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What is Supplemental Dehumidification?

Moisture removal, supplemental to the cooling
system, when there is no need for cooling.
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When is it needed?

= Mostly when the house is floating between cooling
and heating setpoints

= Spring/Fall swing seasons and summer shoulder
months

= Some winter conditions in hot-humid climates

= Some summer nights and rainy periods in hot-
humid climates and coastal warm-humid climates
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What is a good metric for determining the need?

Hours above 60% relative humidity
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1449-RP Conventional Cooling System
Totall Total|
Hours| AC| AC| Htg| AHU Fan| Exh Fan| Electric] Costs w|
Above| Runtime| ~ ACEER| Energy| Energy| Energy| Energy| wio HT| Furnace|
60% RH (hrs)|  (Btu/Wh)| (KWh) (kWh)| (KWh)| (kWh)| (KWh)| ($))
HERS 50 101 266 69 633 140 | 2211[s %5
HERS 70 7 491 615 673 354
Orlando HERS 85 1,12 039
HERS 100 1,64 860
HERS 130 1,361 127
HERS 50
Miami
HERS 130 I
HERS 50 4
3
Houston HERS 85 3
HERS 100 628] 1966 0
HERS 130 942 2,170 4
HERS 50 A 054 1
HERS 70 1! 604 7
Atlanta HERS 85 2 703 6
HERS 100 29° 338 2
HERS 130 426 726 7
HERS 50 - 1184 0
HERS 70 - 641 7
Nashville HERS 85 - 705 6
HERS 100 4 555 4
HERS 130 119 658 6
HERS 50 - A57 il
HERS 70 - 828 0.
Indianapolis | _HERS 85 - 154 7
HERS 100 - 057 5.
HERS 130 7 240 2.
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1449-RP Conventional Cooling System

Table 1. Comparing Relative Annual Costs for each HERS Level and Climate

HERS130
HERS50 | HERS70 | HERS85 [HERS100 [HERS130| No Vnt

Z0-Orlando 21% 36% 63% 100% 138% 129%
Z1-Miami 32%! 46% 72% 100% 143% 134%
72-Houston 32% 44% 64% 100% 163% 154%
Z3-Atlanta 29% 44% 59% 100% 143% 135%
Z4-Nashville 39% 58% 77% 100% 169% 157%
Z5-Indianapolis 42%! 64% 74% 100% 137% 126%

System 1 - Exh Fan (V1)

Total Costs w Furnace ($)

200rlando  Z1-Miami  Z2-Houston  Z3-Atlanta  Z4-Nashville  ZS-Indianapolis

[ mhersso mmem7o  memsss w100 mwersize  WHERS1ONovee
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Conventional Cooling System Runtime
2-spd systems for HERS 70 and 50
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Figure 1. Comparing Air Conditioner Runtime for Different Climates and HERS Levels
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Hours > 60% RH by HERS Index and Climate

Conventional Cooling System and Mechanical Ventilation
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Duration of Events > 60% RH

[= [ " [ [ =
Figure 1. Comparing Number of High Humidity Events i RH)for Different C
Levels
ACI C = Deht
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Impact of Duct Location Impact of Duct Location
Elevated Indoor Relative Humidity
Impact of Moving Ducts from Attic to the Total Space Conditioning Cost
Conditioned Space Reduction Impact of Moving Ducts
(due to sensible cooling load reduction) from Attic to the Conditioned Space
Hours »60%RH % Diff. wrt
Ducts inside [Ducts inattic’|  ducts inattic Total HVAC
Annual Cost Reduction
HERS 80 . HERS 70 | HERS 50
Oriando 770 580 33% Oriand 5% 6%
Hiami 500 389 54% ando > o
% 28%
Heusten 238 18 53% Miami 2%
Houston 26% 26%
HERS 70 Atlanta 24% 24%
Oriando 1000 790 27%
iiami 820 a00 37%
Heuston 380 300 27%
HERS 50 HERS 70 “ducts in attic have £% leakage (3% supply. 2% return}
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Comparing High Humidity Levels i
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Figure 1. Psychrometric Plots Showing Impact of Enhanced Control in Miami, HERS
100 House
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However, it has its limitations
PSC, Enhanced cooling system house, Houston, TX
PSC, Enhanced cooling system house, Houston, TX 90.0 90
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z =
f 70 /== Mm Al Z 600 M m A /\F’_\/’\\/\/’—/A 60 § ——Tdb_avg
s T Tdb_tstat = L~ WJ We— Vv Vv N TR RHav
60 *5" S TR i i = 500 50 &
o RH_CR bed [ A g |—Tdp_avg
£50 RH_mbed % 40.0 l\ - 40 g |——FanRT
T 4 (] —RH_tstat 5 300 I n A A 1 A 30 8 Cool RT
g = & WM_] ] Cool cycl
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Hour of day (4/23 to 4/26 2004)
Mode 1: “normal cooling” 350 cfm/ton
Mode 2: “cool to dehumidify” 280 cfm/ton only with a call for cooling Mode 1: “normal cooling” 350 cfm/ton
Mode 3: “super dehumidify” 210 cfm/ton for 10 minutes on / 10 minutes off Mode 2: “cool to dehumidify” 280 cfm/ton only with a call for cooling
limited to 3°F overcooling Mode 3: “super dehumidify” 210 cfm/ton for 10 minutes on / 10 minutes off
limited to 3°F overcooling
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e e Houston Field Study
How much supplemental dehumidification is
Table 1. Monitoring results for Stand-alone dehumidifier system and the Ducted dehumidifier system in the
needed? Houston study
Stand-alone Ducted
Monitoring period 107472001 - 7/31/2002 10/17/2001 - 8/1/2002
Total days with data 300 288
House dry bulb temperature
(avg of 3 points)
min 67 63
max 80 80
avg 73 72
std dey 2 3
House relative humidity
(avg of 3 points)
min 26 25
max 70 69
avg 50 51
std dey 8 ’ Variation in occupant
House dew point temperature . . .
(avg of 3 points) behaviors impacting
min 35 32 i i
in > 2 |nterna|lggneratlon
avg 53 53 has a big impact
td dev 5 6
Hours above 60% RH 7% 1% /
Supplemental dehumidification
energy ion (kWh) 209 463
ACI Conference — Supplemental Dehumidification ACI Conference — Supplemental Dehumidification
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(0]
Supplemental DH Results — HERS 85, 60% setpt

Total]  Total
. Hours|  Hours Ac| Ac|  Hg| AHUFan DH| DHFan| Electric| Costsw

HERS 85, 60% RH SetPt| ol Above| Runtime| ACEER| Energy] Enwgg Energy| Energy| Energy| wio HT| Fumnace
615%  515% (hrs)) Buwh)|  wh)| Wh)  kWh)| kW) kWh)|  kwh) ©)

552500 116 776 351 T 269 25 521 - - 03 504

52 AC Tow fiw 502 EH o 5] 3615] 2268 71 - 53 517

55 - Parial SCRA| 607 367 72 1] e 20w 7 - J5E] 537

Orlando |59 FullRH T 117 21 7] 209 - - 745 541
S5 - DH Unit 27 ] 045 2| 2169 763 - o2 543

56 Ductsd DR 55 558 076 il B[ 2166 2 pE) IR o2

S14- Cond DES g 357 iEE] i o422 125 n] 169 525

552500 JZ50] IEREE] 55 EE] gl - - 16573 Ell

52 AC Tow fiw 6] 3.0 e 165 546 - - 219 558
55 - Parial SCRA| 162 550 A %3 - - 306 57

Miami |59 Ful RH 2 755 925 052 - - 3 £

5~ DH Unit 5 a6 85 FoEEN ] - 5T Bi

56 Ductsd DI 57 136 ) FoEEN I 5] 64 o7

S14- Cond DES g EEd 855 o8] 107 16 5 57!

552500 pid I 50 53 560 - - 3767 50

52 - AC Tow fiw 43 528 185 163 758 - - 538 540

55 - Parial SCRH 5 27 T 2 761 - - 565 523

Houston |59 Ful RH - 556 217 568 - - 988 )
55~ DH Unit % 558 X 582 7 - 068 555

56 Ductsd DI 5 81l 183 562 37 715006 555

512~ Cona DES - 780 781 552 57 5] 5001 555

552500 % T 5 T FIEE A 37 - 2508 52

52 - AC Tow iw T 3 703 i 3616228 515 - - 3062 S

55 - Partial SCRH T 5 705 il 1] 622 575 - - 082 [

Atlanta [_S9- Ful RH 5 T 715 i 228 553 - - 165 557
S5~ DH Unit - 5% 5% il 1] 68 670 - - 27 707

56 Ductsd DI - 530 6% i 1] 6289 670 - - 27 707

S14-Cond DES |- 550 &% 7 1] 6209 570 B 227 707
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Supplemental DH Results — HERS 85, 50% setpt
Totall Totall
. Hoursl  Hours Ac| Ac| Htg|  AHU Fan DH| DHFan| Electric|] Costsw|
HERS 85, 50% RHSetPt| /ol  Above| Runtime| ACEER| Energy| Energy| Energy| Enmergy| Energy| wio HT| Fumace
61.5%  51.5% (hrs)|  (BtuWh)|  (kWh)|  (kWh) (kWh)|  (kWh)|  (kWh)[  (kWh)| )
100% S3-2-5pd TI6| 6775 3,461 T| 2898| 2053 324 - - 3425 504
122% §2- AC low fiw 32| 314 185 3777 JEFE] 662 - - 1642 632
124% S8 - Partial SC/RH B 150 13 1515 306 784 - - 5533 724
127% Orlando | S9- FUlRH B T 455 L3 ] 2389 860 - B 5203 653
128% S5~ DH Unit - Bl 159 3802|1917 875 1219 - 6099 751
127% 6- Ducted DH B 73 4% 3775|1942 871 522 91| 5962 739
128% S14-Cond DES - 1 2003 65| 3528] 2144 834 1113 69| 5847 741
100% S3-2.5pd 7TI0] 4118 18% 15.9] 4069 a2 201 - - 7673 5071
131% 52 AC low fiw 75| 2017 23% 64 225 a1 500 - - 6328 670
133% S8 - Partial SC/RH - 531 3,185 [ 685 40 004 - - 7052 747
136% Miami S9- FulRH - 7 207 7 485 438 118 - - 6,605 71
135% S5~ DH Unit - 138 969 5 238 282 065 912 - 7419 76:
135% S6-Ducted DH - 1% 556 5 216 250 062 54 2| 7317 75
135% S14- Cond DES B 2 831 5 000 346 028 815 24 7,169 74
100% S3-2.5pd 27| 2527 576 3] _3203] 3030 360 - B 3787 750
120% 52 AC low fiw 31 1,269 238 3| _39%] 3071 739 - - 4879 515
121% S8 - Partial SC/RH - 378 346 1285|3068 787 - - 276 578
123% Houston |59 - Full RH - 2 368 4086|309 562 - - 72 571
123% S5~ DH Unit - 208 230 3948|297 893 470 - 512 5%
123% S6- Ducted DH B 222 220 3537 | 298 852 356 7 461 551
123% 514~ Cond DES - 1 170 3806] 302 878 395 60 383 586
100% S3-2.5pd 20 T 655 3 558 211 307 - B 508 625
110% 52 AC low fiw El 5] 71 6 514 - - 087 689
110% S8 - Partial SC/RH - 2 750 1 522 - - 185 70!
1% Atlanta |59 - Full R 5 4 769 7 587 - B 215 70
113% S5~ DH Unit - 3 704 6 671 122 - 361 71
13% S6- Ducted DH - 5 703 6 : 671 ES 20 354 7l
113% ST4-Cond DES | - - 654 6 351 277 669 ES 15 334 71
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Supplemental Dehumidification Energy and Cost

ExfaustVaniiaton GFIS Venilaton ERV Ventiaton
0% 5% 5% 0% 0%

EiEy
(Benumicaton|Dehumificaton]Dehamification| Dahumicaton]

I i)
Searicaton e awan G| Beamieato

HERS 85 Cony. System Gom. System

Conv. System
o) ®

=%
(Gefumifcation [ Dehumificaton[Dehumication Dahumiication|

Ortands | Canv o 2-5pd

Low flowsovercao) 19 3 127 16| 17 3 105 17} 8 1 102 18]
Subcaol Rehsat® 104 13 1019 11 0 16 a3 109 138 1 1007 109|
Full Cond Reheat 230 27 688 79 232 2 564 66| 27 2 604 7
Standalons D 347 30 1585 137 2 14 1316 105 25 3 1268 104

Durted DH* 333 2% 1448 125 03 12 1212 a7l

‘ a7 3 1332 127 194 16 122 109
Wiam Gonvor 2500 ] ] ] ] ] = = B B B B
Low flowsovercool 5 1 14 13) 5 1 104 14 13 1 116 17]
Subcaal Reheat? 0 s 87 a0l 138 15 855 ag) 177 2 1017 105|
Full Cond Rehaat 220 2 592 61 2w 2% 516 55 255 2 590 6
Standalons D 238 19 1208 119 164 12 1064 9| 200 15 1186 109|

Ducted DH* 24 18 1103 109 154 11 968 sl

< 212 18 956 o1 141 [H 868 8
Houston  Canvor 2.5p0 = = = ] = = E E E
Low flow+overcool” 0 [ 4 4 2 0 1 o 6 1 5 i
Subcaol Reheat” 27 3 38 e 54 5 503 1 6 6 561 9|
Full Cond Reh: 150 3 334 30f 163 1 328 3 162 1 365 3|
Standalona DH* m 15 676 54l & 4 568 IE 76 5 647 s8]

Dusted DH* 168 15 22 50 60 3 537 4

N 163 15 545 46 5 ‘ a3 39

Aianta Convor 2.5pd

Low flowsovereaol [ [ 5 1 0

0 0
Subcool Reheat” 0 0 103 1" 0 ] 107 | 0 0 [ o
Full Cond Reheat 3 s 132 14 8t 8 125 13 7 8 1o "
Standalons DH 145 19 21 30| [ 0 142 13 0 0 7 7
Durted DH* 145 19 n 30| [ 0 132 11
‘ 145 19 25 20| o 0 120 12)

"This system does not control to a RH setpoint

“These systems will attemptto control to an RH setpoint but will not always meet the setpoint due to a limit on overcooling

*This system will control to a RH setpoint but may not have the capacity to always meetthe setpoint, especially without whole-house mixing
*These systems will control to a RH setpoint and will meet the setpoint
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Supplemental DH Energy, HERS 85 - Min/Max/Avg

Tier 1, 60% RH setpoint, Miami, Orlando, Houston (full condensing reheat, DH, ducted DH, condenser regen. desiccant)

min 53 kWh
max | 347 KWh
avg 195 KWh

Tier 2, 60% RH setpoint, Miami, Orlando, Houston (sub-cool reheat)

min
max 141 kWh
avg 93 kWh

Tier 3, 60% RH setpoint, Miami, Orlando, Houston (low airflow, overcooling)

min 0 kWh
max 19 KWh
avg 9 kWh

Tier 1, 50% RH setpoint, Miami, Orlando, Houston (full condensing reheat, DH, ducted DH, condenser regen. desiccant)

min 328 kWh 6 times more than 60% RH setpoint
max 1,585 kWh 5 times more than 60% RH setpoint
avg 860 kWh 4 times more than 60% RH setpoint

Tier 2, 50%, Miami, Orlando, Houston (sub-cool reheat)

min 438 KWh 16 times more than 60% RH setpoint
max 1,019 KWh 7 times more than 60% RH setpoint
avg 773 KWh 8 times more than 60% RH setpoint

Tier 3, 50%, Miami, Orlando, Houston (low airflow, overcooling)

min | 104 KWh 4577 times more than 60% RH setpoint
max 127 kWh 7 times more than 60% RH setpoint
avg 90 kwh 10 times more than 60% RH setpoint
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Supplemental DH Energy and Cost — HERS 50

Dehumidification Energy, Orlando, HERS 50, CFIS Dehumidification Energy, Orlando, HERS 50, ERV
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Lessons Learned

Dehumidification Cost, Orlando, HERS 50, CFIS Dehumidification Cost, Orlando, HERS 50, ERV
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= Periods of high relative humidity mostly occur at mild conditions in the
winter and swing seasons when there is little or no need for sensible
cooling. Humidity is rarely out of control during the main summer
periods.

= The number of hours above a certain humidity threshold (say 60%
RH) is good metric for comparing the humidity control performance of
different systems. A similar result is found when analyzing the
duration of high humidity events.

= Moving ducts from the attic to the conditioned space saves energy but
increases space humidity levels in hot-humid climates. The reduction
in sensible heat gains is greater than the reduction in latent loads,
resulting in a mix of sensible and latent loads that increases space
humidity levels in homes with conventional air conditioning systems.

Deht

ACI C
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Lessons Learned

= In a multi-home field study in Houston, TX, measured supplemental
dehumidification energy consumption from two mechanically ventilated
homes was 209 kWh/yr for a representative home with a stand-alone
dehumidifier and 463 kWh/yr for another representative home with a
ducted dehumidifier.

= The ducted dehumidifier was more efficient, and the homes had
similar temperature and relative humidity control, but variability in
occupant behaviors has a strong impact on internal moisture
generation which has a strong impact on supplemental
dehumidification requirements.
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Lessons Learned (cont.)

= Detailed simulations showed that a number of humidity control
solutions can be effective in hot-humid climates.

= The most effective solutions, having relatively low operating cost and
essentially eliminating indoor humidity above 60% RH, were:

= full condensing modulating reheat integrated with the central
cooling system
= ducted dehumidifier
= stand-alone dehumidifier with central system mixing
= condenser regenerated desiccant dehumidifier
= About 170 kWh/yr could be expected for a HERS 50 house (having
ducts inside conditioned space) with a 60% RH setpoint.
= About five times that, and more, could be expected with a 50% RH
setpoint.

ACI C -
2 May 2013, Denver
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Lessons Learned (cont.)

A close second was central cooling system with subcooling reheat but
it showed more elevated RH hours.

A more distant third place was enhanced cooling controls for 2°F over-
cooling and lower airflow (200 cfm/ton) activated at 50% RH and
above.

Two-speed and variable speed systems did little to reduce hours of
elevated relative humidity in hot-humid climates unless coupled with
the enhanced cooling methods listed above.

An Energy Recovery Ventilators by itself increased hours above 60%
RH in hot-humid climates, however, when coupled with supplemental
dehumidification having a 50% RH setpoint an ERV reduced
supplemental dehumidification energy needed
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Lessons Learned (cont.)

When controlling to 60% relative humidity, the required capacity for
supplemental dehumidification in average homes in hot-humid
climates is not large — about 1.5 Ib/h, or that of a typical 40 to 50 pint/
day unit.

Expected cost to operate such a unit at 60% RH is less than $50 yr
depending on house efficiency level

Expected cost to operate such a unit at 50% RH is less than $175/yr
depending on house efficiency level

Finally, supplemental dehumidification, in and of itself, does not save
energy, rather, it is justified by enabling the energy savings from
dramatically reduced sensible cooling loads in high-performance
homes in hot-humid climates.
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Web Access to 1449-RP Results
http://cloud.cdhenergy.com/rp1449/
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Web Access to 1449-RP Results

http://cloud.cdhenergy.com/rp1449/
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