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This research is supported by the U.S. Department of Energy's Building America program. Building America has been a source of innovations in residential building energy performance, durability, quality, affordability, and comfort for over 20 years. This world-class research program partners with industry to bring cutting-edge innovations and resources to market.
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Introduction
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• Tighter construction = less natural ventilation.
– Whole-house mech. vent. more important

• Better insulation and windows decreases cooling.
• Results in more difficulty managing moisture.
• Potential Issues- comfort, building damage, 

health 

Presenter
Presentation Notes
New homes are more likely to experience higher humidity and moisture issues during warm moist weather.
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Introduction
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• Variable Capacity (VC) heat pumps vary output of 
heat/cool.
– Variable outdoor compressor speed and refrigerant
– Variable indoor fan flow
– Quiet
– Long runtime
– Energy efficient
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Ductless Mini-split Heat Pump 
Shown with a Dehumidifer

Presenter
Presentation Notes
Rated 1-1/4 ton cool cap. SEER 21.5. Cool Range 3100- 18400 Btu/h.
Capacity nearly 70% of design cool load.
House load greater than lowest stated cooling capacity of 3100 btuh when outdoor dewpoint >=60F.  
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wetting

Effective Moisture Control Requires a Balance 
Between Wetting and Drying Processes
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drying
Internal 
12-20 pints/day
cooking
bathing
people

External 
(Summer)
Mech. Vent. (48 
pints)
Infiltration (17 
pints)

About 9.6 – 10.6 gallons (36.3-40.1 liters) of water 
needs to be removed from air each summer day.

Presenter
Presentation Notes
Illustration and calculation by C. Withers, FSEC.
If no cooling load, then AC does not remove moisture and indoor RH goes up.
Dehumidifiers remove relatively little water and add heat to space effectively lowering RH- ENERGY INTENSIVE

Daily range of moisture load = 77-85 pints= 9.6-10.6 gallons= 36.3 liters- 40.1 liters.
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House Lab and Residential Field Study
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Presenter
Presentation Notes
BA study in these homes occurred from about January 2016-July 2017.
Field homes were Habitat for Humanity; built to Energy Star for Homes performance level (HERS Index of 48 to 51).
SE Volusia homes about 1075 ft2 2 bed 2 bath frame construction 2.7 ACH50; ductless VC 2 head multi-split  SEER22, HSPF 10.5 (Panasonic). Target ASHRAE 62.2-2010 rate 33 cfm.

S Sarasota (3) homes 1290 ft2, 3 bed 2 bath; Masonry block const., 3.0 ACH50 avg.; central ducted VC MSHP. SEER 15.5, HSPF 10. Target ASHRAE 62.2-2010 rate 43 cfm.
FSEC lab home 1600 ft2, 3 bed 2 bath, manuf. house, 5 ACH50, SDHV central ducted. Unoccupied- auto int. loads. Target ASHRAE 62.2-2013 rate 57 cfm.
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Warmer Weather Results in More 
Moisture Removed From Indoors
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Presenter
Presentation Notes
Unico iSeries data. Plot used in “BAPIRC_LowLoad_DraftReport.docx” DRAFT Final report to DOE July 18, 2017.
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Colder Supply Temperature 
Results in Lower Indoor RH
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Presenter
Presentation Notes
MSHP Figure 26 from final NREL report; 15 min. data shown, data during Sept.4-11. 
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Thermal Control
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Average hourly temperature difference between SEV1 bedrooms and the main body 

Thermal distribution was acceptable from all tested VC systems.
dT>3F Only 1.4%  of time for 11 bedrooms in 4 homes (prefer indoor about 76F). 

Presenter
Presentation Notes
Thermal control based upon ACCA Manual RS ; sets a limit of bedroom- thermostat set point to be no more than +/- 3 deg.F.
dT>3F 4.1% of hrs for  all 13 field study bedrooms (incl. SEV2 which preferred warmer bedroom).
Figure 3-13 from BAPIRC LowLoad DraftFinal report July 18, 2017.
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House Lab Space Conditioning Energy
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Fixed Capacity 
SEER13 Ducted

VC Ductless Mini-split SEER 21.5

VC SEER22 
Ducted

Presenter
Presentation Notes
Energy use of SEER14 standard cool mode as expected, dry mode more than expected at low out Temps.; Firmware upgraded to improve this and reduce overcooling (lower end of blue line).

Ductless SEER 21.5 MSHP lowest energy during typical summer weather, but poorest RH control. (2014-2015 testing)
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Potential Daily Cooling Energy Savings 
from Fixed Capacity to Variable Capacity

(Central Ducted Systems)
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Lab Test Configuration SEER 13 FC
kWh/day

SEER 14 VC
kWh/day

(%)

SEER 22 
VC

kWh/day
(%)

OA Near Central Return; Dehumidifier 
Enabled @ 60% RH 24.4 22.4 19.2

Savings Relative to SEER 13 ---
2.0 

(8.2%)
5.2 

(21.3%)

Savings Relative to SEER 14 --- ---
3.2 

(14.3%)
Daily Space Conditioning Energy for a Typical Summer Day with dT = 5°F 

Presenter
Presentation Notes
Includes Dehumidifier Energy Set at 60% RH setpoint;
Important to note that lower DH settings will dramatically increase annual DH energy and even exceed cooling energy at about 40% RH setpt. based on simulation and limited testing.
This means that a home with a lower SEER system with excellent dehumidification performance may use less annual space conditioning energy (cool+heat+dh) than a home with higher SEER, poorer dehumid perf. and much more DH energy.
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Predicted Annual Cooling Energy, Peak 
Cooling Power, Use and Savings

(Savings Relative to Ducted FC SEER 13) 

Test Case
Annual 

kWh
(Mbtu)

Annual Savings 
kWh/yr

(Mbtu), %

Peak kW
(kBtu/h)

Peak Reduction kW 
(kBtu/h), %

1 Ducted Fixed Cap. 
SEER 13; DH

4820
(16.45) --- 2.04

(6.97) ---

2 Ducted Variable Cap. 
SEER 22; DH

3743
(12.77)

1078
(3.68) 22.4%

1.56
(5.33)

0.48
(1.64) 23.5%

3 Ductless MSHP 
SEER 21.5; no DH

3224
(1.10)

1596 
(5.45) 33.1%

1.49
(5.09)

0.55 
(1.88) 27.0%

Presenter
Presentation Notes
Least-squares regression analysis used with daily total cool energy+DH energy vs daily avg. delta T (out-in). Best-fit equations used with TMY3 Daytona FL data to predict total annual cooling.

C. Withers. 2016. “Measured Space-Conditioning Energy and Indoor RH in a Mechanically-Ventilated Lab Home with Fixed and Variable-Capacity Cooling Systems Located in a Hot and Humid Climate” ASHRAE IAQ 2016 Conference. 

$ savings test 3 $176/yr @$0.11/kWh; $ savings test 2 $119/yr.
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House Lab RH Control
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Presenter
Presentation Notes
RH well controlled below 60% all hours in bedrooms and living room. Utility room exceeds this due to mech. vent. Dry mode improved RH control due to more operation overnight hours.
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Field Study RH Control
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• RH maintained low 
enough to  avoid high 
potential for health or 
durability issues.

• No reported comfort 
complaints from 
occupants.

• High frequency in hourly average RH >60%.
• Assoc. with overnight and seasonal low-load periods
• -with elevated supply air temp. (high SHR during low-load)

Average hourly RH and monthly average temperature in SS2

Presenter
Presentation Notes
Figure 3-39. Average hourly RH and monthly average temperature in SS2.
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Conclusion

• Field studies indicate VC not controlling RH <70% 
well-enough during low-load periods in mech. vent. 
homes. RH >70% control OK.

• Lab study of SDHV VC system shows VC can manage 
RH well and may be able to maintain all hours below 
50% RH with improved DRY cool mode.

• VC provided good thermal distribution.
• VC cooling savings range from 8% to 33% compared 

to Fixed Cap (VC SEER 14 lowest and VC MSHP SEER 21.5 ductless highest).

20

Presenter
Presentation Notes

Photo C. Withers, at St. Johns River Boat Ramp Titusville , FL
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Conclusion

• Mechanical Ventilation Rates 
• Internal Moisture Generation 
• Cooling SHR of Air Conditioning
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Variability of indoor RH levels primarily from 
variability of:

Presenter
Presentation Notes
Mechanical ventilation brings in a lot of moisture that must be removed from air during cooling season.
Internal moisture loads can be highly variable home to home, but can also be very high.

Photo C. Withers, Lake Michigan, Holland, MI 2017
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Summary
VC Great Potential and Needs Improved

• Need improved algorithms & control 
architecture to improve Dry modes.
– Need to maintain colder coil during low load 

and decrease SHR.
– Need to utilize lowest capacity over longer 

periods during low load.
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Summary
VC Great Potential and Needs Improved

• Cooling should prioritize efficiency over RH 
control in STANDARD mode.

• Prioritize RH control over efficiency in DRY
mode.

• Use RH sensor to intelligently move back 
into high efficiency when RH low enough.
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Thank You

Chuck Withers
chuck@fsec.ucf.edu

Search publications at:
www.fsec.ucf.edu
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Photo C. Withers, at St. Johns River Boat Ramp Titusville , FL
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