁi\ﬁ# g 5
2 Cost Reduction: “é v 5
- Establish baseline costs. g M | g s
« Reduce costs of material inputs. 2 101 8 : g 2
. . ey e . w j
« Simplify retrofit/installation procedure. § 35| 3 Envelops for R32
-E S — = = Envelope for R410A
. Q 130 &
3 System Installation: © 5 Ad"’"’a
e Space and electrical capacity 25 1 5 - - e
CONStraints 20 8 Instability of orbiting scroll gt
-25  -20 15 -10 -5 0 5 10 15 20

4  Control Optimization:

« Simulating realistic building behavior. Evaporaling temperature (“C)

Yang et al. 2015. Int J Refrig. https://doi.org/10.1016/j.ijrefrig.2015.08.004
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Risk Mitigation Strategies

#l _ Risk Mitigation

1 Compressor overheating, Investigate the use of multistage compressors.
preventing 180°F supply - Explore dual fuel options as a bridge between fossil fuel and full
temperature. electrification.

2 Capacity drops at low ambient Investigate supplemental heating options for meeting building
temperatures preventing meeting loads during low ambient temperature conditions.
heating loads.

3 Limited deployment of proposed Explore installed cost reducing measures, identify and address
technology solutions. stakeholder needs during design, and evaluate potential roles for
utility programs and other sources to aid deployment.

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Progress: Stakeholder Engagement

Groupl4 Engineering NREL Advisory Panel
Engage with stakeholders to better understand Provide input that can be used across
needs of hydronic systems in multifamily a range of HVAC projects supporting O 5 O
buildings. electrification at NREL. /3 )
Potential stakeholders: Housing developers, Stakeholders interviewed: Multifamily building
maintenance staff, general contractors, owners, co-op utility, large utility, community-
mechanical contractors, etc. based organization.
Planned themes to investigate: Current themes discussed:

e Constructability. e Initial cost of high importance.

* Design/Infrastructure. * ROl must make sense for building owners

* Maintenance. to adopt.

 Operational Expenses.  Adding cooling could justify extra costs.

* Rebates/Incentives.  Concerns over electrical capacity

 Regulatory Compliance. limitations.
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Progress: Preliminary System Performance Assessment

« Domestic hot water (DHW) and hydronic water

heating integration: Evaluating: -
AN « System first costs.
HT
e LA St 0 04201 * Annual COP.
m m MT Includes ANSI/ASHRAE Addenda a, b, and ¢ to ANSI/ASHRAE Standard 206-2013 o Levelized COSt Of
n Series heat :‘Z%}": Multiple M?thOd of Te_Stmg for heating (LCOH)
() exchangers | | condensers Rating of Multipurpose '
111 | Heat Pumps for Residential
U —— =5 Space Conditioning and a- Caps + Eyp - $
1 Water Heating  ;coy = ST TkWh kWh
Arpagaus et al. 2018. Energy Arpagaus et al. 2016. Int J Refrig. QkWh
https://doi.org/10.1016/}.ijrefrig.2016.05.014 https://doi.org/10.1016/}.ijrefrig.2016.05.014

« Compressor cooling strategies:

Refrigerant - R32

Liquid Injection Vapor Injection

04 05

(o] ]
o
(o] }
o
Levelized Costs of Heating [$/kWh]
0.3

X
0 b 3 -
T @ ? @ ; B T T T T T T
_ _ 1 2 3 4 5 6
« GWP <750 refrigerant selection. ASHRAE Climaze Zone

Plots show min, max, median, and interquartile range. | Electricity price range: 0.08 — 0.20 $/kWh
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Progress: Water Distribution Modeling to Aid System Design

5-over-1 2-story-townhouse
3,125 ft2 6,000 ft2

DHW distribution modeling:
Multiple climate zones.
«  Multiple building layouts.
« Central distribution system.

* Detall parameters:
- Pipe materials.
- Pipe layout.
- Recirculation loop location.
- Insulation thickness.

apartment (exterior cases)  apartment (interior corridors)
8,000 ft? 37,880 fi2

Hydronic distribution modeling:

e Customized version BEO l'
of BEopt™. s o

Water distribution modeling results will be
integrated with heat pump system models.
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Progress: Quantifying Regional Heating Loads and Losses

Regions: Denver (CO), Los Angeles (CA), Orlando (FL) «  DHW and hydronic distribution using continuous control circulation.

« The magnitude of site energy is a function of the size of a building and
space heating load.

« Total pipe heat losses account for nearly 5% of the total site energy.
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FY23 Project Schedule

Complete preliminary analysis using heat pump thermodynamic model:
- Evaluate three different system architectures able to achieve 180°F water supply
temperature.

Complete hot water distribution modeling:
- Model at least two distribution scenarios for multifamily buildings that quantify
heat losses and inefficiencies.

Complete models capturing cost vs. performance tradeoffs in system design:
- Compare trade-offs of cost and performance for at least two system
configurations achieving COP of >2.1 at 5°F.

Prototype design selection:
Status of Milestone Completion:

- Select prototype design with model projected cost savings of 20%, . Completed
water heating efficiency of UEF > 3.5, and COP, of 2.1 at 5°F. « Ongoing FY23

4

()=
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Future Work

O Experimental setup design and construction.

O Prototype development.

O Experimental characterization.

O Design optimization.

O Market assessment.
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Thank You

National Renewable Energy Laboratory, Rheem Manufacturing Company, Group14 Engineering
Nelson James, Researcher Il
nelson.james@nrel.gov
WBS: 3.2.2.59
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REFERENCE SLIDES
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Project Execution

Initial thermodynamic modeling

DHW storage and distributiong modeling

Current/Future Work

Costs. vs. performance modeling

FY2023 FY2024 FY2025
Planned budget 675k 675k 675k
Spent budget 160k Ok Ok
Ql |Q2 |Q3 Ql |Q2 |Q3 |Q4 |Ql1 [Q2 |Q3 |Q4

Model projected saving and performance targets

Stakeholder engagement report

Fabrication of prototype system

Preliminary test data on prototype system

Experimentallay achieve performance target

Hardware-in-the-loop plan developed

U.S. DEPARTMENT OF ENERGY
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Team

Rl
Nelson James, Ph.D. Junyoung Kim, Ph.D. Ransisi Huang, Ph.D.
Project PI, Modeling and Experimentation, System Modeling,
Researcher 1ll, NREL Postdoc, NREL Postdoc, NREL

Harshad Inamdar, Ph.D.

Prototype Development, | .

Resea);rc):h Enginegr, Michael Levinson, CEM E”isr:/‘/ﬁjmona P.E.

Rheem Manufacturing Company Stakeholder Engagement, Stakeholder Engagement,
Multifamily Housing Director, ~ Sf- Energy Project Manager,
Group14 Engineering Group14 Engineering

Jeff Maguire Bethany Sparn Kelsea Dombrovski, AICP
Distribution Modeling, Experimentation and Controls,  Stakeholder Engagement,
Researcher IV, NREL Senior Researcher, NREL Professional Ill, NREL

Kevin Mercer, P.E. 7i /l ‘__/
Prototype Development,
Senior Principal Researcher,

Rheem Manufacturing Company

Kyle Zimbelman
Stakeholder Engagement,
Energy Engineer
Groupl4 Engineering

Jon Winkler, Ph.D.
Design and Experimentation,
Researcher V, NREL
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