


LOW LOAD HOMES AND EQUIPMENT

SELECTION

SINGLE STAGE

VS

2 STAGE

VS

FULL MODULATION

What's the difference???



Two-storey,
detached

Single-storey,
detached

Two-storey stacked
back-to-back town
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Description:

e 1,600 sf on 3 floors plus
basement

¢ Front facing E (highest cooling)

o Enerqy Star certified
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Description: Description:

e 1,400 sf on 2 floors plus
basement

o Front facing W (highest cooling)

e Energy Star certified
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e 1,300 sf bungalow plus
basement

« Front facing NW (hig

o Energy Star certfied

Design Loads: (for mid uni)

Design Loads:

Design Loads:

Greater Toronto Area, ON
DHL: 15,786 Bw/h
DHG: 19,192 Btu'h

Greater Toronto Area, ON
DHL: 16,547 Btu'h
DHG: 18,556 Btu/h

Greater Toronto
DHL: 20,335 Btuh
DHG: 19,354 Btu/h

Ottawa, ON
DHL: 17,721 Bwwh

Ottawa, ON
DHL: 18,573 Btuth

Ottawa, ON
DHL: 22,862 Bluwh

used with builder's permission
ription:
00 sf on 2 floors
nt facing SW (nighest cooling);
ts A & B share an entrance
rgy Star certified

901 Btuh
: 13,850 Btuh
wa, ON

DHL: 7,984 Btulh

RIS = 1'h

DHL: 22 879 Btuh

MIIRS A =i

Calgary, AB Calgary, AB Calgary, AB Calgary, AB
DHL: 19,817 Bwh DHL: 20,738 Btu'h DHL: 25,601 DHL: 8,775 Btulh
DHG: 18,118 Btu/h DHG: 17,375 Biu/h DHG: 18,851 Btu/h DHG: 14,468 Btu/h
Saskatoon, SK Saskatoon, SK Saskatoon, SK Saskatoon, SK
DHL: 21,991 Bwh DHL: 28,249 Btw‘n DHL: 9779 Btulh
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Heating System Hourly Runtime (minutes per hour)

Fiqure 21:

A STUDY IN EQUIPMENT SELECTION FOR LOW LOAD HOMES

Heating System Runtime Duration Curves for
Different Sizes of Single-stage Equipment
- 120% of F280 (18.0 kBtuh); STEP 49, Option A
e {TO% of F280 (27.0 KBtuh); STEP 10, Option B

:

s 250 of F280 (40.0 KBtwh); STEP 19, Option C

20% &% 0% 30% 100%
% of Heating System Operating Hours at a Given Hourly Runtime

Runtime Duration Curves for Single-Stage Equipment
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Heating System Hourly Runtime (minutes per hour)
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A STUDY IN EQUIPMENT SELECTION FOR LOW LOAD HOMES

Heating System Runtime Duration Curves for
Different Sizes of Two-stage Equipment

| e 120% of F280 (11.449.0 kBtufbl: STEP 10, Opticn A
—— 179% of F280 {16.2:27.9 kBtulh: STEP 10, Option B
e 250% of F280 (24.0/80.0 kBtuibi: STEP 10, Opticn €
~ — Single-Stage Reference (19.0 kBtuh); STEP 10, Option A

0% 20% W 00% B 100%

% of Heating System Operating Hours at a Given Hourly Runtime

Figure 22: Runtime Duration Curves for Two-Stage Equipment



SINGLE
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MODULATI
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A STUDY IN EQUIPMENT SELECTION FOR LOW LOAD HOMES

Table 8: Median and Coldest-day Hourly Runtimes for Single-Stage

A-size B-size C-size
Parameter (120% of F280) (170% of F280) (250% of F280)
Median Runtimes 17 minutes per hour 12 minutes per hour 8 minutes per hour
Coldest 5% ON-times 39 minutes per hour 27 minutes per hour 18 minutes per hour
Coldest 5% OFF-times 21 minutes per hour 33 minutes per hours 42 minutes per hour

Table 9: Median and Coldest-day Hourly Runtimes for Two-Stage

A-size B-size C-size
Parameter (120% of F280) (170% of F280) (250% of F280)
Median Runtimes 29 minutes per hour 20 minutes per hour 13 minutes per hour
Coldest 5% ON-times 54 minutes per hour 45 minutes per hour 31 minutes per hour
Coldest 5% OFF-times 6 minutes per hour 15 minutes per hours 29 minutes per hour

Table 10: Median and Coldest-day Hourly Runtimes for Modulating Heating Systems

A-size B-size C-size
Parameter (120% of F280) (170% of F280) (250% of F280)
Median Runtimes 39 minutes per hour 30 minutes per hour 20 minutes per hour
Coldest 5% ON-times 57 minutes per hour 53 minutes per hour 46 minutes per hour
Coldest 5% OFF-times 3 minutes per hour 7 minutes per hours 14 minutes per hour




Preferred AC choices

e Qutdoor condenser
matched to indoor coill

e SEER ratings of 14+

e High efficiency blower
motors - ECM

e [wo - stage cooling

e Dehumidification cycles
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e |nverter for simple
connection to solar



New Realities in HVAC Design &

Performance

High Performance homes need more efficient motors!

» Capable of meeting small loads, part loads and full loads!
* Use 1/5 of original PSC motor types.

* Run efficiently at a variety of speeds (Modulation)
 Equipment lasts longer

* Enables balanced temperatures throughout home

* Enhances Ventilation “Effectiveness”




ECM Product Features: Efficiency
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ECM Product Features: Constant Airflow

Too much airﬂow>
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What about Heat Pumps?

® |s it the first thing to do?
e Reliance on electric grid

e Can do Ground, Water or Air

e High Performance homes help
reduce capital cost




Energy Efficiency

* Heat pumps are hard to
overlook
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as gas vs electric. oy




HVAC NET ZERO HOME LESSONS LEARNEE
EQUIPMENT

Enables “smart” use of
Electrical or Gas

Balance point can be
either Operational OR
EFconomic

Provides resilience




HVAC NET ZERO LESSONS LEARNED:
Low loads change the game.
Low ambient heat pump study
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Manufacturer EnerGuide Test Season
ASHP
Seasonal Energy Efficiency Ratio (SEER) 16 >=14 18 Cooling
Coefficient of Performance (COP) 2.75 2.05 3.23 Heating
GSHP
Seasonal Energy Efficiency Ratio (SEER) 12.9 >=14.1 19.7 Cooling
Coefficient of Performance (COP) 3.0 >=3.3 3.44 Heating




Select Heat Pumps for both Cooling & Heating Capacity

MUZ-HM24NA2

MUZ-HM24NA2
22,500 (5,800 ~ 22,500

Em_ 26,000 (5.400 ~ 26,000

Coongel W | 2575 @is~2575)

Heating 47 w1 2,445 (265 ~ 2,445)
Heating 17 %2 2,245 (2,245)

EER 1 [seerq #3 _ [Cooing 8.6 [18.0]
HSPF IV %4 Heating 8.5
Inc %
r Cooling (208230 99,99

Heating(208/230) |% |  99/99




New Low Temperature Heat Pumps can be very effective
- when properly sized and selected

18,000 12.50 18.0 22000 13,900 3.44
18,000 12.10 16.0 22000 13900 352 9.0

18,000 12.30 17.0 22000 13900 348 9.2
18,000 12.50 18.0 22000 13,900 367 9.0
22,000 12.50 18.0 24000 14,100  4.04 9.5
22,000 10.60 15.5 24000 14,100  3.42 9.0
22,000 11.55 16.8 24000 14,100 374 9.3
35,200 8.80 16.0 36,400 22,000 356 94
33,800 8.10 14.5 36400 21,200  3.08 8.7
34,400 8.45 15.3 36,400 21600  3.32 9.1




Select Heat Pump Capacity based on Outside Temperature

Outdoor Temp (°FWB Capacity (Btu/h) COP
60 45,980 3.5
55 41,040 3.3
50 39.710 3.3

38,608
38,000
38,000
38,000
38,000
38,000
38,000

29,640 6,202
27,360 6,234
25,080 6,266
22,800 6,299
20,520 6,331

* Above numbers are approximated



Example of a different strategy
- Ductless opportunities

* Provides zoning

* (Can target specific high load areas




Mini-Split Systems - with Low Temp. capabilities

* In very high performance homes, it could provide
all heating & cooling needs




3) Design the
ducts correctly
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ACCA Duct Design




Manual D provides a duct sizing schedule to
deliver the air to the space intended




Manual D provides a duct sizing schedule to
}j@liver the air to the space intended

Design Hig Clg [Design | Diam Rect Duct| Actual Fia.Eqv
Name (Btuh) (cfm) (cfm) FR (in) Size (in})| Matl Ln (ft) Ln ()

Opt Baoroom
Opt Baoroom-A
Great Room
Master Bedroom-A
Master Bedroom
Masler Bath
Bath

Bedroom 2
Stairs/Hall Up
Bedroom 3

wiC

Dining Room
Living Room
Opt Baoroom 2
Powder
Foyer'Stairs

Opt Bath

Opt Rec Room
Kllchen

Op: Rec Room-A
Laundry

830\ 46| 50 | 0429

830[\ 46| 50 | 0205
2205[| 121|144 | 0242
679\ 72| 701 | 0.092
w79 | 72| 101 | 04123
2000 | &1 50 | 0.134

531 16| 13 | 0.102
1854 | 93| 111 | 0.087

1323 41 35 0.085
1977 88 119 0.094
392 12 9 0.138
891 45 54 0.130
3264 100 94 0.102
2271 70 63 0.098
641 20 19 0.102
890 53 53 0.054
330 10 1 0.129
1945 60 32 0.143
2345 72 40 0.293
1945 60 32 0.128
136 42 29 0.103

0x0 ShMt 19.8 60.0
0x0 Sht 27.3 140.0
0x0 ShMt 21.8 120.0
0x0C SHVE B0.6 3100
0x0 ShMt 205 250.0
0x0 Sht 354 220.0
0x0 Sht 32.6 305.0
0x0 Sht 746 320.0

0xC  [ShMt 40.9 360.0
0xC  [ShMt 50.3 315.0
0xC  [Shmt 28.3 220.0
0xC  [ShMt 17.9 245.0
0x0  [Shmt 55.6 230.0
0xC  [Shmt 55.8 295.0
0xC  [ShMt 36.1 3000
0xC  [Shmt 428 365.0
0xC  [Shmt 30.3 2350
0xC  [ShMt 9.6 230.0
0xC  [Shmt 7.0 110.0
0xC  [ShMt 23.7 245.0
0xC  [Shmt 32.2 3000

OO T T TTO OO TO0OIDT OO0 0O, o0
bbb bbb B OO NG aya b
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Example- Duct Design for Bedroom #3

Design | Design | Design | Dia.
BTU CFM | Friction
1700 31 0.1 L

1366 49 0.1 5"

BEDROOM 3

X

ST-110”x10”
ENN !

The air required is calculated by the formula: v

CFM = BTU/hr
1.1 x Temp. rise across furnace




Heat & Air Distribution

BTU/hr Carrying Capacity

Duct | Airflow 25 OF 45 OF 55 OF
size | CFM Cooling Heating Heating

4” 30-40 300 -1100 1485 -1980 1815 - 2420

5” 50-60 | 1300 -1650 2375 - 3960 3025 - 3630

6”7 | 90-110 | 2475 -3025 4435 - 5445 5445 - 6710




ZERH = LOW LOAD HOMES
DISTRIBUTION SIZING AND SELECTION
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Distribution Systems

e HVVAC contractor must use the heat loss/gain
calculations to properly size duct work

e |t |s critical to consider the entire system and process.
e | ayout & location of distribution system

e Materials used - flexible duct or sheet metal, insulated or non-
iINsulated

e |mpact on pressurization of rooms or spaces

e Effective occupant comfort control




HVAC by Design
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Tréditional

*Properly size system

*Optimize duct layout
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Ducts & equipment
iIn conditioned
space

A closet & droppead
celling

Use direct vent
equipment
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Swarmer In winter
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Conditioned attics are an option

It can raise the
value of a home




Place the ducts in conditioned
space

A dropped celling In the

LV
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Ducts are now properly |
- Insulated and any duct

eak?g%{' O the interior

’,




Properly sized and located grilles “throw”
alr to the perimeter windows and walls
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Layout your floors to accommodate duct
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Buried Ducts are an Option
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Seal Ducts




Sealing Ducts Matters!!!

e Getting air where you need it

¢ Allowing balancing & seasonal
adjustment to work

e Empowers zoning to work




Low Load Homes sufter from lack of air

flow-THROW and MIXING!

)

(Not lack of Returns
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HEATING

350 FPM
S=SUPPLY R=RETURN

FLOOR REGISTERS AT PERIMETER




COOLING

350 FPM
S=SUPPLY R=RETURN

FLOOR REGISTERZ AT FPERIMETER




Choose Proper Diffusers with Velocity and “Throw” in Mind

£
HEATING COOLING
230 FPM 550 FPM
STAGNANT 1S ONLY IN
S=SUPPLY R=RETURN THIS AREA DUE TO S=SUPPLY R=RETURN

COANDA EFFECT OF AIR

HIGH WALL SUPPLY WS HIGH WALL SUPPLY




Zoning Is becoming (almost) a requirement In

some low load home designs

e Matching seasonal load adjustments

e Example — basements

e Accurate delivery of part loads in 3
story higher density townhome
designs

e Making best use of equipment
capacity

e Efficiency and cost savings? Cooling
= 20% savings - +




Ducted Returns
will become
expected

¢ A good choice is to hard duct returns...strategically to
a centralized location







Return Air Paths

1

Supply

® @

Bedroom

o
Air handling |
unit I I \
1) 3
Return Supply
Hall Bedroom
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e Grile locabed high in
wallonbedmomaib?
o avoid blockage
fumshre

o

Cawvity is sealed yght,
crywall glued % studs and
plates on both sdas

T Grile located low in
wall on halway sda

10-inch dia.
flex duct (typ.)

Ceiling
grille grille

<« Wall cavity




A single return requires
transter grilles to provide
a return path, and avoid
pressurizing bedrooms

Note: not an IECC requirement








