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Our heat pump studies
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Methods

 California Energy 
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(NEDO) of Japan
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Agenda: What are the barriers and 
opportunities for heat pump adoption?

 California goals

 GHG emissions

 Heat pump & 
related policy

Ba c kground /
Polic y

Te c hnology 
De ve lopme nt

 Initia l c os ts

 Ope ra ting  
c os ts

 Marke t 
ava ilab ility

Ma rke t Ba rrie rs Te c hnology 
Cha ra c te ris tic s

 Tria lab ility

 Obs e rvability

 Comple xity

 Non- e ne rgy 
impac ts

 Low GWP 
re frige rant

 Variab le  s pe e d  HPs

 Multi- func tion HPs

 Air- to- wate r HPs



Global heat pump markets 



Heat pump installations vary 
by state 



 GHG emissions to 40% below 1990 
le ve ls  by 20 30  (AB 32; SB 32)

 Carbon ne utra lity by 20 4 5 (AB 1279)

 Us e  load  s hifting  to  make  up  to  7,0 0 0  
me gawatts  (MW) of e le c tric ity by 20 30  
(CEC; SB 84 6)
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Heat pump 
policy & 
goals



Heat pumps = keystone
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 Highly efficient all -electric systems

 Enable load flexibility

 Provide heating and cooling

 Provide hot water heating



Heat pump 
installation
rates (CA)
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 5% of CA homes have space 
conditioning HPs

 2% have water heating HPs

 2M short of 6M by 2030 goal

Source: https://heatpumppartnership.org/wp-content/uploads/2025/03/CAHPP_Blueprint_2025.pdf

https://heatpumppartnership.org/wp-content/uploads/2025/03/CAHPP_Blueprint_2025.pdf


 Goal to install 6 million heat pumps by 2030 (CAHPP)

 Targe ting  80 %  of applianc e  s a le s  in Ca lifornia  to  be  
e le c tric  by 20 30  and  10 0 %  by 20 35 (CARB 20 22)

 Ban on ne w na tura l gas - powe re d  wa te r and  s pac e  
he a te rs  by 20 30  (CARB 20 22)

 All applianc e s  in ne w re s ide ntia l c ons truc tion be  
e le c tric  s ta rting  in 20 26  (CARB 20 22)  

Pro- he a t pump

Anti- e mis s ions

Heat pump 
policy



Tech Characteristics

 Initial investment

 Operating cost

 Return on 
investment

 Market 
availability

 Technical 
compatibility

 Performance

 Complexity of 
installation, use, and 
maintenance

 Energy Savings

 Observability

 Trialability

 Environmental 
impacts

 Non-energy 
impacts
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Ec onomic Te c hnic a l In forma tiona l Exte rna litie s

Outcault, S., Sanguine tti, A., & Ne ls on, L. (20 22). Te chnology cha rac te ris tic s  tha t influe nce  adoption of 
re s ide ntia l d is tribute d  e ne rgy re s ource s : Adapting  Roge rs ’ frame work. Energy Policy , 168 , 113153 .



Assessment of ASHPs
15
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Air s ourc e  HP
(TECH, 20 24 )

Na tura l g a s  
furna c e  +  
A/C unit

Air s ourc e  HP
(OD, 20 22)

$ 9 ,8 0 0$ 10 ,50 0

HPWH
(TECH, 20 24 )

Ga s - fire d  WH HPWH 
(OD, 20 22)

$ 3 ,9 0 0
$ 1,9 72

$ 6 ,3 0 1

Ec onomic

Initial cost

$ 17,0 0 0

Space conditioning Water heating
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CA HP 
Ins ta ll 
Cos ts

La c k of 
c ontra c tors

Poc ke ting  
inc e ntive s

Ea rly ma rke t 
tra ns ition

Contra c tor 
in fla tion

Hig h  
e quipme nt 

c os ts

Why are 
heat 
pumps so 
expensive 
in CA?

Ec onomic



18

Source: https://energyathaas.wordpress.com/2023/07/10/not -all-of - californias -electricity -prices -are-high/
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Ec onomic

Operating cost

Mitiga tion s tra te g ie s :

 He at pump e le c tric ity ra te s

 High e ffic ie ncy

 Sola r



More HVAC installers, 
e le c tric ian and  p lumbe rs  
(with HP tra ining) ne e de dContrac tors  unwilling  to  

re c omme nd unfamilia r 
te c hnology

Contrac tors  a re  vita l s ourc e  of 
information for c us tome rs  

Contrac tors  a re  ga te ke e pe rs  
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Contractors may recall older, 
poorly performing HPs 

Workforc e  Shorta geWorkforc e  
Enga ge me nt

Contra c tor 
Re luc ta nc e

He s ita n t to  Re c omme nd

Ne ga tive  Pe rc e p tions

Sourc e : http s ://te c hc le anc a .c om/about/ne ws /he a t- pumps -
trans forming- the - way- c ontrac tors - do- bus ine s s /
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Ec onomic

Market availability

https://techcleanca.com/about/news/heat-pumps-transforming-the-way-contractors-do-business/
https://techcleanca.com/about/news/heat-pumps-transforming-the-way-contractors-do-business/


Cus tome r 
c onc e rns

Unde rs ta nd ing  
inc e ntive  
e lig ib ility

Loc a ting  
c ontra c tors

Ins ta lla tion  
p roc e s s

Home  
upg ra de s  

(p rior to  ins ta ll)
Unde rs ta nd ing  
how HPs  work

Quote  
Compa ris ons

202020

Complexity of 
installation

Te c hnic a l

Loc a l 
Inc e ntive s

Sta te  
Inc e ntive s

Fe de ra l 
inc e ntive s



 Educational resources and tools (FAQs, 
tip  s he e ts , online  re s ourc e s )

 Inte rac tive  de c is ion making  s upport 
(he a t load  c a lc ula tor, re ba te  e lig ib ility 
s c re e ning)

 Holis tic  s e rvic e  mode ls  (quote  
c omparis on, one - s top  s hop)
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Source: http://hotwatersolutionsnw.org/is - it- right - for -you

Te c hnic a l

Addressing the 
complexity of 
installation

http://hotwatersolutionsnw.org/is-it-right-for-you
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Background: https://singingriver.com/wp -
content/uploads/2018/01/smepa_ca_bklt_12 -2-2015-web -1.pdf
Top Left: https://www.visitaheatpump.com/
Bottom right: https://www.canarymedia.com/articles/heat -pumps/heat -pump -
coaches -help -neighbors -ditch - fossil -heat - in-Massachusetts

In forma tiona l

Increasing 
observability
 Dis playing  s igns  in public  s pac e s

 Educ a tiona l re s ourc e s  e xpla ining  how HPs  
work

 Engaging  HP owne rs  to  e duc a te  through 
home  vis its  and  te s timonia ls

https://singingriver.com/wp-content/uploads/2018/01/smepa_ca_bklt_12-2-2015-web-1.pdf
https://singingriver.com/wp-content/uploads/2018/01/smepa_ca_bklt_12-2-2015-web-1.pdf
https://www.visitaheatpump.com/
https://www.canarymedia.com/articles/heat-pumps/heat-pump-coaches-help-neighbors-ditch-fossil-heat-in-Massachusetts
https://www.canarymedia.com/articles/heat-pumps/heat-pump-coaches-help-neighbors-ditch-fossil-heat-in-Massachusetts


 Passive exposure 
 AirBNB
 Danc e  c lub

 Virtua l inte rac tion 
 online  de mo

 Ac tive  e xpos ure  
 tiny home
 home  vis its
 s howrooms

 Home  te s t 
 HP re nta l 
 portab le s
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Top: 
https://www.les.com/sustainability/
educational-interactive-tiny-house

Bottom: 
https ://wa tts marthome s .com/hea t-

pump- comfort/

Addressing low 
trialability

In forma tiona l

https://www.les.com/sustainability/educational-interactive-tiny-house
https://www.les.com/sustainability/educational-interactive-tiny-house
https://wattsmarthomes.com/heat-pump-comfort/
https://wattsmarthomes.com/heat-pump-comfort/


…on occupants, users, community, society, 
and  e nvironme nt…

Comfort

Temperature 
ControlConvenience

Safety 
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Cleaner & 
Greener

It is often the non-energy benefits that 
motivate…decisions to adopt energy-

efficient technologies. 
- Mills  & Ros e nfe ld  (1996)

Exte rna litie s

Non -energy 
impacts
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Occupant impacts

Physiological Psychological Economic Practical Sociological

Functional 
outcomes

Spatial

Thermal

Air

Acoustic

Visual

Building Integrity

Exte rna litie s

Non -energy 
impacts



Future Research

Customer 
education

Trialability

Affordability of 
installation and 
operation

Financial 
incentives
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non-energy 
benefits 

Promoting 
load flexibility 
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Raising 
awareness 

Cultivating 
heat pump 
ambassadors

Installation

New 
refrigerants

Customer 
education

Engagement Training

Variable speed

Multifunctional 

Ultra - low GWP 
refrigerants

Air- to-water 

Optimizing heat 
pump controls

Heat Pump 
Advancements

Load 
Flexibility
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Please visit our website at:
https://energy.ucdavis.edu/market-transformation-research-program/

Or scan the QR codes to go directly to some of our 
recent research papers!

Thank you!

HP Prog ra ms  
Re port

HP Prog ra ms  
Da ta ba s e
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Pa pe r
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for HP Adop tion  

Ha rne s s ing  NEIs  

https://energy.ucdavis.edu/market-transformation-research-program/
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