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Learning Objectives

To understand the role of proper indoor humidification in improving health
and cognitive functioning

To understand that proper indoor humidification can be an intervention to
prevent seasonal influenza spread in preschools

To understand how to properly design a high-pressure fogging system for
health-care applications both for humidification and energy saving

To undi d how to estil the break

point of the most

common steam and adiabatic humidification systems
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Climatic zones (cities)
Conditioned spaces
AHU structure

Humidifiers:
Steam: electrodes, electric resistance, gas-fired
Adiabatic: pressurized-water, wetted media, ultrasonic

1.
2.
3.
4.

5. Resource costs: energy, water, labour

6. Costs & break-even points:
1. CAPEX: purchase, installation, commissioning

2. OPEX of the AHU: electricity, water, annual service (labour),
annual spare parts

7. Conclusions

Climatic zones (cities)

* Selected some Global Environmental Zones [2] as
representative weather conditions

* Atlanta, GA: hot temperate & mesic (GEZ K11)
Mesic = with a moderate or well-balanced supply of moisture

* Boise, ID: cool temperate and xeric (GEZ I5)
Xeric = receiving only a small amount of moisture (< 250 mm/10 in of annual
precipitation)

* Las Vegas, NV: hot & dry (GEZ N3)

* Minneapolis, MN: cool temperate and dry (GEZ H9)
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Conditioned spaces

* Selected as representative conditioned spaces

* Office:
* 100 persons
* Set point: 72 °F (22 °C) 40 %rh @ CAV 7,475 cfm, 394 ft/s (12,700
m¥h, 2 m/s)

¢ Duty: 8am—-8pm, Mon—Fri, Jan-Dec
* Hospital:
* 5000 persons
. Set(g)oint: 72 °F (22 °C) 40 %rh @ CAV 370,863 cfm, 394 ft/s
(630,100 m%¥h, 2 m/s)
* Duty: 24/7/365
CAV = Constant Air Volume
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AHU structure (CAV)

G Ge= Gy

a*Gelitoho

[ Ge:tihy
w | *

G, Constant Air Volume flow (CAV)

Note: CAV to reduce
variables

Outside air & ODA

1Goand Gg o= 1, exhaust flow = ODA

AHU structure: devices

Getehe Gy= Gg= Gy

T
a Z’G‘ Constant Air Volume flow (CAV)

Outside air & ODA

HU  Humidifier
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RC _ Post

vont | WER
Go__ Exhaust ar flow-rale
Ratio be 3

« | RaobeteenGomd G

o =1, exhaust flow = ODA

Blowers: fixed speed (CAV) AC: OFF to reduce variables
Mixing box: 20%-100% ODA & 100% ODA Coils: modulating
HE: efficiency 60%, no by-pass HU: the only changing device across simulations

Estimation algorithm

* Traditional:
* The humidifier is sized based on a reference outdoor humidity (driest)
* AHU running costs are a consequence

« They may not be the minimum because they are a consequence of a
humidifier sized “beforehand”

* This method has not been used here

* Used for this presentation:

 Devices are freely modulated to approach the space set point, while
minimizing the AHU’s electricity + water costs, the AHU’s primary energy
input, the water usage, and maximizing the ODA %

The humidifier size is a consequence of the minimum running costs
This guarantees that the humidifier corresponds to the AHU min. costs

Note: humidification loads vary according to the type of humidifier (costs
of energy source, water usage, pressure drops)
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* 96 estimations to calculate:
« CAPEX of the humidifier: purchase (list price) + installation

« OPEX of the AHU: energy + water + maintenance (labour & spares)
Note: no inflation, no interest rates included (simpler to understand)

¢ Same AHU

* What changes:
* Humidifier types (6): steam (3x) + adiabatic (3x)
« Climatic zones (4 cities): 2-°F bin data according to spaces’ duties
* Conditioned spaces (2): office, hospital
2 cases of mixing of outdoor air (ODA) with recirculation air:
* 20%-100% ODA, modulating
*100% (fully ODA), non-modulating

* Not considered:
* Precision requirements
* Hygiene requirements
* Energy source and water availability
* Anything else not “economic”
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Humidification systems: steam

TYPE INST/ POWER CONS. | MODUL. WATER ANNUAL LULTIEY
unit/2+ uni LABOUR SPARES

ELECTRODES 4/2 hrs 0.75 kW,/(ke/h)  20%— MAINS (2x4 hrs)/yr 120-600
034 kW,/(Ib/hr)  1009% usD/yr
EL. HEATERS 4/2 hrs 0.75 kW, /(kg/h)  1%-100% MAINS, RO (1x 4 hrs)/yr 655-710
0.34 kw,/(Ib/hr) RO <50 pS/cm, usD/yr

rec. factor = 50%
Note: annualized
ave. cost of a typ.

5-yr. period
GAS-FIRED 8/6hrs  075kWy/(ke/h)  25%-  MAINS, RO (x6hrs)yr  1035-1050
0.34kW,/(Ib/hr)  100% RO <50 uS/cm, usD/yr

rec. factor = 50%
Note: annualized
ave. cost of a typ.
5-yr. period

Values are per humidifier
Rec. factor = Recovery factor = ratio outlet water (demineralized) / inlet water (typ. mains)
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Humidification systems: adiabatic

TYPE INSTALL. | POWER | MODUL. ANNUAL ANNUAL SPARES
1unit/2+|  CONS. LABOUR # [USD/yr.]

units times x

hrs/yr.

PRESSURIZED ~ 12/8 hrs 10 W,/(kg/h) 15%— MAINS, RO (3x 4 hrs)/yr 1135-2350 USD/yr
-WATER 5 W,/(Ib/hr) 100%

s pressre rop RO <50 iS/cm, Note: oil & valves of
rec. factor = 50% pump + annualized ave.
cost for RO
'WETTED 10-72 1.4W,/(kg/h) 20%- MAINS, RO (4x 2 hrs)/yr + 400-12000 USD/yr*
MEDIA hrs*  0.6W/(b/hr) 1009 (1x 4 hrs)fyr
to Note: annualized ave.
It (4x 4 hrs)fyr +  cost of a typ. 3-yr. period

(1x 16 hrs)/yr*

ULTRASONIC  4/3 hrs 70 W,/(kg/h) 1%-  RO<5uS/cm  (x4hrs)yr  1035-2050 USD/yr
32 W,/(Ib/hr) 100%  Rec. factor = 10%
Note: annualized ave.
cost of a typ. 5-yr. period
*: wetted media are installed as 1 piece (not 2+) and the values vary according to its size
Rec. factor = Recovery factor = ratio outlet water (demineralized) / inlet water (typ. mains)
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Resources: costs Atlanta, GA, 100-person office: OPEX & CAPEX

- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual Ibs/hr to get the approx. humidifier CAPEX

Atlanta, 100-person office: OPEX in USD/hr across 8760 hr/yr

* Electricity: 0.1 USD/kWh,,

N - s I:_ml 50
* Gas (LPG): 10 USD/1000 ft* = 0,0374 USD/kWh,, . 2w m\ o | 108 ‘ 109 .
3 o
S B demoos s cwees st wermoweos  omsonc
. ~ 3 g8 g
* Water: 1 USD/1000 gallons = 0,264 USD/m % Ny Atlanta, 100-persan office: CAPEX in USD/(Ibs/hr)
8| R 330,09
§ 8 L1
* Labour: 100 USD/hr i3 27725 -
3 187,27 .
=L, 118,78 | 210,7
173 107,05
N -
FLECTRODES  FLMEATERS  GASTRED  PRESSWATER  WETTEDMEDA  ULTAASONC
I —— I ——
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Atlanta, GA, 100-person office: climatic conditions vs. set point Atlanta, GA, 5000-person hospital: climatic conditions vs. set point
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Atlanta, GA, 100-person office: sizes and break-even points Atlanta, GA, 5000-person hospital: sizes and break-even points
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e o e ---
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1eao 16000000
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o0 1000 - 10000000 fre—

Baoooace Boouanaco
wn00ne so0a00nc0
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e : 2 s a s a ' : ' a 5 2
EARS. VEARS YEARS YEARS

S A — SLESTAODES —ELHEATERS  —AS.AEn HECTRODES —ELMEATIRS  —GASARED TR T iR
- PRESS WATER —WETTED MEDIA — LATRASONE. —FFIESS WATER —WETFED MEDIA — LATRASONC. —PRESS. WATER —WETTED MEDUA—ULTRASONE [ R ——
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Atlanta, GA, 5000-person hospital

- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual lbs/hr to get the approx. humidifier CAPEX
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Boise, ID, 100-person office: OPEX & CAPEX
- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual Ibs/hr to get the approx. humidifier CAPEX

Atlanta, 5000-person hospital: OPEX in USD/hr across 8760 hr/yr

270,41

Boise, 100-person office: OPEX in USD/hr across 8760 hr/yr

o 225,77 226,92 20958 2143 21822 |
1,08
" 0,98
g 0,90
| | m . =
e 135,00 134,85 135,04, 139,65 144,27, (=] I l I osr
38 ‘ <| < — | e osz | 049 | 043
o © 3 & 1 1 1 1
= B O | O | eecrRopes  FLwEaTERS GASFIRED  PRESS WATER  WETTEDMEDIA  ULTRASONIC
S| § | mnecmooes £L HEATERS GASFIRED PRESS.WATER ~ WETTEDMEDIA  ULTRASONIC = | =
(=] — o o
= p . . s 9 . .
5 sO? Atlanta, 5000-person hospital: CAPEX in USD/(Ibs/hr) — b Boise, 100-person office: CAPEX in USD/(lbs/hr)
w 1] 5 X
T s 390,09 | 8 43451
2 e 341,71 RN -
5 s gl &8
< 187,27 lzn‘“ = S 284,76 302,85
s 2 223,56
- 210,79 r
1878 | 2 L e 131,09 | 207,73
117.37) 107,05 1459
— ‘Iﬂ = - | R e 79,10 124,77
ELECTRODES. EL HEATERS GASFIRED PRESS.WATER  WETTEDMEDIA  ULTRASONIC ELECTRODES EL HEATERS GASFIRED  PRESSWATER  WETTEDMEDIA  ULTRASONIC
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Boise, ID, 100-person office: climatic conditions vs. set point
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Boise, ID, 5000-person hospital: climatic conditions vs. set point

Boise, ID, 100-person office: sizes and break-even points

PRESS. WETTED
SRl -m WATER
20%-100% ODA 18 22 40 73 44 62

100% ODA 185 185 181 152 176 152
BOLD RED = MOST CONVENIENT

Baise, 100-p. office: CAPE + OPEX @ 20%-100% ODA [USD] Boise, 100-9, office: CAPEX + OPEX @ 100% 0DA [USD]
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Boise, ID, 5000-person hospital: sizes and break-even points

SIZE (Ibs/hr) | ELECTRODES | HEATERS -- ULTRASONIC
95} 293 293 20

20%-100% ODA 2 04 1764 1916
100% ODA 6975 6975 7297 7006 9039 6995
BOLD RED = MOST CONVENIENT

Bclon, 3000.p. heaphak: CLHEK + GPAK  20%-100% OG0k 150 Baise, 5000-p. hospital: CAPEX + OPEX @ 100% ODA (USD]
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Boise, ID, 5000-person hospital

- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual lbs/hr to get the approx. humidifier CAPEX

Boise, 5000-person haspital: OPEX in USD/hr across 8760 hr/yr

137,01
> 10389 105,14
| | | ma 80,51
S I I |
S| < = w02 mas\ 2599
8 1
B O | recrmooes EL HEATERS GASFIRED PRESS.WATER  WETTEDMEDIA  ULTRASONIC
151 X
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ELECTRODES EL HEATERS GASFIRED PRESS.WATER  WETTEDMEDIA  ULTRASONIC
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Las Vegas, NV, 100-person office: climatic conditions vs. set point

1/18/2019

Las Vegas, NV, 100-person office: OPEX & CAPEX

- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual Ibs/hr to get the approx. humidifier CAPEX

Las Vegas, 100-person office: OPEX in USD/hr across 8760 hr/yr

- | o ,
l I (= on
— lw
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S| 8
- e Las Vegas, 100-person office: CAPEX in USD/(lbs/hr)
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Las Vegas, NV, 5000-person hospital: climatic conditions vs. set point

- IR
HEERORSRNT

Las Vegas, NV, 100-person office: sizes and break-even points

PRESS.
e -- WATER -
88 62

20%-100% ODA
100% ODA 168 168 168 203 154 137
BOLD RED = MOST CONVENIENT

Las Vegas, 100-p. office: ﬁi! + OPEX @ 20%-100 ODA [USE) Las Vegas, 100-p. office: CAPEX + OPEX & 100% ODA [USD]
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Las Vegas, NV, 5000-person hospital: sizes and break-even points

SIZE (Ibs/hr) | ELECTRODES | HEATERS M- “h’/IEE[[IIEAD ULTRASONIC

20%-100% ODA 97 97 3571 3307 3100
100% ODA 6012 6012 6151 6067 6173 6067
BOLD RED = MOST CONVENIENT

UnaVogas, 5000, .- CAPEX + GPIN 200 4008 GOA 501 Las Vegas, 5000-9. hos.; CAPEX + OPEX © 100% ODA [USD]

so00ma0 00000000
saan000 so00000.00
a00000.00
_ ooomen
200000020

100000000

YEARS

—ELECTRODES  —EL HEATERS  —GASFIRED.
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—PRESS, WATES — WETTED MEDSA — ULTRASONIC
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Las Vegas, NV, 5000-person hospital Minneapolis, MN, 100-person office: OPEX & CAPEX
- OPEX: multiply by 8760 to get the approx. annual AHU OPEX - OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual lbs/hr to get the approx. humidifier CAPEX - CAPEX: multiply by actual Ibs/hr to get the approx. humidifier CAPEX
Las Vegas, 5000-person hospital: OPEX in USD/hr across 8760 hr/yr Minneapolis, 100-person office: OPEX in USD/hr across 8760 hr/yr
12379 282
s mm 11454
_ 188
| e 64,50 7061 I e I | 140 Leo U7 |
s o o = - -
S| s B 31,08 34,05 .10 mas 139 gl s 075 077 | 079 080 o3
g O | awmones | nmmms | comm | mswamn | womoweos | smou S S| mmoes  mms s s wemoweos  wmwsonc
= | 3 8| g .
s S Las Vegas, 5000-person hospital: CAPEX in USD/(Ibs/hr) % S CAPEX I )
| X S8 8 394,28
E Q 20134 5 t
= &8 g ;E s 247,26 207,13
S 11648 2| 3 F
53 — 2 221,
= 5558 | s L, 5486 93,57
—> 3029 ¥ 29,30 .82 K | 1 P 1283 ‘ma,z
o s 3653 4633 3224 r27a0 30,11 — o4
P CASPRED  PRESSWATER  WETTEDMEDA  ULTRASONIC ELECTRODES  EL. HEATERS. GASFRED  PRESS.WATER WETTEDMEDIA  ULTRASONIC
.| .|
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Minneapolis, MN, 100-person office: climatic conditions vs. set point Minneapolis, MN, 5000-person hospital: climatic conditions vs. set point
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Minneapolis, MN, 100-person office: sizes and break-even points Minneapolis, MN, 5000-person hospital: sizes and break-even points
PRESS. | WETTED
SIZE (Ibs/hr) | ELECTRODES | HEATERS ULTRASONIC
Sy - SRS - waTer | mepia | UTRASONIC ------
20%-100% ODA 37 37 29 79 88 64 20%-100% ODA 556 556 556 1922 1984 1907
100% ODA 205 205 205 179 220 179 100% ODA 8228 8228 8228 10240 10141 8203
BOLD RED = MOST CONVENIENT BOLD RED = MOST CONVENIENT
Mineapols, 100-9. X ¢ OFEX 20%-100% 00A [U50] Minreapli, 105-persan ofice: CAPEX + OPLX. @ 100% 00K [U50] Minnaapols, SU00-p. h.: CAPEX + OPEX 20%-100% ODA [USD) Minnaagalls, 5090-p. hasgltal: CAPEX + GPEX @ 100% ODA
190000,00 14000000,00 fr—— e N
tooccon 10000
-
e 1230000000
120000,00 9900000,00 « P
oo [r—— oo
Eowa.00 000,00
sgn
p—
-
Jo— 20000000
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s . ' : f . s
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B —— —arTOE —L AT — AR R — HETIOOES — HTS | — A
PSS, WATER —WETTED ik — i TRASOHG —PhES. WATER —WETTED MEGA—ULTRASONIC PAESS WAWER —WETTEO MDA — ULTRASONC —PRESS WATER —WETTED MDA — UATRASOE
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Minneapolis, MN, 5000-person hospital

- OPEX: multiply by 8760 to get the approx. annual AHU OPEX
- CAPEX: multiply by actual lbs/hr to get the approx. humidifier CAPEX

Minneapolis, 5000-person hospital: OPEX in USD/hr across 8760 hr/yr

252,86
s mm 2601
788 182,38 182,45
3 > aa00 83,28 8650 84,93 83,15 9363
<
2 2
T e ———————
=3
5 = Minneapolis, 5000-person hospital: CAPEX in USD/(Ibs/hr)
T X
O R 202,99
&
2| <
= &8 199,34
S
5
= 517 5166
. i . 2908 23,18
R | 45,03 7745 e
ELECTRODES  EL HEATERS GASFIRED PRESS.WATER  WETTEDMEDIA  LLTRASONIC
Conclusion

The running costs (energy + water) of a reference AHU have been minimized by
freely modulating its devices based on the climatic conditions of 4 representative
cities (Atlanta, Boise, Las Vegas, Minneapolis) and 2 installations (100-person office
& 5000-person hospital)

Humidifiers (3x steam + 3x adiabatic) have been sized as a consequence

The specific humidifier CAPEX, as USD/(Ibs/hr), and AHU OPEX, as USD/hr, have
been presented

In general:
« Offices, i.e. “small” loads (approx. up to 200 Ibs/hr):
* Immersed-electrodes systems often result as the most convenient given the lowest CAPEX,
although the OPEX may be higher due to the electricity consumption
* Gas-driven and wet media are convenient in dry climates (e.g., Las Vegas) due to the longer
running hours
* Hospitals, i.e. “big” loads (above 200 Ibs/hr): gas-driven, pressurized water due to the
longer running hours

In case of equivalence, consider also: hygienic issues, precision required,
energy source and water availability
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