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Your Trainer

Dan Wildenhaus

Sr Technical Manager and Trainer—
Center for Energy and Environment

15 years as a contractor doing HVAC and
Weatherization

15 years as a consultant and trainer for
utilities and governments

A Colorado resident!
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What we’ll cover today

Why Right Sizing Matters Review

Quick Load Calc Review

Specifications

What's in the Design Phase?

Manual S

Manual S alternatives

Options for when Heat Load is 1.5x Cooling Load
Altitude and Dry Climate Adjustments

Sizing for Ductwork

Summary

Please keep yourself
muted!

Please type questions and
comments into the chat!




Problem statement:

Sizing, design, and selection is often done based solely on rules of
thumb or based on previous sized systems.

“Variable Capacity Air Source Heat Pumps perform best and meet
savings goals when sized appropriately for system type, application,
and supplemental fuel type.”
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Concerned that Manual Jwon’t size large enough?
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Does sizing really matter? - From research

If oversized for cooling by more than 140%, some energy use increase may be seen
(depends on equipment type, brand, algorithms, control strategies and settings, etc..)

If oversized for heating by more than 150%, some energy use increase may be seen
(depends on equipment type, brand, algorithms, control strategies and settings, etc..)

Wrong sized for the ductwork can lead to much higher fan watt draw. An 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



What other real-world challenges may exist when
oversizing?

® Forfiltration, run times matter!

® For ventilation, run times matter!

/
® For home destratification, run times matter! 2
® On and off systems can lead to larger temperature swings. 15
® For humidification, run times matter!
® |arger compressors and fans may require larger electrical circuits. | 4 3|0 \

® |arger compressors and fans may be noisier.

® Oversized systems may struggle with existing ductwork.
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Matter!

Quick Review



Block load vs Room-by-room

Block load Room-by-Room
» Accurate for whole house systems » Accurate for whole house and
Faster and easier zonec_l Systems
Provides necessary sizing data * Required by some code
jurisdictions
Shorter, cleaner reports . .
_ * Provides necessary sizing data
Meets PRPA requirements

Works with <k and « Meets PRPA requirements
» Works with measureQuick an . .
PNNL QI tool ? » Works with measureQuick, PNNL

QI tool, and ASHRAE 221

(e



Decision Matrix for type of load calculations

BPI Compliant

Block load Existing Equipment

ASHP Application Room-by-room = it Software | Capacities

ASHP installation in a new house, or
in a house with significant
envelope upgrades

v

ASHP retrofit or add-on installation
in an existing house
with an Energy Audit

v

ASHP retrofit or add-on installation
in an existing house
without an Energy Audit

Maybe

Maybe

Cee - comfort issues house

Right option Basically a
for homes block load
with IAQ and for whole

10



Manual J and Equivalent Approaches

Equivalent — versions may/may
ACCA Approved not be ACCA Approved

s Free
@0' @.!E: TFE?&HTSUFT' HVAC Man J v7 equivalent

SIZING TOOL No low-e, only SHGC

Elite Software

EnergyGauge Canadian
Energy and Economic Analysis Software F280 Comp I |ant
Not free

65 h 2 X Getting ACCA approved

Great for hydronic

Cee Many of these tools have Manual S or similar built in! 1
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Designing for the Heating
Load or Cooling Load?
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When to size to the cooling load

Size to cooling load when auxiliary heat is
less expensive, or they are keeping the
furnace

Applicable for:
* Natural gas customers (dual fuel)

* Note, learn your local programs. Some may
only prowde Incentives if X% of load is met
by a heat pump, even in dual fuel scenarios
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When to size to the heating load?

Size to heating load to displace an
expensive auxiliary heat

Applicable for:

* Propane customers (dual fuel)

» Customers with electric resistance heat
* All-electric system

(e



Important notes when sizing to the heating load

Ensure the system is not oversized for the cooling load*

these scenarios

|I\r Variable speed, cold climate systems are recommended for

(e
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Level Setting Terminology

Residential air source

heat pumps
( .
COMDressor Conventional
Tp o Inverter driven (single or
yp double speed)
\_
(
T Quialified
Cold-Climate ¥ IS < Not listed
listed? credit certifie
\_

What qualifies as a “cold-climate”

heat pump?

» Generally efficient at low ambient
temperatures and can achieve
capacity performance and
maintenance

“Dual fuel” can mean many things

« Equipment compatibility

« Utility program description

» Always ask to fully understand the
definition!



Measures

Specifications in 2025

Efficiency Works Specs

Xcel Specs

Colorado Tax Credit

Federal Tax Credit
CEE1

ENERGY STAR v6.1

Ductless minisplit (cold climate)

21 SEER2,9.1 HSPF2
ccHP certified
Sized for heating or cooling

16 SEER2,9.5 HSPF2,
11.7 EER2
1.75 COP @5
70% cap maintenance

ENERGY STAR
15.2 SEER2, 8.5 HSPF2,
1.75 COP @5
70% cap maintenance
Controls Verif Procedure

16 SEER2, 8.5 HSPF2,
9.8 EER2
1.75 COP @5
60% cap maintenance

15.2 SEER2, 8.5 HSPF2,
1.75 COP@5
70% cap maintenance
CVP

16 SEER2, 8.0 HSPF2,

15.2 SEER2, 7.8 HSPF2,

Standard air source heat pump 12\-/;2:055351]3 V|\-/|§,5po||::2 HéSP.IEZS,ElElI-R’?ZI,EEg , A 1-17;-%35}(; : 117 EER?
45% cap maintenance
15.2 SEER2, 8.1 ENERGY STAR 15.2 SEER2, 8.1 HSPF2,
15.2 SEER2, 8.1 HSPF2 HSPF2 10 EER2 15.2 SEER?2, 8.1 HSPF2, 16 SEEQRSZI,EEIBEER?SPFZ’ 175 CO.P@S
Cold climate air source heat pump i 1.75 COP @5 1.75 COP @5 : 70% cap maintenance
chSHP certlf!ed 70% cap maintenance 70% cap maintenance 1.75 COP @5 cvp
Sized for heating 60% cap maintenance

Controls Verif Procedure

CEE1 25C Heat Pump Tax Credit Specs - 2025




Measures

Efficiency Works
Specs

Xcel Specs

Colorado Tax Credit

Future Specifications 2026

Federal Tax Credit
CEE1 2025

ENERGY STAR v6.2

Ductless minisplit (cold climate)

21 SEER2,9.1 HSPF2
ccHP certified
Sized for heating or cooling

16 SEER2,9.5 HSPF2,
11.7 EER2
1.75 COP @5
70% cap maintenance

ENERGY STAR
15.2 SEER2, 8.5 HSPF2,
1.75 COP @5
70% cap maintenance
Controls Verif Procedure

Same as ducted!

15.2 SEER2, 8.5 HSPF2,
COP 1.75 @5
70% cap maintenance
CVP

Standard air source heat pump

15.2 SEER2, 7.8 HSPF2

15.2 SEER2,7.8

16 SEER2,8 HSPF2, 11
EER2,1.75 COP@5, 50%

15.2 SEER2, 7.8 HSPF2,

(for dual fuel scenarios) Switchover below 35°F HSPF2, 11.7 EER2 NA cap maintenance, AHRI 11 EER2
1380
15.2 SEER2,8.1
HSPF2 10 EER?2 15 zi“éEE';gY;lTﬁgsz 16 SEER?2, 8.5 HSPF2,9.8| 15.2 SEER2, 8.1 HSPF2,
Cold climate air source heat pump 15.2 SEER?, 81HSPF2 1.75 COP @5 ’ 1.75 Cbp @5 "I EER2, 175 COP@5, 65% COP 1.75 @5
(for whole home electrification) CCASHP certified 70% cap maintenance | 70% cap maintenance | CaP maintenance, AHRI'|  70% cap maintenance
Sized for heating 1380 CVP

Controls Verif Procedure

ENERGY STAR v6.2 Specification
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Any questions so far?
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Specific to Colorados climate




Consortium for Energy Efficiency

Sizing Considerations
and System Design
Guide

(e

What design load are

you sizing for?
What kind of | —
heat pump are you Heating Cooling Is the JSHR >0.95?
installing?
¥
e S Sihdie or What kind of
N | g o e heat pump are gL NG Yes
stage stage Two-stage you installing? ' T
Use Dry Sizing
P - Condition
Variable . Standard Sizing
Capacity ] Condition NVarahlc
N e Capacity
v What kind of heat pump

z 1 are you installing?
* Variable-Capacity:
Advanced Sizing

Condition ! T * $

T « Variable-Capacity: , X .
. Simplified Sizing €€ Vanablg Single- or Two-

B Condition . Capacity s
1 Two-speed Heat i
. Pump Equipment SR, ’
* Sizing Condition .

............. Dry Sizing

Condition

ASHP Decision Matrix and System Design Guide

ASHP Sizing Considerations for Heating and Cooling




What is

Manual S
really for?




General Design and Selection

Selection, in the form of Manual S (or alternative) involves applying the
results of heat and cool load sizing calcs to the selection of equipment
that will deliver the necessary heating and cooling, when and where it’s
wanted. Design and Selection needs to include existing conditions and the
application type under consideration. The following is a summary from NEEP:

Manual S: Summary

Manual S directs, for central air conditioners and heat pumps, that:

The selected equipment will satisfy the building’s total load requirements at design conditions
Manufacturer’s product data shows that latent loads are met

Total equipment capacity is b % an cooling requirements (for air
conditioners and heat pumps%ng requirements (for heat pumps in
heating dominated climates).

It allows stepping up to the next largest nominal piece of equipment, per the desired product line,
that is available to satisfy both the latent and sensible requirements.

N



Updated Manual S sizing guidance

Single speed AC 120%

Two Speed AC 125%

SSand TS HPs 120% 120%

Fuel fired furnace/boiler 140%

VCHP = Adv HP Dry Climate 150% 130%

Emergency/Back up ER 175% NA

The limit is in reference to design loads




NRCAN ASHP Sizing and Selection Guide

Table 3: Mapping Primary Cllent Objectives / ASHP Applications to the Sizing Options

Main Client Objectives  Goals

for the ASHP Installation

Client is primarily interested in cooling. The ASHP is
seen as an alternative for a new or existing A/C unit;
The backup f existing heating system is seen as the
primary heating source for most of the heating season.

Option 4A:
Emphasis
on
Cooling

Option 4B:
Balanced
Heating and
Cooling

Option 4C:

Emphasis
on
Heating

Option 4D:
Sized on
Design Heating
Load

Clhent is interested in both cooling and ASHP heating.
The backup/existing heating system is used primarily
during colder weather.

Client sees the ASHP primarily as a heating source. The
backup | existing heating system is used during the
coldest periods. Cooling performance is of secondary
interest to the client. A CC-ASHP is suggested.

Client is interested in an ASHP that is sized to provide

all or nearly all of the heating at design conditions with

little or no use of backup heating. Cooling performance
of secondary interest to the client. A CC-ASHP is

suggested.

CanmetENERGY

if i

AIR-SOURCE HEAT PUMP
SIZING AND SELECTION GUIDE

Procedure for Mechanical Designers and Renovation Confractors

ol
+

Heating Load
Cooling Load

OPTIONS ah and 4B _| | Peisn
Looling |
Target Capacity Range | ¥ (oad
4 oa)
sonaroci”

0 » s m o m

1 8 o1 0w M 100
| Outdoor Temperature (°F)

26



New Goal

« Somewhat simplified guidance of each of the following:

 Sizing for heating and cooling loads

Sizing for humidity and comfort

Considering house, homeowner, ducts, and control strategies

Considering additional humidity control

Based on climate zone and goals Does this sound good to you?

Stimulus Response

-Gl



Climate zones reimagined

Marine (C) Dry (B)

Moist (A)

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,
Southeast Fairbanks, Fairbanks N. Star,
Wade Hampton, Nome, Yukon-Koyukuk,
North Slope

Zone 1includes Hawaii,
Guam, Puerto Rico, and
the Virgin Islands

Warm-Humid
below white line

SAS/Graph |mitation & enhancement of Alexandr Trubetskoy's map (reddit user atrubetskoy)

It it takes six inches or more, you are in a cold climate!

| Amount of Snow Required to Close Schools

M 24" socm)+
M 12" 30cm)
M & ascm)
3 @em)
1" @5em)
B Any snow



Climate zones reimagined

COLD HOW DO YOU

PEOPLE LIVE
LIKE THIS?

%
< UNUSUALY
% U CooL

-

o IT'S 39°1 SHUT
s 4 h\\ EVERYTHING DOWN
h } WE'RE GONNA DIE!
4
-

¥

Ga0ng,
. ‘a
‘An3s

L p

CONTINENTAL UNITED STATES
REGIONAL WEATHER FORECAST

MOUNTAIN WEST

¥

Hover over the map to 20om in: Ny

copyrigh! © 2018 by Jeverny Posodos. PRO




Same house - same heat pump - 3 cities
The Weather Year Round Anywhere on Earth - Weather Spark

Demo House Fort Collins

Site ID: 16531

Area- 1,600 it
Climate: Fort Collins

Heating: 49,400 BTU/hr

Cooling: 24,808 BETU/hr
Latent. -2,688 BTU/hr

Average Hourly Temperature in Fort Collins

& Download History: 2024 2023 2022 2021 2020 2019 2018 2017 2016
12 AM

& Link
12 AM

Compare

comfortable

freezing

10 PM
8 PM
6 PM
4 PM
2 PM

12 PM

very cold

10 AM
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6 AM freezing freezing
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5

12 AM

Nov  Dec

Site ID: 24945

Area: 1,600 fi2
Climate: Leadville

Heating: 58,800 ETU/Mr

Cooling: 18,408 ETU/hr
Latent -3,980 ETU/Mr

& Link

12 AM
10 PM
8PM
6 PM
4PM
2PM
12 PM
10 AM
8AM
6 AM
4 AM
2AM
12 AM

Average Hourly Temperature in Aspen
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Site ID. 24946
Area 1,608 -
Climate. Pueblo AP

Heating: 47,386 ETU/MNr
Cooling: 26,880 ETU/M
Latent: -1,7060 ETU/Mr

Average Hourly Temperature in Pueblo

& Llink & Download Compare Hi
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|
L
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Example Fort Collins House

' Demo House Fort Collins
Site ID: 16531 Heating: 49,488 BTU/hr

SIZING TOOL Area: 1,600 i° Cocling: 24,800 BETU/r
Climate: Fort Collins Latent: -2,680 BT hr

Building @ Overrides @
Conditioned Floor Area | 1600 Floors Above Grade | 2 Oetayie Rough Eguly Oyenide Vaiqe
Cailing U-Value = 0.081 R-11) | [R28 I~ 0.034
Average Wall Height | 8.0 Bedrooms | 3
Floor U-Value | 0.363 (R-0.3)  |Defautt I~
Mote: Default insulation level below is meant to provide a starting point for the house bl e B0n | BN |-| il
override these default values. Please take care to override where neccessary. Basement Wall U-Value 0148 |Defau|l | v|
Default Insulation Level | 2x4 poorly insulated | > | BB veke, | FORE |Defaull | I |
— — Slab F-Val 1.180 Default -
Foundation Type | Conditioned Basement v ARl |Defau =]
Door U-Value 0.500
Duct Location | Custom (enter details below) v
Window U-Value 1.000 | -]
Custom Duct Location Window SHGC 0870 | | v|
Aftic % | 20 Duct Insulation R-4 |Defaull | - |
Unconditioned Basement or Crawl Space % | 0 Duct Leakage Average |T|ghl | - |
Conditioned Area % | 80 Winter Infiltration ACH 0.700
Direction Front Deor summer Infiltration ACH 0.400

(House Orlentation) West v

Year Bullt | 1950



NEEP Tool

NEEP'S COLD CLIMATE AIR SOQOURCE
Heat PUI I Ip I_ISt Search Products Consumer and Installer Resources About ASHP Initiative About NEEP

On 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 ASHF 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
READ TH | S] 11 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 Configuration Brand AHRI" or Model# & Refrigerant &
Cold Climate Heat Pump
Sizing Support Tools Central Air Conditioning Hea v All Ducting Configurations All Brands v AHRI, Model or Ur ~
ENERGY STAR Certified & Potential Eligibility for IRA Tax Heat Cap. 47°F Rated Btu/h* @ Heat Cap. 5°F Max Btu/h &
- Credit @
[JENERGY STAR V6.1 V] 80000 1] 80000
[JENERGY STAR V6.1 Cold Climate O North (2024) & e 2 £

[ South (2024)
() CEE Tier 1 Path A (2025)
O CEE Tier 1 Path B (2025)

SEARCH THE LIST

FEBRUARY 2024

Advanced Search - Sizing for Heating and Cooling




NEEP Tool Updates

» The Northeast Energy Efficiency
Partnership has made updates and added
features to the Advanced Sizing for
Heating and Cooling Tool in the ccASHP
Product List.

 Recorded webinar available!

* https://neep.org/event/using-neeps-
ccashp-sizing-tools-product-tutorial




Load x Hours

System Capacity, Heating and Cooling Load, and Weather Data Graph 7 =
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Visualization Chart Legend Definition/Importance

Annual Load x Hours (Btu/yr]) On the graph, there is a bar ehart in the background indicating the number of load
hours a home spends at each outdoor temperature range or "bin" For each bin, this is
the home's load (Btu/h) tmes the number of howrs this termperature occurs annually,
It is an indication of how much heating energy is needed each year at various outdoor
temperatures.

This can help users understand relative impacts of short eycling and backup heating for a
Cee °® given heat pump and home heating load. Generally, the more this bar chart is covered by
the modulating zone, the better the heat pump fits the heating load.




Turndown Ratio and Goldilocks Zone

Heating/Cooling Capacity Graph

SUk FrTT] - ]
2 . .
40k . .
B e - .
B e W
=2
Eoy
= 20k ) )
|_j
10% |
0 | | I I I
-13 : i i 82 |
Qutdoor Temperature (°F)
-@ Heating Max. Cap. -& Cooling Max. Cap. @ Heating Rated Cap. ot Rt o s
Cooling Min. Cap.

(e

Turn-down Ratio: In a two stage, multi-stage or variable capacity ASHP, this
is the ratio of maximum capacity to minimum capacity (e.g., 3.5:1). ASHPs
with higher turn-down ratios will operate without cycling for a greater
proportion of the heating season, increasing their seasonal efficiency.



Definitions for switch over temperature / balance point
The balance point is a TEMPERATURE at which switch over happens

e The outdoor temperature at which the heat pump can no
Thermal balance point longer produce the heat needed for the home.
» Also called Capacity Balance point.

e The outdoor or indoor temperature at which the cost to heat

: : the home with the HP is the same or more expensive than
Economic balance point | ¢ pack up heat cost.

« Relies on the primary and back up heat fuel cost.

e The outdoor temperature at which the homeowner

Comfort balance point experience discomfort when running the heat pump.
e Supply air temperature sensor is an alternative approach.

(e
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What do you need to consider when...
The heating load is 1.75x the cooling load

Always communicate when savings are possible with the selected equipment and designed
for control strategy

Five Options — Dual Fuel Scenario
1. Right size

1.  Size for cooling
2. Letthe Heat Pump work for 6 to 10 months of the year — 2 stage or variable capacity heat pump ideal

3. Switch to supplemental heat based on economics, carbon savings, or comfort

2. Pick a premium heat pump approach
1. Great low-load capacity and efficiency at 17°F, 47°F, and 82°F

2. Great turn down ratio at 47°F
3. Good turn down ratio at 5°F, 17°F, 82°F and 95°F

3. Consider pre-conditioning any intentional ventilation air
1. Or Weatherize and add an ERV or Humidifier

4. Pay attention to short cycling issues
1. Over 30% low-load short cycling for both heating and cooling is not ideal

5. Size to capture all cooling load with a 10% buffer
1. Minim.l%m cooling capacity at least 10% lower than cooling design load and at least below maximum cooling
capacity




4-ton Ailrquest Heat Pump - Centrally Ducted Unit

System Capacity, Heating and Cooling Load, and Weather Data Graph
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& Cooling Low-Load Cycling =8 Cooling Design Temperaiure @ Cooling Load Line (Btu/h} @ Annual Load x Hours (Btuwiyr)
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4-ton system

Heating load data

Product Sizing For Heating
View Oversizing Effects @

Ciafipition/l lss Cacac @

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

Definition/Use Cases @

Annual Btu's Covered by Supplemental Heat (MMBtu)
Hours Requiring Supplemental Heat

Percent Hours Requiring Supplemental Heat

Percent Annual Load Medulating

Percent Annual Load with Low-Load Cycling

Product Sizing For Cooling
View Oversizing Effects @
Definition/Use Cases @

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

Annual Cooling Load (MMBtu)

Definitions/Use Cases @

Percent Annual Cooling Load Served
Percent Annual Load Medulating

Percent Annual Load with Low-Load Cycling

Cooling load data

a7
50,700
204.4%

11.0

100.0%
29.9%

69.5%




4.5-ton Airquest Heat Pump - Centrally Ducted Unit

Capacity ( Btwh)

System Capacity, Heating and Cooling Load, and Weather Data Graph
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4.5-ton system

Heating load data

Product Sizing For Heating
View Oversizing Effects @

Dafinition /L lsa Cacac @

Capacity Balance Point (°F)

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

Annual Heating Load (MMEBtu)

Percent Annual Heating Load Served

Definition/Use Cases

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

37,817

=J
(51
(=]

!

Product Sizing For Cooling
View Oversizing Effects @
Definition/Use Cases @

Minimum Capacity Threshold (°F)

Maximum Capacity at Design Temp (Btu/h)
Percent Design Load Served

Annual Cooling Load (MMEBtu)
Definitions/Use Cases @

Percent Annual Cooling Load Served
Percent Annual Load Modulating

Percent Annual Load with Low-Load Cycling

Cooling load data




What do you need to consider when...
The heating load is 1.75x the cooling load

Always communicate when savings are possible with the selected equipment and
designed for control strategy

Four Options —ccHP doing ~95 to 100% heating load
1. All-Electric cold climate heat pump approach (Rated by ENERGY STAR/CEE1)

1. Size for heating and let the Heat Pump do 95 to 100% of the heating load — cold climate
variable capacity heat pump necessary
2. Look for awesome high capacity maintenance (over 85%)
3. Switch to supplemental heat based on capacity balance point
2. Weatherize building
1. Try to get heating to cooling load ratio below 1.5

2. Think through ventilation and humidification — an ERV or humidifier may be
warranted

3. Mix and match heat pump solutions use multiple heat pumps
1. Zone the house (potentially by floor) and install systems per zone

4. Pay attention to short cycling issues
1. Over 30% low-load short cycling for both heating and cooling is not ideal
2. Minimum cooling capacity lower than cooling design load




MIDEA

Central Air Conditioning Heat Pump (HP)
Singlezone Ducted, Compact Ducted
AHRI Cert £7: 215471421
Outdoor Unit Model #: MO1BU-H60B-2A
Indoor Model #7; MDHHS-HB80B-2A
Maximum Heating Capacity (Btu/h) @5°F: 40,000
Rated Heating Capacity (Btu/h) @47°F": 60,000
& Rated Cooling Capacity (Btu/h) @395°F: 58,000

Capacity Maintenance
40,000/60,000
66%

System Capacity, Heating and Cooling Load, and Weather Data Graph =
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Supplementsal Haat
-& Heating Max. Cap. -

Qutdoor Temperature (*F}

Modulating Heat Pump
@& Heating Min. Cap.

w8 Cooling Low-Load Cycling =8 Cooling Design Temperature

@ Hesting-Rated-Sap:
Cooling Min. Cap.

Product Sizing For Heating
View Owversizing Effects @

Capacity Balance Point (°F)

Maximum Capacity at Design Temp (Btu/h)
Percent Design Load Served

Annual Heating Load (MMBtu)

@ Annual Cooling Load x Hours {Btu/yr)

38244
77.4%

128.5

Percent Annual Heating Load Served

Product Sizing For Cooling
View Oversizing Effects @
Definition/Use Cases

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

Annual Cooling Load (MMBtu)

83
55769
265.2%

8.8

Potential Low-Load Cycling =8 Design Temperature
-#& Heating Load Line {Btu'h) Cooling Modulating Zone
«#@ Cooling Load Line (Biu/h) @ Annual Load x Hours (Btuyr)
& Cooling Max. Cap. - Soobrg-Fated-Gee
Tigh
Definition/Use Cases @
Annual Btu's Covered by Supplemental Heat (MMBtu) 10.3
Hours Requiring Supplemental Heat 274
Percent Hours Requiring Supplemental Heat 4.1%
Percent Annual Load Modulating 81.2%
Percent Annual Load with Low-Load Cycling 9.5%

Definitions/Use Cases @
Percent Annual Cooling Load Served 100.0%

Percent Annual Load Medulating




MIDEA MDH Series

Central Air Conditioning Heat Pump (HF)
Singlezone Ducted, Compact Ducted
AHRI Cert #7: 215471428
Cutdoor Unit Model #7: MOTHU-HEO0BE-2A
Indoor Model #: MDHHS-HE0B-2A
Maximum Heating Capacity (Btu/h) @5°F: 53,500
Rated Heating Capacity (Btu/h) @47°F": 60,000
# Rated Cooling Capacity (Btu/h) @95°F: 55,000

Capacity Maintenance
53,500/60,000
89%

Graph Information @

System Capacity, Heating and Cooling Load, and Weather Data Graph
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Supplemental Heat
@ Heating Max. Cap.
i Cooling Low-Load Cycling
‘@ Hestng-Feten-Gep
Coaoling Min. Cap.

Product Sizing For Heating
View Oversizing Effects @

Qutdoar Temperature (°F)

Modulating Heat Pump
-@& Heating Min. Cap.
=% Coaoling Design Temperaiure
@ Annual Cocling Load x Hours (Biulyr)

Capacity Balance Point (°F) 2
Minimum Capacity Threshold (°F) 47
Maximum Capacity at Design Temp (Btu/h) 51,744
Percent Design Load Served 104.7%

Annual Heating Load (MMBtu) 1285
I Percent Annual Heating Load Served 96.7% I

Product Sizing For Cooling
View Oversizing Effects @
Definition/Use Cases @

Minimum Capacity Threshold (°F)

Maximum Capacity at Design Temp (Btu/h)

Percent Design Load Served
Annual Cooling Load (MMBtu)

a3
62,769
253.1%
2.8

- Potential Low-Load Cycling
-@ Hesating Load Line (Btu'h)
‘@ Cooling Load Line (Btu/h)
@ Cooling Max. Cap.

=& Design Temperature

Cooling Modulating Zone
@ Annusl Load x Hours (Biwlyr)
& Sootno-Fated-Sanr

Definition/Use Cases @

Annual Btu's Covered by Supplemental Heat (MMBtu) 43
Hours Requiring Supplemental Heat 92
Percent Hours Requiring Supplemental Heat 1.4%

Percent Annual Load Medulatin 87.2%
I Percent Annual Load with Low-Load Cycling 8.2% I

Definitions/Use Cases @
Percent Annual Cooling Load Served

Percent Annual Load Medulating

Percent Annual Load with Low-Load Cycling

100.0%




Graph Information @

System Capacity, Heating and Cooling Load, and Weather Data Graph
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Supplemental Heat
-@ Heating Max. Cap. -# Heating Min. Cap.
wir Cooling Low-Load Cycling
il HestiegRates-Caps
Coaling Min. Cap.

Product Sizing For Heating
View Oversizing Effects @

Modulating Heat Pump

=8 Cooling Design Temperaiure
@ Annusl Cooling Losd x Hours {Btulyr)

-@ Heating Load Line (Biu'h)
@ Cooling Load Line (Btu/h)
@ Cooling Max. Cap.

Outdoor Temperature {*F)

Patential Low-Load Cyeling =8 Design Temperature

Cooling Modulating Zone

-l Cookng-Fated-San:

@ Annual Load = Hours (Biuiyr)

Definition/Use Cases Definition/Use Cases @

e s
Minimum Capacity Threshold (°F) 45 Hours Requiring Supplemental Heat 144
Maximum Capacity at Design Temp (Btu/h) 45,341 Percent Hours Requiring Supplemental Heat 2.1%
Percent Design Load Served 91.8% nnual in
Annual Heating Load (MMBtu) 128.5 Percent Annual Load with Low-Load Cycling 10.8%

IPomnt Annual Heating Load Served 95.3% I

Product Sizing For Cooling

View Oversizing Effects @

Definition/Use Cases @ Definitions/Use Cases @

Minimum Capacity Threshold (°F) 81 Percent Annual Cooling Load Served 100.0%
Maximum Capacity at Design Temp (Btu/h) 57,615

Percent Design Load Served 232.3%

Annual Cooling Load (MMBtu) 88

CANAIR

Central Air Conditioning Heat Pump (HF)
Multizone All Non-Ducted
AHRI Cert £7: 2154409733
Cutdoor Unit Model #7: 4C28MC648H21
Indoor Model £7;
Maximurmn Heating Capacity (Btu/h) @5°F: 47,000
Rated Heating Capacity (Btu/h) @47°F": 49,000
# Rated Cooling Capacity (Btu/h) @95°F: 47,000

Capacity Maintenance
47000/49,000
96%




Sensible vs Latent Heat and ““right sizing.”

Sensible Heat Ratio Sensible Heat Fraction

» Ratio of sensible vs latent heat loads ¢ This is the capability of the equipment

In the building you are selecting.
 Modern, high SEER2 heat pumps (and
[ Demo House Fort Collins ] ACs) have much higher sensible heat
Site ID: 16531 Heating: 49,400 &1 fractions when compared to older
Area: 1,600 ft Cooling: 24,800 | systems.
Climate: Fort Collins  Latent: -2,600 BTU/N e \When Latent load is negative or the

sensible heat ratio is over 100%, you
don’t need to worry specifically about the

 For this building, the latent load for SHE. but hi : :
D ; : gher is better in such a dry
CﬁOI'ng 'Sb'lz’gooizd"taop' This TO%aO/nS climate. It will be important as we will use
the sensible heat ratio Is over 0 the SHF in our capacity adjustments
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Fort Collins is at a high elevation —
5,003 ft, and Leaduville is even
higher 9,943 ft, — Capacities need to
be derated!

BUT — As a dry climate, you can
take half the “left over” latent
capacity and add it back to the
sensible capacity

Front Range is a dry climate — use
dry coil adjustment

You may not have to adjust if OEM
Instructions state that no adjustment
IS needed

Lennox does this

-« Mitsubishi does this

Considerations for Colorado

Altitude Adjustment Factors
Cooling Evaporator with Air-Cooled Condenser

Sensible

Altitude Total Capacity Capacity
(Feet) Wet-Coil | Dry-Coil | Wet-Coil | Dry-Coil
Sea
Level 1.00 1.00 1.00 1.00
1,000 0.99 0.98 0.97 0.98
2,000 0.98 0.97 0.94 0.97
3,000 0.98 0.95 0.91 0.95

| 4,000 0.97 0.94 0.88 0.94 |
5,000 0.96 0.92 0.85 0.92
6,000 0.95 0.90 0.82 0.90
7,000 0.94 0.89 0.80 0.89
8,000 0.94 0.87 0.77 0.87

| 9,000 0.93 0.86 0.74 0.86
10,000 | 0.92 0.84 0.71 0.84
11,000 | 0.91 0.82 0.68 0.82
12,000 | 0.90 0.81 0.65 0.81

1. Interpolation and extrapolation of values published by
the Carrier Corp (Engineering Guide for Altitude
Effects, 1967).

2. Use wet-coil values for sensible heat ratios (SHR) less
than 0.95
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Sensible Heat Fraction (CSHR, SHF, or S/T)

Sensible heat fraction or CSHR (capacity sensible heat ratio) is a cooling systems
sensible heat to total heat removal ratio.
Manufacturer data will show equipment sensible heat fraction as a decimal noted as S/T
and is found with a total capacity (TC)

This system was “Rated” as a 33,000 BTU cooling heat pump

TC 33166 | 33460 | 33755
S/T 0.99 1.00 1.00
Pl 3235 335 3.35 335

32,872 btu X 0.92 (altitude adjustment) X 0.86 = 26,008 btu sensible cooling capacity

(e .



Sensible cooling capacity adjustments

N2.3.5 Sensible Cooling Capacity Adjustment

After sizing for total capacity and qualifying latent
capacity, the designer shall be permitted to recalculate

TC 32872 | 33166 | 33460 | 33755
S/T 0.86 0.99 1.00 1.00

the sensible cooling capacity by adding half of the excess Pl 335 | 335 | 335 | 3%

latent capacity indicated by the OEM performance data

to the sensible cooling capacity. The adjusted sensible

cooling capacity shall be equal to or more than 90% of _ _

the sensible load (0.90 size factor). 32,872 btu X 0.92 (altitude adjustment) X 0.86
= 26,008 btu

What is the excess latent capacity? Adjustment: Add %z of the latent capacity back

32,872 x 0.86 = 28,270 26,008 btu
Excess latent capacity = + 2,301 btu
32,872 — 28,270 = 4,602 28,309 btu Adjusted Sensible Cooling

Half of that is 2,301



Efficiency considerations

Coefficient of Performance (COP) is
an instant efficiency rating at a specific
outdoor temperature.

Equipment tends to have highest
COPs when running somewhere
between its minimum capacity and
Its rated capacity when mild or
warm.

The temps listed in Extended
Performance Data that are important
to look at will differ based on your
climate zone

Performance Specs

Heating / Outdoor
Dry Bulb

Cooling

Cooling

Cooling

Heating

Heating

Heating

Heating

95°F

82°F

47°F

17°F

5°F

-13°F

Indoor Dry
Bulb

80°F

80°F

TO°F

TO°F

7O0°F

7O°F

Unit Min Rated”

Btush™ 14,600 55,000

W12 58
fcor 357 2.93

Btush™ 18,200

kW

COP 533

Btush™ 11,800 60,000

kW 078 475
fcor 443 3.7

Btush™ 11,100 40,000

kW 1.5 441

cop 217 2.66

Btu/h® 10,200 40,000

kW 145 5.3
fcor 206 2.2

Btu/h™ 6,200

kw137

CoP 133

Max
63,000

6.78

67,500
4,16
4,76
67,000
5.17
3.8
41,500
4,96
245

40,000

2.2
24,200
436

1.63
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Dan’s quick and dirty guidance!

Upper Heartland, Great
Leaks, Northeast

Lower Heartland, Mountain West
Appohzarka, Mid-Atlantic Great Plains

Size to: Cooling load* Balanced Balanced* Balanced*

SHF guidance At or lower than SHR At or lower than SHR Higher is better Higher is better
COP at Min to Rated COP at Min to Rated COP at Min to Rated COP at Min to Rated
Efficiency Guide capacity at 17°F, 47°F,  capacity at 5°F, 17°F, 47°F, || capacity at 5°F, 17°F, capacity at 17°F, 47°F,
82°F, 95°F 82°F 47°F, 82°F 82°F, 95°F
USEEEN Yes, for all-electric Possibly Yes, for all-electric Yes, for all-electric
recommended

Low-load Short Watch for heating and Watch for heating and

Cycling (LLSC) cooling LLSC cooling LLSC atch for cooling LLSC ~ Watch for cooling LLSC

HRV or ERV &

Ventilation air HRV or ERV ERV and/or Dehumidifier e
Humidifier

ERV or Humidifier

Turndown ratio
@ 47°F and 82°F

Dry Mode Maybe Maybe

*May go balanced if the homeowner is looking to decarbonize.
+May go cooling for dual fuel, may go heating if ccASHP for electrification

2+ 2.5+ 3+ 2.25+

No No
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Any questions so far?
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Sizing and Ducts




The Duct Assessment
Protocol

This processis going to
be tested in a Building
America Research
Projectthat CEE is
about to kick off with
our partners

Buildin ﬂ
AERICA
SE

[PROGCRIESS
GOAL | ) ‘
7 1| MEASURE P =
) pEEET S

ANALYSI

__- .‘ A $ \‘ W/MUATION
TR NN e

1.

N o o s

Homeowner interview (comfort, air delivery, IAQ,
bills, etc..)

Does the existing system have central AC?

Homer Simpson tests

Does warm air come out of the registers you’d expect in
heating mode?

Cool air in cooling mode?

Did you use a smoke puffer or TP to see if exhaust fans are
working?

TESP

Visual inspection of ducts

Register and duct accounting

Using TEC Smart Calculator or Manclark Table to
projectif a new system with specified airflow is
likely to work.
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60,000 btu 90% GAS FURNACE VS 3-TON AC
WHICH NEEDS MORE AIRFLOW?

THEN, WE'LL COMPARE TO A 2.5-TON HP




GAS FURNACE AIR FLOW

Natural Draft Furnaces

100 CFM per 10,000 BTU of rated BTU input

Induced Draft Furnaces

130 CFM per 10,000 BTU of rated BTU input

Condensing Furnaces

150 CFM per 10,000 BTU of rated BTU input

A 60,000 BTU/hr. condensing gas
furnace would need:

150 X 6 (60,000/10000) = 900
cfm

Note the higher the efficiency, the more
airflow it needs.




Alr Conditioner Air Flow

Single and Two speed ACs | 400 CFMiton|

=400 - 450 CFM per Ton

Variable Capacity Heat Pumps
=325 — 450 CFM per Ton

HHSTEC

NOTE: Rule of Thumb ALERT

A 36,000 BTU/hr. AC would need:
=450 X 3 tons = 1350 cfm

\l/




Variable Capacity Heat Pump Air Flow

Single and Two speed ACs Furnace needs 900 CFM

-400 - 450 CFM per Ton AC needs 1350 CEM

VCHP needs ~1125 CFM
Variable Capacity Heat Pumps

.325 — 450 CEM per Ton In THIS CASE, will a heat

pump fit with the ductwork?

A 30,000 BTU/hr. VCHP would need:
=450 X 2.5 tons = —1125 cfm
=450 x 3 tons = 1350 cfm Bonus 3-ton math




60 kbtu 90% GAS FURNACE and 2-TON AC
Sizing a Heat Pump for Heating First

VCHP is 3-Ton

60 kbtu Gas furnace needs 900 CFM

2-Ton AC needs 900 CFM

3-Ton VCHP with worst case air flow needs
1350 CFM




Options for Sizing to Ductwork

Measured Approach Visually Assessed Approach
 Calculate needed airflow based on » Look up total airflow needed for
sSize future system
« TESP and Airflow measurements * Inspect ducts and account for likely
with existing equipment airflow to each room and whole
- Forecast future TESP and Airflow house
with new system « Identify any “bad actors” in the duct
- Build duct alterations into bid if System
necessary » Prescriptively improve filter slot,
size, and type
Cee .® For homes with comfort or IAQ issues or intend to use no backup heat at

all, do both. If home fails visually assessed approach, do both!
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Register Accounting and Visual
Assessment

cee*
Center for Energy and Environment




"Homer Simpson test"” - Does warm air come out when calls for

heating? Does cool air come out when calls for air conditioning?

Images courtesy Wikimedia Commons 63



Example 1324 SQFT home:

70'-6"




Count the registers

e 12 Total Supply Registers
» 3 Counter Toe Kicks under sinks
* 96x10 registers
* Are all registers open?
* 6” hard pipe to each supply

* 1 or 2return grilles (depending on
age of homel!!)

* Filter grille or open return?

e Common Duct Sizing

 6” Flex or Hard Pipe (10 cfm less for
flex)

e 16 x 24 Return




FIELD DUCT SIZING CHART

ROUND DUCT SIZE ESTIMATE

Flexible Duct Round Metal Pipe
Duct Size Design Airflow Duct Size Design Airflow
o 50 " 50
6" 75 85
i 110 i 125
8" 160 8" 180
9" 225 9" 240
10" 300 10" 325
12" 480 2" 525
14" 700 14" 750
16" 1000 16" 1200
18" 1300 18" 1500
20" 1700 20" 2000

Flex duct = .05" on most metal duct calculator Round metal pipe = 06" on most metal duct calculators

RECTANGULAR DUCT SIZE ESTIMATE
Design Duct Height - Net inside dimension in inches

CFM 6" 8" 10"

120 4x10
90 8x4 110 6x6 160 6x8 215 6x10 270 6x12
120 10x4 160 8x6 230 8x8 310 8x10 400 8x12
150 12x4 215 10x6 310 10x8 430 10x10 550 10x12
180 14x4 270 12x6 400 12x8 550 12x10 680 12x12
210 16x4 320 14x6 490 14x8 670 14x10 800 14x12
240 18x4 375 16x6 580 16x8 800 16x10 950 16x12
270 20x4 430 18x6 670 18x8 930 18x10 | 1100 | 18x12
300 22x4 490 20x6 750 20x8 1060 | 20x10 | 1250 | 20x12
330 24x4 540 22x6 840 22x8 1200 | 22x10 | 1400 | 22x12
600 24x6 930 24x8 1320 | 24x10 | 1600 | 24x12
650 26x6 1020 26x8 1430 | 26x10 | 1750 | 26x12
710 28x6 1100 28x8 1550 | 28x10 | 1950 | 28x12
775 30x6 1200 30x8 1670 | 30x10 | 2150 | 30x12

40  |21/2 x10 1300 32x8 1800 | 32x10 | 2300 [ 32x12
70  |21/2 x14 1400 34x8 1930 | 34x10 | 2450 | 34x12
150 |21/2 x30 1500 36x8 2060 | 36x10 | 2600 | 36x12
100 |31/2x14 2200 | 38x10 | 2750 [ 38x12
220 |31/2x30 2350 | 40x10 | 2900 | 40x12

Rectangular sheet metal duct = 07" on most metal duct calculators 3050 | 42x12




Size the return grille(s) NOTE: Rule of Thumb ALERT ﬂ

N o
AL

T

SYSTEM CFM 600 700 | 800 | 500 10001100 1200|1300 14001500 1600 | 1700

Gross Area
Return Size 300 350 | 400 | 450 | 500 | 550 | 600 650 | 700 | 750 | 200 | 850
{5g. Inches)

A GENERAL RULE: 2 cfm per sq. inch

Examples:
3 tons: 1200 CFM/2 = 600 sqg inches
2 tons: 800 CFM/2 = 400 sq inches

Image courtesy Bruce Manclark 67




So, If that’s the case...

12 runs of 6” (not considering surface of

registers)
* 900 CFM capability for flex Going from 800 1
. omng irom O
1020 CFM for hard pipe 135% CEM flow,
does the
1 return duct size 16 x 24 accounting look
e 384 sqg inches like these ducts
» 768 CFM capability would work?




CAN THE EXISTING DUCT SYSTEM HANDLE THE
AIRFLOW?

Summary

Check existing airflow needs and/or TESP FIRST -
it may be a moot point!

Include register accounting as one method to
check for appropriate duct sizes

Duct modifications may have to be made, or
equipment size adjusted

If including a new filter rack? GO WITH 4” FILTER
BOX

Measure existing airflow, is it close?

Remember variable speed will seldom be on the maximum
fan flow
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Any final questions?

~



Static Resources

Consortium for Energy Efficiency ASHP QI Resources

Guides developed and available

Contractor facing:

System design with existing heating
Weatherization for contractors

Duct retrofit decision guide

Controls for HP with secondary heating
ASHP decision matrix and system design
Sizing Considerations for Heating and
Cooling

Homeowner facing:

Weatherization for homeowners

You installed an ASHP, now what

Controls for HP with secondary heating for
homeowners

Homeowner Decision Matrix and System
Design Guide

WITH SECONDARY HE}
CE

(%) WHAT ARE TWO-SYSTEM CC
\*/ Do THEY woRrk?

/AN
[9]? i J CONTROLS FOR A HEAT ,//



Read and Bookmark This!

Office of

ENERGY EFFICIENCY & Building America Solution Center
RENEWABLE ENERGY

PROGRAMS & GUIDES ~

EERE » BTO » Building America » Solution Center Home » Guides A-Z » Cold Climate Heat Pump Sizing and Selection

Cold Climate Heat Pump Sizing and Selection

Scope Description Success Climate Training Compliance More

Scope

Size and select a cold climate heat pump:

© Understand the goals of the homeowner.

© Determine a sizing approach based on those goals.

© Choose a system configuration.

o Perform heating and cooling load calculations using ACCA Manual J.

o Determine target heating and cooling capacities using ACCA Manual S (3rd edition) and/or other methods.

o Select a cold climate heat pump that meets heating capacity goals without excessive cycling in heating or cooling.

See the Compliance Tab for links to related codes and standards and voluntary federal energy-efficiency program requirements.

72 Last Updated: 2024-05-14

RESOURCES ~

Help User~

B Print

A properly sized cold climate heat purmp

can meet 100% of a home’s heating load in

nearly any location in the United States

PUBLICATIONS & RESEARCH ~
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THANK YOU

<] dwildenhaus@mncee.org
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