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What Matters Most

In Determining ASHP Application Types

Dan Wildenhaus

Rabi Vandergon



oo At our core

@

¢

PROGRAMS

We cut energy waste and improve
comfort in homes, buildings, and
communities.

CONSULTING

We help building owners and
entire communities achieve long-
term, energy-saving solutions.

POLICY

We strive for high-impact,
pragmatic solutions guided by
a public interest ethic.

RESEARCH

We identify cost-effective, efficient
technologies through analysis,
modeling, and engagement.

LENDING

We empower people to make
upgrades on energy efficiency and
comfort in homes or businesses.

MARKET TRANSFORMATION
We accelerate adoption of
promising technologies through
early market engagement.

cee”

Center for Energy and Environment



MN ASHP Collaborative
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A Launched by CEE in 2019 to accelerate adopti
of ASHPs in MN:

A High opportunity for delivered fuels and electric
heatcustomers in rural MN
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A Following ECO and ETA legislation, programs :
expanding to new application types including
dual fuel ASHPS in 2023
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Goals

Understand features to ensure
success:

AScenario specific considerations and
guidance

AProject goals
ASizing

A System types
AEfficiency ratings

APerformance characteristics of
home

Image credit: https://www.deviantart.com/bouzid27/art/Mountain -Everest- Nepal- Himalaya- 1 681356456



Quick poll* How many people here do NOT have a heat pump
In their home?




Now, how many
of you without a
heat pump are
considering one
IN the next 5
years?




Research influences



Does sizing really matter? - From research

If oversized for cooling by more than 14@¥tgrgy usecost penalty of up to 10%
may be seen (depends on equipment type, brand, algorithms, control strategies

and settings, etc..)

If oversized for heating by more than 15@¥grgy usegost penalty of 1 to 30%
may be seen (depends on equipment type, brand, algorithms, control strategies
and settings, etc..)

Wrong sized for thductwork can lead tonuchhigher fan watt drawAn AHRI
report showed that adding static pressure to Electrically Commutated Motors
only reduced flow from 1 to 3% with increased fan power draw up to 48%!

NIST, NREL, Proctor Engineering, lllinois Institute of Technology, AHRI



CEE research findings

60,000

Design day Heating Load (Btu/hr)

® Measured Data

N
B Contractor A

m Contractor B

1062 1056 1065 1078 1061 1049 1030 1037 1055 1027 1054 1070 1026 1052 1028 1047 1031 1063 1045
Site Number
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Envelope Improvements Show Results
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Never replace another AC with an AC

AResearch project for ComEd- Strategies
for Heat Pump Adoption at the Time of Air
Conditioning Replacement

ACARD research project - Market
assessment in Minnesota

ACARD research project * Heat Pumps for
ACs

ACARD research project * Optimized
Installations of Air Source Heat Pumps
for Single Family Homes



Cost Savings and Cost-Effectiveness

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

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

Scenario 1 Scenario 2 Scenario 3

AssASHP paired AEntry-level AEntry-level
with a newer VSASHP VSASHP
furnace AFull replacement AFull replacement
ACAC-only of older furnace of older furnace
replacement ADual fuel space

heating rates



Scenario 1 7T Newish existing furnace with
entry SSASHP

Entry Level ssASHP (SEER14), Baseline: 90% ECM furnace w/ SEER13 CAC, Location: MSP, Rate: Regular, Replacement: CAC-only
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Scenario 2 1 Older existing furnace alongside
failled 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
Switchover

(°F)

0.10 -

0.09 -
05 06 07 08 09 10 11 12 13 14 15 16

Gas Rate ($/therm)

0.20
0.19 Cost Savings
018 ($/yr)
S 017 (66.7, 133]
= 016 (133.3, 200]
LA B (200.0, 267]
% 0.15 B (266.7, 333]
oy 0.14 (333.3, 400]
'§ 0.13 (400.0, 467]

|| (466.7, 533]

O
L 042 ] (533.3, 600]
0.11 (600.0, 667]
0.10 / (666.7, 733]
/|

0.09
05 06 07 08 09 10 11 12 13 14 15 16

Gas Rate ($/therm)



Scenario 31 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
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Why Is it Important to understand
ductwork implications?

Several research projects
across the country wHYS

Increased fan energy use

Capable of delivering the alir
where it needs to go!




Fan watt draw and pressure

Chicago: ECM + flex

60%
80% 1
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]
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Table 10. Annual energy simulation results for both homes g

ine using the Austin contractor’s designs

Total | Airflow Total Total Gas
Blower | Pressure rate Cooling @ Fans @Electrcity Heating Consumption
Home |Ducttype| type |(in. w.e)| (CFM) | (kWh) (kWh) | (=10°Bm) | (x10°Btu)
0.507 1200 619 8108 60.95 RE 88
PSC 0807 964 661 8139 60.93 B8 85
i 1107 622 786 8331 63.71 91.70
‘lex -
Chicago 0.50 1200 611 7878 61.55 89.51
ECM | 0.807 1162 614 7972 60.47 88.39
3-ton AC 110" | 1103 | 631 8056 60.86 88.78
Gas furmace
0.507 1200 611 B0B6 59.52 87.41
1200 CFM PSC 0807 964 656 8128 60.25 BE.16
nominal Metal 110" | 622 769 8300 62.17 90.12
eta
0.507 1200 603 7861 60.10 88.02
ECM | 0807 1162 611 7964 59.89 87.80
1.107 1103 625 8042 59.90 87.80

Figure 14. Estimated relative change in annual fan, cooling, and heating energy usage and total annual
HVAC energy cosis for the Chicago home with both types of AHU fans and both rigid and flex duet work at
each duct design (using only the Chicago contractor’s duct designs).




Industry Alignment



Not alone In this!

AAdvanced Heat Pump Coalition

AConsortium for Energy Efficiency
* ASHP QI Working Group

ANEEP* Residential Heating
Electrification Working Group and
Size for Heating Working Group




Advanced Heat Pump Coalition

A “Coalition of the Willing”

Goal

To increase research collaboration among energy
efficiency organizations that are working to accelerate
market adoption of advanced heat pumps

Membership
* ACTIVE = Fund and Guide collaborative activities
 PASSIVE = attend semi-annual webinars, provide feedback

Committees

*+ Steering Committee
(NEEA, NEEP, MEEA, CEC, NRCan, EPA, NYSERDA)

* WG #1 — Improved Test Procedure and QPL
* WG #2 — Roadmap Specification and Mfr Engagement

Brightest heat pump minds
from organizations such as these:
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ldentify heat pump capabilities and features
Workgroup 2 — Roadmap

Vision
- Heat pump capabilities that enhance in-field performance

are well supported by utility programs and
provide additional value to the HVAC industry

What is a “Roadmap Specification”
* It is not program specification
* It includes MT fulcrum items

A
A
R |
* It leverages industry direction ‘

Desired Outcomes
- Manufacturers have clear understanding of what Utilities need

- Widespread utility program support exists for the features specified




CEE ASHP QI Working Groups

Resource Catalogue

Resource Gaps
Utility resource gaps
Contractor resource gaps

ASHP QI ADVISORY COMMITTEE

Guidance on Selection, Design,

Sizing, Installation, and Operations

Best Practices ldentified
InCIUd|ng applICatIOH Specrﬁc Alice Rosenberg and Emma Hanson, CEE

David Douglass-Jaimes and Jose Garcia, TRC

praCtlceS September 6, 2022

Salt Lake City, Utah




NEEP Size for Heating Wor

Improve features in the Size
for Heating Tool

Vet updated materials from
NEEP

Develop and share resources
for the Size for Heating Tool

Graph Information @

king Group

== System Capacity, Heating Load, and Weather Data Graph

Annual Load x Hours (Btu/yr): 52 181
Supplemental Hear: 0 - 52 181
Modulating Heat Pump: 8 000 - 24 500
Heating Load Line (Btu/h): 52 181

® Heating Max. Cap.: 24 500
Heating Min. Cap.: 8 000

Annual Load x Hours (Btu/yr) Supplemental Heat
Heating Load Line (Btu/h) -@ Heating Max. Cap.

Product Sizing For Heating
Field Information @

Capacity Balance Point (°F)

Minimum Capacity Threshold (°F)
Maximum Capacity at Design Temp (Btu/h)
Percent Design Load Served

Annual Heating Load (MMBtu)

Percent Annual Heating Load Served

15

25 30 3s 40 45 47

Outdoor Temperature ('F)

Modulating Heat Pump
-@ Heating Rated Cap. Heating Min. Cap.

16

29,181

69.5%

100.5

87.4%

Potential Low-Load Cycling

Field Information @

Annual Btu's Covered by Supplemental Heat (MMBtu)

Hours Requiring Supplemental Heat
Percent Hours Requiring Supplemental Heat
Percent Annual Load Modulating

Percent Annual Load with Low-Load Cycling

Design Temperature

(4 Af Mg proT [Enuuy

12.6

418

7.1%



Heat Pumps Categorized

By Performance Type



Variable Speed Heat Pump
Product Assessment and
Analysis

Prepared for NEEA, and led by:

A Christopher Dymond* Sr. Product
Manager

Center for Energy and Environment
Team:

Alsaac Smith * Project Manger

A Ben Schoenbauer * Lead Research
Engineer

ADi Sui* Lead Modeling Tool Developer
A Chidinma Emenike * Lead Analyst

https://neea.org/resources/variable - speed- heat- pump- product- assessment- and- analysis

HU EUU+ geuU éUAg éhye 1c¢C

- Christopher Dymond, at project kickoff - July 2020



https://neea.org/resources/variable-speed-heat-pump-product-assessment-and-analysis

Capacity Curves

Nominal 3- Ton units
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COP Values

Nominal 3- Ton units
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Developing Archetypes * Metric Review

ModRatio | CapRatio| CapSlopeLowLoadCO, HighLoadCOP

Rated @ 95/ Capacity | Capacity COP at
Min capacity| Max5/ |[Max5/Max| minimum | COP at maximum

47 Rated @ 9 17 output @ 47| output @ 17

Excellent: top

10%
Good: top 25% 3.60 0.83 0.88 5.0 2.6
Market Mean

Value 2.7 0.59 0.79 4.0 2.4
Poor: bottom

25% 2.2 0.54 0.75 3.8 2.1

Worst 1.00 0.50 0.50 3.5 1.0




Archetypes

ModRatio CapRatio CapSlope |LowLoadCO| HighLoadCOF HSPF
Rated @ 95| Capacity COP at COP at Ave. HSPF fol
Min capacityMax5 / Ratec  Capacity minimum maximum Reference
Archetype 47 @ 95 Max5/Max17 | output @ 47| output @ 17 | Equipment
Reference VSH 3.00 0.60 0.80 4.00 2.40 9.70
Capacity Chamj 2 5 1.00 1.00 4.00 2.40 10.70
COP King 2.50 0.60 0.80 5.40 2.80 11.40
Modulator 5.00 0.60 0.80 4.00 2.40 10.60
Mild Master 3.50 0.50 0.80 5.00 2.60 11.00
Average Two 1.30 0.50 0.50 3.80 3.00 9.50
Average One 1.00 0.50 0.50 3.60 2.40 8.20




The Variable Capacity Heat Pump Analysis Tool

ADeveloped by MN CEE guided by NEEANd advisory group
A8760 hourly energy balance model
ASpreadsheet based

AKey Inputs
AClimate
AHouse load
AEnergy and equipment costs
AHeat pump COP and Capacity VST,
A Controls and thermostat settings



Model Inputs

Climate House Type

8760 Model
-~ Home load

- Capacity

- Performance

Heat Pump*

- Archetypes
- Varying Sizes

Parametric
Database

- Compare every run
"~ Visualize results

Outputs

- Energy Use
- Performance
- Energy Cost

AHome Load: 45,000 Btuhr @ - 5°F

A Same home load curves used across
different geographies

HP Curve

60,000
50,000
40,000

30,000

e

10,000 /

-20 0 20 40 60 80 100 120

= M btu Max btu Home Load



Model Outputs

ADaily Energy
ASystem COP
APeak Demand

AlLevelized Cost of
Heat/Cool
AUtility perspective
ACustomer perspective

System COP vs OAT
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Cold Climate Modeling

ABozeman, MT
A Design conditions:

A Heating load @ designtemp (' : * " E”~ "~ y " ‘"t 4+
A- CCui Ag WuCAO ., OUEiIi¢A guye ~ '
AMethodology * model every archetype
AVary size by design temperature; -' : E- ' E°

AEvaluate Results
AEnergy use

ALevelized cost
A (install cost + maintenance + operation) / lifetime energy delivered

ACompare results across sizes
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Levelized
Cost

HP Key:

Levelized Cost by HP Size

Customer Levelized Cost Total ($/MMBTU) *
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Total Energy Use vs. HP Tonnage

Sizing

Example - \/

Bozeman

16,000 on D (Dy x C 5

design
pxC temp)

- ————— -

MT X C

. = =
W > LA
(] [ o
= = 2
'S} o o

Archetype mode

Total Energy Use (kWh/yr) %

_ 12,000
Capacity Champ

B COPKing HHO00

B \ild Master 10,000

B Modulator

W reference VSHP So0e

B two_stg wo0e

20 25 3.0 35 40 45 50 55 60 65 70 75 8.0 85 9.0 95 10.010511.0
HP tonnage



Comparison of weighted heating hours versus outdoor air temperature

Bozeman - Weighted Heating and Cooling Load Hours
25,000,000
20,000,000
15,000,000
10,000,000
5,000,000

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120

Minneapolis - Weighted Heating and Cooling Load Hours
20,000,000

15,000,000
10,000,000
5,000

-40  -30 -295’00-013800) 0 10 20 30 40 50 60 70 80 90 100 110 120



Takeaways

AEquipment cost is a major factor for levelized cost

A Sizing systems to meet load at 17°F resulted in lowest levelized cost (Capacity Champ
either 17°F or 5°F)

A Bigger system = larger cost
A SEER remains the largest driver of cost

AExtended capacity and modulation have less impact on performance than
expected

A Coefficient of performance, especially low load at 47°F is a key driver to
lowest levelized cost

A COP Kingand Mild Master w/ good COP at 17F and 47°F, but capacity ratio of 50%
outperform

A Cold- climate sizing~ meet the heating load between 5°F and 17F

Full report: https://neea.org/resources/variable - speed- heat- pump- product- assessment- and- analysis



https://neea.org/resources/variable-speed-heat-pump-product-assessment-and-analysis

Heat Pumps Categorized

By Efficiency/Rating



Specification and Testing Procedure Changes

Why do we care?

1. Reminder of changes
2. Baseline has changed

3. Compare new and existing
equipment

4. Programs updating minimum
specification

DISTRIBUTOR-STOCK ~ poE-cHALLENGE
EN ERGY‘STAR FEDERAL-MINIMUMS MAN U FACTU RE R
LABEL  PROGRAM-REQUIREMENTS ~ SOFTWARE-

paTA-ENTRY TAX-CREDIT



Federal Minimum Standard and New Ratings

M | N | mum Heat Pump Efficiency Increases

Eff|C|ency HSPF ~4% increase

| ncrea8| ng SEER ~7% increase
N eW Ratl ng HSPF/SEER to HSPF2/SEER?2
Procedure HSPF2 ~15% reduced

= Smaller SEER?2 ~5% reduced
Numbers



New Rating Testing Protocol

AOId test procedure ANew test procedure




New Rating Testing Protocol

Heat Pump Test Procedure Example

Current Test Procedure New 2023 Test Procedure
SEER, EER, HSPF SEER2, EER2, HSPF2
. Z / Test Procedure Change N N\ D\
Lt P ; ONT N R
y 7 S 7 | Increased external static N N N N
L 7 Z  /  / pressure by 5X = increase RN G,

W blower motor watts = w
AN reduced efficiency rating S

0.1 ESP * External Static Pressure UJESP .
EE] =53]

v N

‘n , o l‘, - -'
'.4_- <% ,".'P’..c_' > I
ot TS

| SpEea—— — ' g

Image from Day and Night Heating and Cooling Products



AHRI conversion factors

SEER to SEERZ2 (also EER to
HSPF to HSPF2 EER?2)

ADucted systems = 0.85 ADucted systems = 0.95
ADuctless systems = 0.90 ADuctless systems = 1.0

Source: Consortium for Enerqgy Efficiency



Ducted Specification Comparison

5o

2023 Federal Minimum Standard (Heat Pur

North) 14.3 7.5
ENERGY STAR v6.1 15.2 11.7 7.8
ENERGY STAR v6.1 cold climate 15.2 8.1

25C Tax Credit Levels 15.2 10 8.1



Ductless Specification Comparison

ispr

2023 Federal Minimum Standard (Heat Pun

North) 14.3 7.5
ENERGY STAR v6.1 15.2 11.7 7.8
ENERGY STAR v6.1 cold climate 15.2 8.5

25C Tax Credit Levels 16 9 9.5



NEEP cold climate ASHP Product List

"
—
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NEEP'S COLD CLIMATE AIR SOURCE

Heat Pump List

h Products Consumer and Installer Resources About ASHP Initiative About NEEP

[}

Sear

()

Cn behalf of clean energy and energy efficiency stakeholders, NEEP is pleased to host the Cold Climate Air Source Heat Pump (ccASHP) Product List. This
Product List was originally launched in 2015; for more on the background, visit the ASHP Initiative. The list includes ASHP systems that meet the latest version
of the ccASHP Specification. The voluntary specification includes requirements for both performance levels and a series of reported performance standards.

Please note that being listed does not necessarily mean a product is appropriate for all cold climate applications. Consumers, contractors, and designers
should review building loads, equipment capacities at design temperatures, and other important factors before selecting equipment. Visit NEEP's Installer and
Consumer Resources for more information.

Ready to search the list?

Product Type @ Ducting Brand AHRI, Model, Unit @ Heating Capacity Heating Capacity 5°F
Configuration 47°F Rated Btu/h ©@ Max Btu/h @
All Product Typ ¥ All Ducting Cor All Brands v AHRI, Model or Ur 0 50000 0 60000
® © ®

ENERGY STAR Certified

CJENERGY STAR
[LJENERGY STAR Cold Climate

SEARCH THE LIST

Advanced Search - Sizing for Heating

Advanced Search - Sizing for Heating User Guide @



Inflation Reduction Act of 2022

A$2,000 Tax Credit for qualifying ASHPs (25C) through 2032
AStatewide home energy rebates (HOMES and HEEHRA)

March 2023 Sept./Oct.
State Energy 2023
Federal govt. Dept. of ; DOE approves
seeking input Energy (DOE) Office (SEO) SEO

issues submits plan
guidance

Implements

https://mn.gov/commerce/energy/federal -rebates/



https://mn.gov/commerce/energy/federal-rebates/

o BUT FIRST WE HAVE TO KNOW YOUR EEAT LOAD AND IT HAS TO BE 15.2 3
M : U U SEER2 AND HAVE G00D COLD TEMPERATURE PERFORMANCE AND BE ON THIS LISTOR
O cc YOU BAVE TO INCOME QUALIFY AND WE HAYE TO HAVE SOMEONE COME LOOK AT THE
mnnnrlnmnmnnnmumm USEA nrmucnrumnlm MODEL OR

because - - T

-

- - - ; r* ]
. ) ‘l l e
25C* Must meet CEE highest, L - Q? N\ . >
non-advanced tier ol ¥ :

45L * Regional specific
minimums to model against

HOMES* Modeled savings,
Federal Minimum Standard

=Ty

EXPLAINING IRA HEAT}

aligne
PUMP INGENTIVES TO HOMEOWNER




Considerations by
Application Type



Design Challenges

A Accurate load calculations

Al €0 El
Residential Load
.calsylaitlnn

| F "r FREE

ADetermining when to size for heating vs cooling

ADistribution (ductwork) not properly designed for variable speed
equipment

A21 El UGi Use 6UAg éhy érundhiding technologyiini AREIEE
cold climates

Alnaccurate expectations how heat pumps should operate, leading to
not use/overuse, or request unnecessary service calls

A Selecting the right heat pump for the use case

ASelecting the best control strategy for the customer and equipment



Actual Use Cases for ASHP

ACentral ducted furnace and P
AC

APropane or natural gas (hybrid |
heat)

AElectric furnace
AMini- split displacement
AHomes with zonal heat

AAll electric - full heating
system replacement

Alsolated zone

ANew construction
AGut rehab
ADeep retrofit




AC and Furnace

Natural gas or propane



ASHP Use Case: Existing Furnace & AC

Typical home attributes

A 80% efficient furnace

A3-ton AC* Q14 SEER

A Existing heating fuel natural gas or

propane

General existing conditions to
consider

Als existing furnace oversized?

A Comfort complaints about uneven
temperatures

A Are ductwork modifications needed?

A How much time is spent at home vs
away?




ASHP and Furnace

Dual fuel natural gas or propane furnace with single or two stage ASHP



Dual- Fuel - Standard ASHP and Furnace

A How to achieve best cost efficiency for singe and two stage systems.

A Size at the high end of the cooling load
A Dondét significantlltoymomvtharceoling reedonl!l v a
A Use maximum capacity at 17 AF

ALook for O16 SEER

A Furnace replacement or integrate with existing?

A Replace if near end of life or

A If inefficient <95 AFUE without ECM blower

A Thermostat and other controls
A Wherever possible use the manufactures suggested thermostat
A Enter a customized temperature-based switchover based on findings from
customer discussion
A Homeowner education
A No thermostat setback or very minimal setback no more than 4 degrees

A Avoid the use of constant fan - utility bill penalty.




ccASHP and Furnace

Cold climate heat pump dual fuel natural gas or propane



Dual Fuel - ccASHP and Furnace

A Achieving the best efficiency first cost and operation | et
cost ’ |

A Size for heating load

A Up to 115% of cooling load
A Use max capacityat 17 For5°F

A Furnace replacement or integrate with existing?

A Replace if near end of life or
A If inefficient <95 AFUE without ECM blower

A Backup Heat / Controls

A Thermostat - temperature based switchover*

A Integrated load-based backup heat
A Homeowner Education

A No thermostat setbacks

A When used setbacks typically align operation with peak
times

A No constant fan

*use balance point or economic switchover temperature



Operational Cost Considerations * Natural Gas

Annual Cost

$2,000
$1,800
$1,600
$1,400
$1,200
$1,000
$800
$600
$400

$200
$0

Baseline -
Conventional
System (Furnace
and AC)

Hybrid-Heat System (ccASHP and Furnace)

|||||||ii||| $1.150 $1.150

$1,190

15°F Switchover @ 25°F Switchover @ 35°F Switchover @ 45°F Switchover

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Natural gas: $82dtherm ; Weather station: Duluth, MN



Operational Cost Considerations - Propane

Baseline -
Conventional
System (Furnace
and AC)

Hybrid-Heat System (ccASHP and Furnace)

$3,500
$3,180

$3,000 $2,930
$2,690

$2,500 $2,390
$2,080
$2,000

$1,500 Heating Cost

Annual Cost

, Heating Cost
Heating Cost

Heating Cost
$1,000 Heating Cost

$500

$0
15°F Switchover 25°F Switchover 35°F Switchover 45°F Switchover

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Propane: 3.0 / gallon; Weather station: Duluth, MN



All Electric Furnace

Replacing electric furnace with ccASHP, beneficial electrification



All Electric ccASHP

A How to achieve best cost efficiency with all electric systems.

A Size for heating load
ADonét significantly oversize

A Use maximum capacity at 5 AF

A Backup heat / controls
A Use a central thermostat with integrated controls

A Electric plenum heater meets load when needed

A Homeowner Education

A No thermostat setback

A When might is this be the right suggestion
A Already has electric furnace and ac

A Customer is ready to replace and wants high performance

A Carbon impact or future driven outlook

A Caution: Possible roadblock could be panel capacity in older homes



Operating costs: all- electric, cold - climate heat pump
compared with a propane furnace / AC baseline

Alternative
3 tons

Baseline
3 tons

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Propane: 3.1 / gallon; Weather station: Duluth, MN




