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Minnesota Applied Research & Development Fund

* Purpose to help Minnesota utilities achieve 1.5% energy savings goal by:
» Identifying new technologies or strategies to maximize enerqgy savings;
* Improving effectiveness of energy conservation programs;

- Documenting CO, reductions from energy conservation programs.
Minnesota Statutes §216B.241, Subd. le

« Utility may reach its energy savings goal
* Directly through its Conservation Improvement Program (CIP)

* Indirectly through energy codes, appliance standards, behavior, and other market
transformation programs

7/8/22 mn.gov/commerce 5
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CARD RFP Spending by Sector thru FY2020

CARD RFP Projects by Sectors thru CY2020

Multifamily 5+  Agricultural (7),
unit (9), 6.3% \ 4.9%

Multi-sector
(32), 22.4%

Industrial (12),
8.4%

Residential 1-4
unit (27), 18.9%

Commercial
(56), 39.2%

RFP Summary
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* 12 Funding Cycles
« 513 proposals
« 143 projects funded

e S31.2 million in
research
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ve Big Picture

* Space heating is the biggest end use, by a factor of 10, in MN homes

» Decarbonization of space heating via electrification on a clean grid is among the best
climate mitigation opportunities for buildings

* On top of that, they are an incredible energy efficiency technology, up to 600% better
than standard gas furnaces

 But all-electric ASHP systems are prohibitively expensive to buy and also to operate
compared to natural gas furnaces

* Let’s start small?
* ASHPs also cool better than code minimum central air conditioners (CACs)
* Can we advance the ASHP market by installing ASHP as cooling measures?

- How close can ASHPs as CAC replacements get us to our residential space
heating decarbonization goals?
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MN Market Characteristics

Existing HVAC ASHP Options Market Size
AC replacement — with Ducted ASHP 1,200,000 homes
ductwork

Big Opportunity - 1,200,000 homes

Electric baseboard Cold-climate ducted HP 270,000 homes

Propane furnace Ducted dual fuel ccASHP 250,000 homes

Electric furnace Ducted ccASHP 87,000 homes
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e Product Definition — For this Study

WHATIT IS WHAT IT ISNT

v Centrally ducted X Mini-split / Multi-split / Mini-ducted

v/ Natural gas furnace backup (dual fuel or hybrid X All-electric or propane backup
heat)

V' Sized for cooling X Sized for heating
v Single speed air source heat pump (ssASHP)

/ Variable speed ASHP (vsASHP)

v/ Cold climate ASHP (ccASHP)

v Interoperable or non-interoperable with existing
furnace



12

.» Key Research Questions

* What are the market barriers and opportunities for ASHP technology as a
CAC replacement ?

* What are the sensitivities governing energy and cost saving potential?

* What are the promising avenues to customer cost and energy savings?



e Market Research Findings
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Market Research Interviews

* 438 Minnesota Households — Online survey

* Supplemental Info (not presented)
* 30 Installers — In-depth Interviews
3 Distributors — In-depth Interviews
* 5 Manufacturers — In-depth Interviews

14
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oo Customer Survey Overview

 Method

* Online surveys
* Leede Research carried out survey work and analysis
* Target Audience
* Homeowners with furnace and AC
» Segmented recent purchasers and intenders
* Timing
* Information from this study reflects the current environment at the time of the

gathering. It will generally be good for 18 months to 2 years, unless something
significantly impacts the target market for these products.



Key Takeaways — Customers

Most homeowners are
happy with existing
HVAC but are interested
in upgrading for cost or
comfort benefits

Customers are willing to
pay more upfront to
lower their operating

costs; a 6-year payback

Is attractive
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Most customers are
replacing AC at the time
of failure or malfunction
which limits the time for

decision making

Majority of customers
prefer to replace both
their furnace and AC at
the same time

Customers want options
at the point of
replacement

General awareness is

needed, as well as an

education-based sales
process
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e Attribute Importance — Recent Purchasers

Cooling performance

Cost of the equipment
Energy efficiency
Savings during operation compared to other options

Warranty

17
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System Replacement Trends — Recent Purchasers

In the installation process did you replace your
heating system at the same time?

NO

63%

Customers replace heating systems together with ACs at a ratio of 2:1
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:Spending Trends — Energy Costs

\

heating and AC systems in the next two years?

 How likely would you be to spend the following amounts to reduce the energy costs of your

|

Up to $500

$500 to $1000

Over $1000

45% of total

26% of total

37%

20% of total




:o Consider vs. Traditional Central Air

22%

19%
57% of respondents are likely to
consider HP as an AC alternative
8%

15%
13%

1-Notat 6 8 9 10 - Very
All Likely Likely

How likely would you be to consider this technology as an
alternative to AC?
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.» Key Takeaways — Supply Chain

 Contractors:
* Demand for ASHPs as an AC replacement is low
* Education is needed to make the sale
* Sentiment that ASHP business will increase in the future

* Rebates are a key driver

* Distributors:
* Most current sales are mini-split
* Demand for centrally ducted heat pumps replacing AC comes from the utility and efficiency
industry but not from customers
» Contractors are receptive but not yet actively pushing
* ~10% of customers always pick the top option presented — this would apply if heat pumps
were offered over AC

 Manufacturers:
* All manufacturers acknowledged the market is transitioning from fossil fuels to heat pumps
* Generally agreed that HP as AC replacement products will be helpful in transition to all-electric



ASHP for CAC Performance
and Cost Modeling
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. NW NE
.. MethOdOIOQy — MOdel SF Homes: ~120k SF Homes: ~200k

* Hourly building energy model --' e
» Arepresentative building Thief Rver Falle —(—{0_| | ’v
 Broadly consistent with a 1950s CDD: 550 h.

Minneapolis home
* Gas furnace and a failed CAC

* |[terated across a variety of variables
ASHP

Baseline furnace

Gas and electric rates

CAC or full replacement

() Duluth
‘ HDD: 9,000
_.]_ CDD: 400

., Minneapolis — 5t. Paul

j"lh-l
=

L .
 Switchover temperature ..' T oD 700
* Location (weather) |
» Over 1.3 million scenarios Worthington +——0 | [ [ [ ]
CDD:?E)D
SW SE

23 SF Homes: ~160k SF Homes: “1.1M
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v» Methodology — ASHP Archetypes
mm

Single Speed (ssASHP) 2 ton
Entry-level Variable Speed (vsASHP) 2 ton 20 13
Average (vsASHP) 3 ton 20 10.5
Cold Climate (ccASHP) 2.5 ton 18 10
ASHP
501  acHp 40,0009 = ccasHP
o Entry-level veASHF
Eﬁgﬂ;m VSASHP _ E ESASHP ASHP /
401 — ssASHP e ] 30.000- verage v
Average vsASHP % '
3.0 / 4 E;'
O 20,000 -
T
2.0 %2
/ 10000{ —
25 0 25 50 25 0 25 50

Qutdoor Air Temperature (°F) Outdoor Air Temperature (°F)
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Methodology — Variables of Interest
Variable |pewls

Baseline Furnace

Gas/Electric Rates

Replacement Type

Switchover
Temperature

9 furnace + fan combinations
80%—95% efficiency furnaces
Low efficiency (PSC) and high efficiency (ECM) fans
Fixed speed, two-stage heat, two-stage heat + cool

Represent potential present and future rate scenarios
Include dual-fuel electric rates

CAC only or furnace + CAC (full) replacement
Full replacement allows for fan energy savings and gas heating
savings

Temperature at which ASHP switches to backup furnace
Between -15°F and 65°F
Capacity-limited switchover typically above -15°F



:. Incremental Costs

_ Wholesale-Based Average Project Bids

AP [ CAcomy | _Fa | cACOMy | Fal _
EEM 5 /0 5 100 5 200 $ 4300

Entry-level vsASHP** S 2,100 S 3,000 S 5,000 S 6,100
Average vsASHP** S 3,500 S 4,900 S 8,300 S 8,800
S 4,620 S 7,300 S 11,100 S 10,300

40% margin added to wholesale cost-based estimates

*+$1000 for sealed vent (where applicable)
**+5500 for wiring (for multi-stage wiring)




.» Today’s Rebates
I R

Utility Rebate Amount | System Specification Rebate Centrally
Available? ducted units?

Minnesota S400 (ASHP) ASHP: ENERGY STAR, SEER No
Power $1000 (ccASHP) 15+, HSPF 8.5+
ccASHP: SEER 15+, HSPF 9+,
1.75+ COP at 5°F

Otter Tail S600-S700 per  HSPF 9+ & variable speed No N/A
Power ton Higher rebate for ENERGY
STAR or SEER 15+

Xcel Energy N/A N/A Yes ($150 - $450) Yes and heat
pumps



e Results
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v» Cooling Savings — ssASHP

SEER 13 ECM (2stage heat) 1
* Potential cooling savings between O
kWh and nearly 400 kWh per year

[ ] CAC Only

SEER 13 PSC - . Full Replacement

* Lower efficiency CAC units offer the
highest potential savings SEER 13 ECM -

* Furnace replacements increase SEER 12 PSC 1
cooling savings through fan

iImprovements
SEER 10 PSC -

"

N
N

$ S S

* Every ASHP produces increased o < .
cooling comfort compared to Cooling Savings (kWh)

29 existing CACs SEER 14 Single-Speed ASHP

Q
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v» Cooling Savings — vsASHP

* The vsASHP yields between nearly
200 kWh and 700 kWh in cooling
savings

* [nefficient fans penalize variable
speed and lower capacity ASHPs
with longer runtimes

* Furnace replacements increase
cooling savings through fan
efficiency

SEER 13 ECM (2stage both)

SEER 13 ECM (2stage heat) [] CAC Only
. Full Replacement

SEER 13 ECM *

SEeh 12 p5c —

seeR 10psC —
o $ QIQ $

Cooling Savings (kWh)
SEER 20 Variable Speed ASHP
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- Heating Savings

* Heat pumps sized for cooling can
typically meet most of the heating load

* A 2-ton ssASHP can still electrify
nearly half the annual heating load

* Furnace replacements can provide an
additional 40 to 150 therms in gas
savings

* Across all four climates, there is a
20% difference in total max space
heating savings

Location

MPLS

700 CDD
8,400 HDD

ASHP

Archetype

SSASHP

Entry-level

vSASHP
Average
vSASHP

ccASHP

Capacity
Switchover

(°F)

25

0

5

-5

Heating
Load Met
by ASHP

47%

85%

78%

91%
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.» Cost Savings and Cost-Effectiveness

* All combinations of location, baseline, ASHP, and replacement type
have cost-effective outcomes

 ASHP operational cost savings (cost-effectiveness) exhibit extreme
sensitivity to electric and gas rates

Scenario 1 Scenario 2 Scenario 3

* sSSASHP paired * Entry-level * Entry-level
with a newer vSASHP vSASHP
furnace e Full replacement e Full replacement
« CAC-only of older furnace of older furnace
replacement « Dual fuel space

heating rates



Electric Ra

Scenario 1 — Newish existing furnace with entry

ssASHP

Entry Level ssASHP (SEER14), Baseline: 90% ECM furnace w/ SEER13 CAC, Location: MSP, Rate: Regular, Replacement: CAC-only

0.14 1
0.13 1
0.12 1
0.11 1
0.10 1

0.09
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1.4
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1.6
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05 06 07 08 09 10 11 12
Gas Rate ($/therm)

1.3
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1.5

L

1.6

Cost Savings
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o, Scenario 2 — Older existing furnace alongside failed
*“ CAC with entry-level vsASHP

Older existing furnace alongside failed CAC with entry-level vsASHP

Entry Level vsASHP (SEER18), Baseline: 80% PSC furnace w/ SEER13 CAC, Location: MSP, Rate: Regular, Replacement: CAC and Furnace

0.20 Switchover
| °F .
0.19 F) Cost Savings
__0.181 Mo ($yr)
= 0.17- o s
= B 10
& 0167 B 15
© 0.15- = 20
© 25
¥ 0.14 1
5 B 30
5 0131 B 35
(&
9 0.2 L] 40
0.11 5 ‘5‘2
= o
0.09 - []e0 .09 ‘
05 06 07 08 09 10 11 12 13 14 15 16 05 06 07 08 09 10 11 12 13 14 15 16

Gas Rate ($/therm) Gas Rate ($/therm)
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o, Scenario 3 — Older existing furnace alongside failed
*“ CAC with entry-level vsASHP with dual fuel rate

Older existing furnace alongside failed CAC with entry-level vsASHP with dual

fuel rate

Entry Level vsASHP (SEER18), Baseline: 80% PSC furnace w/ SEER13 CAC, Location: MSP, Rate: DF, Replacement: CAC and Furnace

Switchover

(°F)

|
o

AR D WWNN=22=2O
O 01O U1 ©O U1 O U1 O

LT O

0.5 0j6 0/ 08 09 10 11 12 13 14 15 16

Gas Rate ($/therm)

0.20
= 0.19
E 0.18
£ 017
i)
T 0.16
o 01
o 0.14
0 0.13
2012
B 011
m 0.10
0.09

Cost Savings
($lyr)
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[ ] (1100, 1222]

05 06 07 08 09 10 11 12 13 14 15 16

Gas Rate ($/therm)



Conclusions and
Recommendations
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Conclusions — Market Readiness

Existing ASHP
products offer a broad
range of system types

and designhs to meet
customer needs

Market conditions are
positive for
transformational
change




Conclusions — Savings

» Stacking efficiency benefits by
bundling fan, furnace, and
cooling efficiency increase net
savings
Fan

* ASHP savings depend on many = type
factors, but remain highly
sensitive to utility rates

38

Cooling
savings

COST
SAVINGS

Furnace
efficiency

Utility
rates
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Conclusions — Potential

» ASHPs as CAC replacements provide most of the potential of
full ASHP electrification

» This is the opportunity to end traditional CAC as we know it
and advance the baseline
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CARD Project Resources

Industries &
Agencies

Energy
Solar Indusory
Wind Industry
Bioenergy Industry

Energy Environmental Review
2. Analysis

Energy Efficiency
Distributed Energy Resources
Financial Assistance
Technical Assistance
Commercialization Assistance
Urtilities

Annual Reportng

Utility Resources & Rates

Conservation Improvement
Programs

Planning & Palicy
Guidance

Technical Reference
Manual

Applied Research &
> Development

Facz Sheets, Guides
& Tools

CARD Program
Webinars

Projects & Rates

Service Providers
Financial Institutions
Insurance
Unclaimed Property

Securities, Franchises &
Subdivided Lands

Fuel

Scales & Meters

Applied Research and Development

Funds projects to identify new technologies or
strategies to maximize enargy savings, improve the
effectiveness of energy conservation programs, or
document the carbon dioxide reductions from

CARD search

For Reports use CARD Search Quick Link

—

energy conservation projects. CARD Webinars & Videos

Background
The Next Generation Energy Act of 2007 (the Act) established energy

ConServation a5 a primary urce for mesting Minnesota’s energy needs
while reducing greenhouse and other harmful emizsions. The Act also
established 3 savings goal of 1.5 percent of annual retail ele: ; and

Request for Proposals

Proposals & Evaluations

For Webinars use CARD Webinars & Videos Quick Link

i
Fact Sheets, Guides & Tools N

For Other research documents use CARD

_A
N

natural gas sales for all utilities in the state. The utilities may reach this
annual goal directly through its utility Conservation Improvement Program
(CIP) and, indirectly. through energy codes, appliance standards. behavioral
and other market transformation programs.

goal. the Act authaorizes the For questions relatex

annually for grants for applied program, upcoming
like to provide feedh,
contact

o the CARD
ts, or if you'd

To help utilities reach their enargy savi
commissioner to assess utlites $3.600.
research and development projects:

- $2 600,000 for the Conservation Applied Research and Development

Commerce awards grants ina Department of Commerce

[RFP) process. Mary Sue Lobenstein, R&D Program
. inzs ilding to Admin: or
coordinate ez relared to Sustaingble Building 2030 (SE2030) maryzue lobenstein@state mnuz

$500.000 %or the Clean Energy Resources Teams (CERTE) far

community energy technical assistance and outreach.

Praject Info Stakeholder Info Grantee Info

CARD Project Information

CARD projects quantify the
market potential of products and technologies
tegies. Completed CARD projects provide u
energy efficiency program designs within their CIP portfolios.

savings, cost-effectiveness and field performance of advanced technologies;
the State; and i ate and pilot innovative

with infermative and timely information to enhance

To learn about specific CARD projects and project results you can:

[
I}
m
. 0
]
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i

rant Search tool to see a list of all CARD projects or to find the most relevant CARD projects and

ons(s)

Go to our CARD Webinars page to view a webinar on the results of 3 completed CARD project or program
Event

or suggestions,

Fact Sheets, Guidelines & Tools Quick Link

Webinar Recording &
Final Report
available in couple months

11/16/2022

R&D Web Page (https://mn.gov/commerce/industries/energy/utilities/cip/applied-research-
development/)
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Thanks for Participating!

Upcoming CARD Webinars:

* August 18, 2022: Slipstream — Opportunities for CIP to Support Tribal Food Sovereignty
* October 12, 2022: Michaels Energy — Energy Efficiency Potential of Nanofluids

Commerce Division of Energy Resources e-mail list sigh-up

Mary Sue Lobenstein | R&D Program Administrator
marysue.Lobenstein@state.mn.us | 651-539-1872
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Let us know how we did today!
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