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July 1982 - 4:30pm Friday afternoon

Lewis G. Harriman Ill is the Market
Manager for semiconductor and electron-
ics manufacturing facilities at Cargocaire
Engineering Corporation in Amesbury,
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July 1982 - 4:30pm Friday afternoon

Lewis G. Harriman Ill is the Market
Manager for semiconductor and electron-
ics manufacturing facilities at Cargocaire
Engineering Corporation in Amesbury,

Phone call from Senior
Purchasing Manager - Intel

“We have a wafer fab down - We can’t
hold 357% RH in the photolithography
room. We need a 50,000 cfm desiccant
dehumidifier delivered to Chandler, AZ
by Monday... Let me know what it costs,
and we’ll arrange the air transport for
this afternoon”

40 Years Of Humidity Control
Summer Camp - Westford 2019



July 1982 - 4:30pm Friday afternoon

Lewis G. Harriman lll is the Market
Manager for semiconductor and electron-
ics manufacturing facilities at Cargocaire
Engineering Corporation in Amesbury,

Phone call from Senior
Purchasing Manager - Intel

“We have a wafer fab down - We can’t
hold 357% RH in the photolithography
room. We need a 50,000 cfm desiccant
dehumidifier delivered to Chandler, AZ
by Monday... Let me know what it costs,
and we’ll arrange the air transport for
this afternoon”

40 Years Of Humidity Control
Summer Camp - Westford 2019

.
-
pr "‘\\
¥ &
I# X boa
] - ."
L ﬂl‘.
b
A :
L]
i'""%
' . i
' L E
\ ""u = -
A e}
i :
LY % &
- # . .. o et TR \ L
F. ’ i " [ L ] 1
"_- I- 4 i ._ T ' J
r':-. .. 3 i £
~ -.. i‘ ! |. I‘ : : II'-K‘
' :
b 75
] -~
'ﬁ-:'-'a‘--_ L — —



February 2009

eMail from
Engineering Services
Contractor for the
Ministry of Health of
Malaysia
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eMail from
Engineering Services
Contractor for the
Ministry of Health of
Malaysia

“The Ministry has hired us to
remediate fungus (3rd time) in a
new community clinic. We want to
understand why this keeps
happening, and how to prevent it.”
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September 2012

Phone call from the House Manager: Newly-built S6M
9,700 ft2 house near Chicago, IL
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September 2012

Phone call from the House Manager: Newly-built S6M
9,700 ft2 house near Chicago, IL

“I read your article in ACHR
News... maybe you could
help us. We have five
systems and none of them
are controlling humidity in
this brand-new house”
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March 2016

eMail from Mr. Tauran -
Chief Engineer, Ministry
of Health of Malaysia
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eMail from Mr. Tauran -
Chief Engineer, Ministry
of Health of Malaysia

&

“We have moisture and
fungus problems in many
hospitals as well as
clinics ...We want to
investigate causes and
revise MOH construction
specifications to prevent

these problems in our
5,000 facilities.”

40 Years Of Humidity Control
Summer Camp - Westford 2019



March 2016

eMail from Mr. Tauran -
Chief Engineer, Mlmstry
of Health of Malaysia

“We have moisture and
fungus problems in many
hospitals as well as
clinics ...We want to
investigate causes and
revise MOH construction
specifications to prevent

these problems in our
5,000 facilities.”

40 Years Of Humidity Control
Summer Camp - Westford 2019




SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”

40 Years Of Humidity Control
Summer Camp - Westford 2019



SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”

1. Build air-tight insulated enclosures with great windows.

40 Years Of Humidity Control
Summer Camp - Westford 2019



SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”

1. Build air-tight insulated enclosures with great windows.
2. Dry the ventilation air, using ASHRAE peak dew point design

data to size the ventilation dehumidifier.

40 Years Of Humidity Control
Summer Camp - Westford 2019



SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”
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2. Dry the ventilation air, using ASHRAE peak dew point design
data to size the ventilation dehumidifier.
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SUMMARY...
“"Secret Guide to Humidity Control and Mold Avoidance

ry

1. Build air-tight insulated enclosures with great windows.

2. Dry the ventilation air, using ASHRAE peak dew point design
data to size the ventilation dehumidifier.

3. STOP ventilation + exhausts when nobody’s in the building.

4. Keep unoccupied buildings DRY (not cool) by recirculating

and operating the ventilation dehumidifier.
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Who IS this guy Harriman?...

and HOW did he get to BE that way?

1959 - Buffalo, NY 1964 - Catalunya, Espana 1971 - Hanoer, NH ‘71 - 76 - Captain USAF 76 -’86 - Munters
Calasanctius School Escolapios de Puigcerda Dartmouth College Engineering + Services Applications + Marketing
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Books, Articles & Guidance
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Terminology and Units
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Industrial Case - Intel
VERY tight (Clean room must exclude particles)
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Industrial Case - Intel
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Temperature
and Moisture
Control System

External Loads
2600 SCFM 95°/95Gr/Lb
70,200 BTU/Hr

702,500 Gr/Hr

48,630 SCFM

Return Air
Photolithography Area 1.600 SCFM
Control Level Exhaust Air

70°F/Gr/Lb
Internal Loads
154,000 BTU/Hr
85,000 Gr/Hr

Air Lock
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Solution.. Dry the "make up” air
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Solution.. Dry the "make up” air

Recooling ; Desiccant :
Cooling  Fan heactivalion. pehumidifier Pre-Cooling
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Why did the original engineer NOT dry the makeup air?
ASHRAE did not show peak dew point data until 1997
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Why did the original engineer NOT dry the makeup air?
ASHRAE did not show peak dew point data until 1997
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Why did the original engineer NOT dry the makeup air?
ASHRAE did not show peak dew point data until 1997
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DH loads at peak dry bulb v. peak dew point

Small commercial - Retail Store - Cincinnati, OH and Covington, KY

Respiration (PPL)
Occupant Ventilation
Bldg. Ventilation
Infiltration (ACH Nat)
Door Activity

Humid Product 1
Damp Carpet 0.5

Permeation (Walls)
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DH loads at peak dry bulb v. peak dew point

Small commercial - Retail Store - Cincinnati, OH and Covington, KY
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Residential Case - Chicago

—

_, |
——

'.--

"
-

=
'

N i, &
~.

[
¥

‘-—-ﬁh—._‘
.
L
-

S -

-. i - o
e a3

u ““'I II

40 Years Of Humidity Control
Summer Camp - Westford 2019

14



Residential Case - Chicago
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50% RH

Guest Room (South)
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Tight building!
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- Nearly zero humid air leaks

Size: 9700 ft2
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Tight building! - Nearly zero humid air leaks

Size: 9700 ft2

Corbett + Grace Lunsford
BuildingPerformanceWorkshop.com
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Tight building! - Nearly zero humid air leaks

Size: 9700 ft2

Corbett + Grace Lunsford
BuildingPerformanceWorkshop.com

Blower door: 2856 cfm.,
ACH (Natural): 0.15
ELA: 1.8 ft2
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Tight houses need ventilation
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Tight houses need ventilation
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Tight houses need ventilation
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Why is this tight building so
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Why is this tight building so
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negative?

Kitchen exhaust
1lam —4:00pm
948cfm (High)

626 (Medium)
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In theory - Extra AC capacity should remove the load...

R Size: 9700 ft?
gk i Peak acload: 7 tons
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In theory - Extra AC capacity should remove the load...

IS size: 9700 2
SR Pogk ac load: 7 tons

In practice:
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In theory - Extra AC capacity should remove the load...

W Size: 9700 ft2
<l ¢ Peakacload: 7 tons

In practice:

e Little or no cooling load
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In theory - Extra AC capacity should remove the load...

W Size: 9700 ft2
QWi Peak ac load: 7 tons

In practice:

e Little or no cooling load
e Very little run-time
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In theory - Extra AC capacity should remove the load...

iR R Size: 9700 ft°
K U Peak ac load: 7 tons

|||||||
' |

In practice:
e Little or no cooling load
e Very little run-time

e Very high exhaust = very high
humid air infiltration load
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In theory - Extra AC capacity should remove the load...

iR R Size: 9700 ft°
K U Peak ac load: 7 tons
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In practice:

e Little or no cooling load
e Very little run-time

e Very high exhaust = very high
humid air infiltration load

e No dedicated dehumidification
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In theory - Extra AC capacity should remove the load...

Wk "¢ Peak acload: 7 tons

.......
i)

In practice:

e Little or no cooling load
e Very little run-time

e Very high exhaust = very high
humid air infiltration load

e No dedicated dehumidification
e No humidity control
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In theory - Extra AC capacity should remove the load...

WSS Size: 9700 ft2
-G ¢ Peak acload: 7 tons

Fig. 2 South-East Bedroo -
South-East
Bedroom
In practice: i J
p 1 /ff,\ wgﬁ»f”"wwm M/w”'.\,.w" \“W

e Little or no cooling load

e Very little run-time | \tl\w \l
littl WM fw

e Very high exhaust = very high
humid air infiltration load

e No dedicated dehumidification

e NO humldlty control 50% RH
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As the late, great Yogi Berra observed...

'In theory there is
. no difference
«1 between theory and

practice.

| Yogi Berra
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As the late, great Yogi Berra observed...

'In theory there is
. no difference
«1 between theory and

practice. In practice

/-- there is.”

| Yogi Berra
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Don Gatley, P.E. (senior Summer Camper!)
Don’s Advice: Keep it Simple

79 moisture investigations in 25 years

40% hotel and nursing homes

40% apartments, condos, and houses
20% other

All except four were caused by building suction and/or excess humidity in
ventilation and makeup air:

* Too much exhaust (not enough dry makeup air)

* Not enough drying of the makeup/ventilation air
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Don told me: Don’t overcomplicate humidity control! Just make sure that:
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All except four were caused by building suction and/or excess humidity in
ventilation and makeup air:
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* Not enough drying of the makeup/ventilation air
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Don Gatley, P.E. (senior Summer Camper!)
Don’s Advice: Keep it Simple

79 moisture investigations in 25 years

40% hotel and nursing homes

40% apartments, condos, and houses
20% other

All except four were caused by building suction and/or excess humidity in
ventilation and makeup air:

* Too much exhaust (not enough dry makeup air)

* Not enough drying of the makeup/ventilation air

Don told me: Don’t overcomplicate humidity control! Just make sure that:

|. The building does not suck, and that...

2. Ventilation and makeup air are DRY. (Drier than indoor air)
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Why dry the ventilation air? - It's the biggest DH load!

y

Air Leaks
(+ 23%)

Ventilation
(+60%)
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Why dry the ventilation air? - It's the biggest DH load!

y

Air Leaks
(+ 23%)

In large, tight, well-
insulated houses:

Ventilation
(+60%)
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Why dry the ventilation air? - It's the biggest DH load!

In large, tight, well-
insulated houses:

e Little or no cooling load

Air Leaks
(+ 23%)

Ventilation
(+60%)
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Why dry the ventilation air? - It's the biggest DH load!

In large, tight, well-
insulated houses:

e Little or no cooling load

Air Leaks
(+ 23%)

Ventilation
(+60%)

e Little or no humid air infiltration
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Why dry the ventilation air? - It's the biggest DH load!

In large, tight, well-
insulated houses:

e Little or no cooling load

Ventilation
(+60%)

Air Leaks
(+ 23%)

e Little or no humid air infiltration
e Very few people
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Why dry the ventilation air? - It's the biggest DH load!

In large, tight, well-
insulated houses:

e Little or no cooling load

Air Leaks
(+ 23%)

Ventilation
(+60%)

e Little or no humid air infiltration
e Very few people

e Ventilation is a really big humidity load

40 Years Of Humidity Control

Summer Camp - Westford 2019 ’



Why dry the ventilation air? - It's the biggest DH load!

In large, tight, well-
insulated houses:

e Little or no cooling load

Air Leaks
(+ 23%)

Ventilation
(+60%)

e Little or no humid air infiltration
e Very few people

Soo0o0.....

e Ventilation is a really big humidity load

} e Therefore, we’re going to need dedicated
dehumidification to remove the load
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Peak DH loads - Commercial and institutional buildings

40 Years Of Humidity Control
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Dehumidification Load Estimates For Tampa, Florida
Outdoor Dew Point Design: 85°F 144 gr/Ib [29.4°C 20.5 o/kg|
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The ANNUAL ventilation DH load is much larger than the
ventilation cooling load

ASHRAE QGO JOURNAI

Dehumidification and Cooling Loads
From Ventilation Air

By Lewis G. Harriman Ill it
Alember ALHRAE

Dean Ploger
ond Douglos Kosar

Mlmrber ASHRAF

inety-five years since Willis Carrier began the modern

era of air conditioning by dehumidifying a printing
plant, our industry s becoming more concemed wilh [he
imporiance of controlhing humidity 1 buildings. In part, this
concem stema from indoor air quality problems associated
with excess moisture in mr-conditioning systems. Bul more
universally, the noed for ventilastion sir has forced HVALC
equipment (oripnally opumized for high cfficiency m
removing sensible heat loads) to remove high moisture
loads.*

To sssisi coolng equipment and meet the challenge of
larger ventilabon loads, several tochnologees have succoeded
i commercial builldings, Newer technologies such & sabeool
rebeat and best pipe rehesl show promise. These Bicrease
latent capacity of coolmg-based systems by reducing their wen-
sible capacity. Ao, desiccant wheels have traditionally pio-
vided deeper-drying capacity by wing thermal enerngy in place
of elecirical power 1o remove the lalent load -

Regardiess of what mix of iechnologics 1 best for a partic-
ular application, there is & need for & more effective way of
thinking about the cooling loads created by vemtilation air. Ui
clear from the literature that all-1oo-frequently, HYAC syviems
do not perform well unless the ventilaton air losds have been
effectively addressed 2t the onginal design stage ' * Thas am-
cle proposes an engineering shonhand, an annual load index
for ventilation sir This index will sid in the complex process
of improving the ability of HVAC syuiems to deal efliciently

e —— e &

Dean Plager is senior analyst st Quantitative
port, Portimouth, % H. He sl sdunct profeisor of quants-
mtive smalysin af the Whitlemore School of Busisews
Adminstrstion o the University of New Hampsbare,
Doagles Kewr o pascipal prodiss developresl manager a2
ihe Cins Rescarch tnsistute, Chicago. His primary responshility
is developenonl of gaa-driven sir cestment wchaologies jor
omemaereial bnldemgs
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Fig. 1: Map of Ventilation Lood Indexes (WLI) for selected
lecotions

with the amount of fresh air the industry has deemed el for
maintaming comfor m buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
555 by one cubsc fool per mingle of fresh air
brought from the weather to space-aeutral conditions over the
course of one year. |1 conxists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
mcars that the total annual latent load is 6. 7 1on-hours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparsons between wumslar items. In the
wme way, the ventilation load mdex allows for guick compar-

isons between loads in different geographic locations.

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mﬂ:tmmuﬂhm:’n} kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culstion is made for every hour of the yeas One must also
docide what values o use for “space-neutral™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
peutral” conditions are defined & T5°F (24°C), 30% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
repiesent values consmtent with huarnan coenfort research fingd-
ings. This st point i o the middle of the combined summer
and winter comiion rones with respect to dry bulb temperature

ASHRAE Journal a7

Control
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The ANNUAL ventilation DH load is much larger than the
ventilation cooling load
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Fig. 1: Map of Ventilation Lood Indexes (WLI) for selected
lecotions

with the smount of fresh sir the industry has deemed  weiul for
maintaming comfor in buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral coaditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
isons between loads in different peographic locations

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mwwmhqu kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culation is made for every bour of the yeas Ooe must alwo
decide what values 1o use for “space-neutral ™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
represent values consistent with hurnan comfort research find-
ings. This st point i o the middle of the combined summer
and winter comiion rones with respect to dry bulb temperature
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Cumulative Dehumidification & Cooling Loads
from Ventilation Air
Latent + Sensible Ton-Hours per scfm per year

B ( atent ton-hrs per scim per year
[ ] Sensible ton-hrs per scim per year

5 10 15 20 25
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with the smount of fresh sir the industry has deemed  weiul for
maintaming comfor in buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral coaditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
isons between loads in different peographic locations

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mwwmhqu kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culation is made for every bour of the yeas Ooe must alwo
decide what values 1o use for “space-neutral ™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
represent values consistent with hurnan comfort research find-
ings. This st point i o the middle of the combined summer
and winter comiion rones with respect to dry bulb temperature
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Cumulative Dehumidification & Cooling Loads

Latent + Sensible Ton-Hours per scfm per year

10

from Ventilation Air

B ( atent ton-hrs per scim per year
[ ] Sensible ton-hrs per scim per year

25

Cooling
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ventilation cooling load
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concem stema from indoor air quality problems associated
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removing sensible heat loads) to remove high moisture
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i commercial bulldings, Newer technologies such & sabeool’
rebeat and best pipe rehesl show promise. These Bicrease
latent capacity of coolmg-based systems by reducing their wen-
sible capacity. Ao, desiccant wheels have traditionally pio-
vided deeper-drying capacity by wing thermal enerngy in place
of elecirical power 1o remove the lalent load -

Regardiess of what mix of iechnologics 1 best for a partic-
ular application, there is & need for & more effective way of
thinking about the cooling loads created by vemtilation air. Ui
clear from the literature that all-1oo-frequently, HYAC syviems
do not perform well unless the ventilaton air losds have been
effectively addressed 2t the onginal design stage ' * Thas am-
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with the smount of fresh sir the industry has deemed  weiul for
maintaming comfor in buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral coaditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
isons between loads in different peographic locations

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mwwmhqu kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culation is made for every bour of the yeas Ooe must alwo
decide what values 1o use for “space-neutral ™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
represent values consistent with hurnan comfort research find-
ings. This st point i o the middle of the combined summer
and winter comiion rones with respect to dry bulb temperature
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The ANNUAL ventilation DH load is much larger than the
ventilation cooling load
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inety-five years since Willis Camier began the modern

era of air condiboning by dehumidifying a printing
plant, our industry s becoming more concemed wilh [he
imporiance of controlhing humidity 1 buildings. In part, this
concem stema from indoor air quality problems associated
with excess moisture in mr-conditioning systems. Bul more
universally, the noed for ventilastion sir has forced HVALC
equipment (oripnally opumized for high cfficiency m
removing sensible heat loads) to remove high moisture
loads.*

To sssisi coolng equipment and meet the challenge of
larger ventilabon loads, several tochnologees have succoeded
i commercial bulldings, Newer technologies such & sabeool’
rebeat and best pipe rehesl show promise. These Bicrease
latent capacity of coolmg-based systems by reducing their wen-
sible capacity. Ao, desiccant wheels have traditionally pio-
vided deeper-drying capacity by wing thermal enerngy in place
of elecirical power 1o remove the lalent load -

Regardiess of what mix of iechnologics 1 best for a partic-
ular application, there is & need for & more effective way of
thinking about the cooling loads created by vemtilation air. Ui
clear from the literature that all-1oo-frequently, HYAC syviems
do not perform well unless the ventilaton air losds have been
effectively addressed 2t the onginal design stage ' * Thas am-
cle proposes an engineering shonhand, an annual load index
for ventilation s This index will sid in the complex process
of improving the ability of HVAC syuiems to deal efliciently

Adminstrstion o the University of New Hampsbare,
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is developenonl of gaa-driven sir cestment wchaologies jor
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Fig. 1: Map of Ventilation Lood Indexes (WLI) for selected
lecotions

with the smount of fresh sir the industry has deemed  weiul for
maintaming comfor in buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral coaditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
isons between loads in different peographic locations

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mwwmhqu kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culation is made for every bour of the yeas Ooe must alwo
decide what values 1o use for “space-neutral ™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
represent values consistent with hurnan comfort research find-
ings. This st point i o the middle of the combined summer

" and winter comfort rones with respect to dry bulb temperature
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imporiance of controlhing humidity 1 buildings. In part, this
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with excess moisture in mr-conditioning systems. Bul more
universally, the noed for ventilastion sir has forced HVALC
equipment (oripnally opumized for high cfficiency m
removing sensible heat loads) to remove high moisture
loads.*

To sssisi coolng equipment and meet the challenge of
larger ventilabon loads, several tochnologees have succoeded
i commercial bulldings, Newer technologies such & sabeool’
rebeat and best pipe rehesl show promise. These Bicrease
latent capacity of coolmg-based systems by reducing their wen-
sible capacity. Ao, desiccant wheels have traditionally pio-
vided deeper-drying capacity by wing thermal enerngy in place
of elecirical power 1o remove the lalent load -

Regardiess of what mix of iechnologics 1 best for a partic-
ular application, there is & need for & more effective way of
thinking about the cooling loads created by vemtilation air. Ui
clear from the literature that all-1oo-frequently, HYAC syviems
do not perform well unless the ventilaton air losds have been
effectively addressed 2t the onginal design stage ' * Thas am-
cle proposes an engineering shonhand, an annual load index
for ventilation s This index will sid in the complex process
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Fig. 1: Map of Ventilation Lood Indexes (WLI) for selected
lecotions

with the smount of fresh sir the industry has deemed  weiul for
maintaming comfor in buldmgs *

The proposed “ventilation load wdex™ (VL) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral coaditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
isons between loads in different peographic locations

Latent vi. Sensible Ton-hours per SCFM per Yeor

To calculate the index for a given location, one must com-
mwwmhqu kevels in the weather 1o the
temperature and bumidity in the conditioned space. Then a cal-
culation is made for every bour of the yeas Ooe must alwo
decide what values 1o use for “space-neutral ™ iemperature and
humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
represent values consistent with hurnan comfort research find-
ings. This st point i o the middle of the combined summer

" and winter comfort rones with respect to dry bulb temperature
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era of air conditioning by dehumidifying a printing
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imporiance of controlhing humidity 1 buildings. In part, this
concem stema from indoor air quality problems associated
with excess moisture in mr-conditioning systems. Bul more
universally, the noed for ventilstion mir has forced HVAC
equipment (oripnally opumized for high cfficiency m
removing sensible heat loads) to remove high moisture
loads.*

To sssisi coolng equipment and meet the challenge of
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i commercial bulldings, Newer technologies such & sabeool’
rebeat and best pipe rehesl show promise. These Bicrease
latent capacity of coolmg-based systems by reducing their wen-
sible capacity. Ao, desiccant wheels have traditionally pio-
vided deeper-drying capacity by wing thermal enerngy in place
of elecirical power 1o remove the lalent load -

Regardiess of what mix of iechnologics 1 best for a partic-
ular application, there is & need for & more effective way of
thinking about the cooling loads created by vemtilation air. Ui
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with the smount of fresh sir the industry has deemed  weiul for
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The proposed “ventilation load index™ (VLI) is the total
load by one cubic fool per minuie of fresh air
brought from the weather to space-neutral conditions over the
ocourse of one year. |1 consists of two numbers, scparating the
load into its dehumidification and cooling components: Latent
ton-howrs per cfm per year and sensible ton-bours per cfm per
year. For example, & ventilation air load index of 6.7 + 1.1
micars that the total annual latent load is 6.7 ton-baours per cfm,
and the annual senaible load is 1.1 ton-hours per cfm

The “VLI™ is proposed in the same spinit that led 1o the use
of the “degree-day™ a3 shorthand for expressing heating and
cooling loads on the envelope of a building, or the SEER s a
means of expressing the relative efliciency of cooling egusp-
mend over tEne. Those engmmecning shosthand valoes reduce
greal complexity to umple terma. Althosgh they cannot
replace detailed examination of the phenomena they repreaent,
they allow rapid comparisons between simslar itema. In the
wme way, the ventilation load mdex allows for guick compar-
sofis between loads i differen peographic |ocations
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humidity set points to compare with the weather conditions.
In calculsting the indexes contarned ia this arocle, “space-
neutral” conditions are defined as T3°F (24°C), 50% rh (63 g/
B[ 39 g/ 45 kgl). One could equally choose different st points
for specialty apphications, but 75°F (24°C), 50% rh scems o
repiesent values consmtent with huarnan coenfort research fingd-
ings. This st point i o the middle of the combined summer
and winter comiion rones with respect to dry bulb temperature
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Now.. let’s look at DH loads in tight houses
Non-ventilated new houses - South Florida

4,240 ft2 5 Bedrooms + 5 Bathrooms

FAMILY )
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L LB & 9 Mook

First Floor .......coovee. 2,014
Second Floor............. 2,226

Total Living ............... 4,240

Mechanical closet
located on the 2" floor
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Measuring dehumidification in real time
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Outdoors - Condensate sensor
Tipping-bucket-type
(0.00474 Ib of water per bucket tip)
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Wireless sensor-transmitter
Alr Temperature + Dew Point
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Wireless sensor-transmitter
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Wireless sensor-transmitter
Alr Temperature + Dew Point

Wireless sensor
(8-yr lithium battery)

Sensor on the circuit board is

exposed to air on the underside
Air Temp + RH
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Wireless sensor-transmitter
Alr Temperature + Dew Point

Wireless sensor
(8-yr lithium battery)

Sensor on the circuit board is
exposed to air on the underside

Air Temp + RH

Sensor hangs from a wire hook on
the inside of the air ducts

40 Years Of Humidity Control
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Measuring real-time dehumidification
Tipping-bucket rain gauge and wireless pulse-counter

40 Years Of Humidity Control
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Measuring real-time dehumidification
Tipping-bucket rain gauge and wireless pulse-counter
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Important fact! To make air DRY...
..the supply dew point must be lower than the return.

40 Years Of Humidity Control
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Important fact! To make air DRY...
..the supply dew point must be lower than the return.

Supply air dew point must

he lower than...

| ~\.

\ | d
I |

40 Years Of Humidity Control
Summer Camp - Westford 2019

28



Important fact! To make air DRY...

..the supply dew point must be lower than the return.

Supp

y alr dew point must

he lower than...

.. the dew point of the
return air
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Real-time dew points
Return (Blue) v. Supply (7« ow)

~ Last Hour @ Last Day  Last Week ' Last Month  Last3 Months  Last6 Months ' Last Year  All Readings
Averaging: raw data, no avg + StartDate: 3/31/2016 06 : 58 EndDate: 4/1/2016 06 : 58

R —

L |

Legend left axis ' |
~== DP(F) : 2A- AHU2-R. | I| 1 ||| |
DP{'F) : 23A - AHU2 - 5. - - l i ]
IRl ISR RRNAARAR T
I 5 -1 {!I 1 g M { |
bP’[’F}:ﬂ-Mlﬂ-W{‘E:ﬂﬁ-N‘IU!-Bﬁ]
min 57.80 53.30
max 67.20 67.70
diff E..4D 14.40

Automatic Refresh

F650379 23A - AHU1 - SA
40 Years Of Humidity Control ' |
Summer Camp - Westford 2019




Real-time dew points
Return (Blue) v. Supply (7« ow)

Last Hour @ Last Day = Last Week Last Month Last3 Months Last 6 Months  Last Year  All Readings
Averaging: raw data, no avg + Start Date: 3/31/2016 06 : 58 EndDate: 4/1/2016 06 : 58
I Show values — Enable Recenter  Enable Tool Tips
] i ] U
| A 7 T%; R q%ﬁ’i%{ i ]
L VL T AT Ri R AL I OR8] :
. RESLY R T —— . - ———
P ! 'l TIRLR
M |
Legend left axs T W
—- DP(F): 204- AHUZ-R. | 1 l|||
—=— DP{"F) : 23A - AHU2 - 5. || - i :| l| — | l] | |
'J,‘[ h 'J'IJ'JJ : s 1=- | | l F
| T 1T
. l{ ﬂ | |
= ; :
DP(°F) : 23A - AHU2 - RADP(°F) : 23A - AHUZ - SA|
min 57.80 53.30
max| 67.20 67.70
diff 9.40 14.40
~ Automatic Refresh
i RA F B
F650379 23A - AHU1 - SA “T(°F) ~ %RH |/
40 Years Of Humidity Control Sl e E : : W
Summer Camp - Westford 2019
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Cooling systems do NOT always dry the air!

40 Years Of Humidity Control
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Cooling systems do NOT always dry the air!
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Cooling systems do NOT always dry the air!
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Still.. cooling is not bad... if it's SMALL and runs a lot

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

Legend right as

=== 10tal: 32) -DH - COND

—=— total : 32J - AHU1T -CO_
=== total : 32J -AHU2 -CO.

total : 32J - DH - COND}total : 32J - AHU1 - COND}total : 32J - AHU2 - COND

min 140.70 293.00 372.90
max| 440.20 583.80 865.40
diff 299.50 290.80 492.50

40 Years Of Humidity Control
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Still.. cooling is not bad... if it's SMALL and runs a lot

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

| $ sichi me
=== 10tal: 32) -DH - COND

—=— total : 32J - AHU1T -CO_
== total - 32J) -AHU2Z -COL

total : 32J - DH - COND}total : 32J - AHU1 - COND}total : 32J - AHU2 - COND

140.70

293.00

372.90

440.20

583.80

865.40

diff

299.50

290.80

492.50
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492 lbs of water
removed
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Still.. cooling is not bad... if it's SMALL and runs a lot

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

Legend right as
== 1088l - 32J-DH - COND
—— total © 32J - AHU1 -CO_.
=== total - 32J -AHUZ -CO

total : 32J - DH - COND}total : 32J - AHU1 - COND}total : 32J - AHU2 - COND

min 140.70 293.00 372.90
440.20 583.80 865.40
diff 299.50 290.80 492.50
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Still.. cooling is not bad... if it's SMALL and runs a lot

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

Legend right as
== 1088l - 32J-DH - COND
—— total © 32J - AHU1 -CO_.
=== total - 32J -AHUZ -CO

total : 32J - DH - COND}total : 32J - AHU1 - COND}total : 32J - AHU2 - COND

min 140.70 293.00 372.90
440.20 583.80 865.40
diff 299.50 290.80 492.50

Supplemental DH Unit AHU-2

492 lbs of water
removed

300 Ibs of water
removed
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But whoal.. Total DH load in this NON-ventilated house?

Supplemental DH Unit AHU-2
300 lbs of water 492 |bs of water

removed removed

40 Years Of Humidity Control
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:

Supplemental DH Unit
300 lbs of water 492 |bs of water

removed removed
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:
AHU1 = 290 lbs

[ kotal : 32J - DH - CONDRotal : 32 - AHU1 - COMD#lotal : 32J - AHUZ2 - COND!
140.70 283.00 ar2.e0
44020 S583.80 BES.40
482.50

AHU-2

Supplemental DH Unit
300 Ibs of water
removed

492 |bs of water
removed
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:
AHU1 = 290 lbs
AHU2 = 492 |bs

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

[ kotal : 32J - DH - CONDRotal : 32 - AHU1 - COMD#lotal : 32J - AHUZ2 - COND!
min 140.70 283.00 ar2.e0

Td BES. 40
482.50

Supplementa | DH Unit AHU-2

492 |bs of water
removed

300 Ibs of water
removed
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:
AHU1 = 290 lbs
AHU2 = 492 |bs

DH = 300 lbs

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

[ kotal : 32J - DH - CONDRotal : 32 - AHU1 - COMD#lotal : 32J - AHUZ2 - COND!
min 140.70 283.00 ar2.e0

Td BES. 40
dift 482.50

AHU-2

492 |bs of water
removed

300 Ibs of water
removed

40 Years Of Humidity Control
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:
AHU1 = 290 lbs
AHU2 = 492 lbs

DH = 300 lbs

Total = 1082 lbs

Average Sensor Values from 5/20/2016 6:00:00 PM to 6/4/2016 6:00:00 PM using hourly averages

372.80
BES.40
49250

Supplemental DH Unit AHU-2

492 |bs of water
removed

300 Ibs of water
removed

40 Years Of Humidity Control
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But whoal.. Total DH load in this NON-ventilated house?

Over 12 days:

AHU2 = 492 lbs
DH = 300 lbs

1 1 18 Total = 1082 lbs
— Daily DH Load = 90 Ibs

AHU-1 AHU-2
300 Ibs of water 290 Ibs of water 492 |bs of water
removed removed removed

40 Years Of Humidity Control
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How about houses that are not that large?....

Summer DH Loads During Three 3-day periods
Whole-house D:iT;n[;ﬂlfiz ) Hourly
Lot and Model Daily DH Load Lb H,0 * 2 of living DH Load

Ib H20 / 24 hours space Ib/h

Lot 21H - 2-Story 55.1 0.021 | 2.3

Lot 8J - 1-Story 54.9 0.020 2.3

Lot 1T - 2-Story 64.0 0.015 2.7

Lot 32J - 2-Story 78.9 0.019 3.3

Lot 35G - 2-Story 84.3 0.020 | 3.5

Lot 43G - 2-Story 94.7 0.022 3.9

Lot 3H - 1-Story 53.0 0.016 | 2.2

Values are based on average condensate during nine days, measured over three sets of three 24-hour periods.

Dates of these three periods vary by house, because houses did not have condensate data available at all times.

40 Years Of Humidity Control
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How about houses that are not that large?....

Summer DH Loads During Three 3-day periods

Normalized
Lot and Model Dtnglgg?.?; LI:? :'g Df:: ;?:ﬂg Dl-lllﬂtggd

Ib H20 / 24 hours space Ib/h
Lot 21H - 2-Story 65.1 0.021 2.3
Lot 8J - 1-Story 54.9 0.020 2.3
Lot 1T - 2-Story 64.0 0.015 7 4
Lot 32J - 2-Story 0.019 3.3
Lot 35G - 2-Story 0.020 3.5
Lot 43G - 2-Story 0.022 3.9
Lot 3H - 1-Story 0.016 2.2

Values are based on average condensate during nine days, measured over three sets of three 24-hour periods.
Dates of these three periods vary by house, because houses did not have condensate data available at all times.
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Now add ventilation in South Florida (AsHRAE std 62.1-2017)

Measured DH Loads PLUS ASHRAE Std 62.2 Ventilation (Florida)

3318 ft2, 4 bedrooms

New 62.2
: Total current +
Lot, living space and e | Yeeaton D Load | s imetion
s
HRCIROMS Ib H20 / 24 hours 75° dpt Outdoors vs. LbD}!l-i CIJ- ?:fﬁ
55°F dpt Indoors - i
Lot 21H - 1-Story 55.1 113.7 168.8
2677 ft2, 3 bedrooms
Lot 8J - 1-Story 54.9 113.7 168.6
2677 ft2, 3 bedrooms
Lot 1T - 2-Story 64.0 177.8 241.8
4240 ft2, 5 bedrooms
Lot 32J - 2-Story 78.9 177.8 256.7
4240 ft2, 5 bedrooms
Lot 35G - 2-Story 84.3 177.8 262.1
4240 ft2, 5 bedrooms
Lot 43G - 2-Story 94.7 177.8 272.5
4240 ft2, 5 bedrooms
Lot 3H - 1-Story 53.0 141.6 194.6

40 Years Of Humidity Control
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Now add ventilation in South Florida (AsHRAE std 62.1-2017)

Measured DH Loads PLUS ASHRAE Std 62.2 Ventilation (Florida
New 62.2
4 Total current +
Lot, living space and 0urreDn': t‘l::dsured Venlt_léa:li%n mﬁi;‘md new ventilation
2
BRGIDOme Ib H20 / 24 hours 75° dpt Outdoors vs. LbD}!l-i CIJ- ?:fﬁ
55°F dpt Indoors - i
Lot 21H - 1-Story 55.1 113.7 168.8
2677 ft2, 3 bedrooms
Lot 8J - 1-Story 54.9 113.7 168.6
2677 ft2, 3 bedrooms
Lot 1T - 2-Story 64.0 177.8 241.8
4240 ft2, 5 bedrooms
Lot 32J - 2-Story 78.9 177.8 256.7
4240 ft2, 5 bedrooms
Lot 35G - 2-Story 84.3 177.8 262.1
4240 ft2, 5 bedrooms
Lot 43G - 2-Story 94.7 177.8 272.5
4240 ft2, 5 bedrooms
Lot 3H - 1-Story 53.0 141.6 194.6
3318 ft2, 4 bedrooms
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Geography dictates the annual hours of ventilation DH load
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Finally... the importance of keeping UN-OCCUPIED buildings DRY

Henryville - Southern Indiana
Indoor Condensation
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Finally... the importance of keeping UN-OCCUPIED buildings DRY

74

School in Houston (After Summer Vacation)

Henryville - Southern Indiana
Indoor Condensation
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Finally... the importance of keeping UN-OCCUPIED buildings DRY

s Elementary school closed over mold contamination | NJ.com.pdf
a Monroe Township, Gloucester County, NJ school closes after mold report.pdf
|

School humidity & mold investigation report 10-17.pdf
Lawrence, MA - Guilmette School mold lawsuit advances | News | eagletribune.com.pdf

N oo o L. o il il oo bl i et B VLT | mmem] Rlmasem | el oo ol
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Clark County elementary school buildings closed indefinitely due to mold issues

) Recommend E] 2 recommendations. Sian Un ta see what vour friends recommend.

‘My breathing was challenged,’ admits Marlboro County
Posted: Aug 15, 2011 400 PMeoT  SUPerintendent of mold issue

By Teresa Galasso (hitp:
Published: November 7, 2017, B:39 am | Updated: November 7, 2017, 10:40 am

Henryville - Southern Indiana
Vil . Indoor Condensation

Councilman wants cc , _ _

Crews work to remov A fl il J 1 -
Croton-Harmon's Tor 3 Jj. :l ' i
Dallas Post | Dallas E - LU l
Database/ What Brov | ; _ |
District scrambling tc " ", l' “—- II

Durant High students .
E. Moline superintent |

East Aurora High Sch :

East Pennsboro sche T

East Pennsboro scho f DR. JOHN LANE | ., B
Enola PA - High Sche Bl T o e e T s W«

Farmington New Mex oy IrI ‘

First day of school cz

Former custodian/ M 3 6

= Governor Hogan que
B Henryville School 8-1
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MARLBORO, 5C (WBTW) - The Marlboro County School Board met Monday night to discuss ongoing mold problems in
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The importance of keeping UNOCCUPIED buildings dry
More examples....
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The importance of keeping UNOCCUPIED buildings dry
More examples....
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The importance of keeping UNOCCUPIED buildings dry
More examples....

Occupied VACANT Occupied Occupied
and cold and filled and cold and cold
with high
dewpoint
air

March 2009
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The importance of keeping UNOCCUPIED buildings dry
More examples....

March 2016

dewpoint
air

i
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RH (of the air) is not a reliable indicator of risk
Control the dew point

40 Years Of Humidity Control
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RH (of the air) is not a reliable indicator of risk
Control the dew point

\ ¥

e, —

Growing mold because the air
DEW POINT temperature is so

close to the SURFACE
TEMPERATURE

(18°C dew point v. |9°C Surface)
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RH (of the air) is not a reliable indicator of risk
Control the dew point

Air
54% RH

Growing mold because the air
DEW POINT temperature is so

close to the SURFACE
TEMPERATURE

(18°C dew point v. |9°C Surface)
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RH (of the air) is not a reliable indicator of risk
Control the dew point

Air
54% RH

Surface
95% RH

Growing mold because the air
DEW POINT temperature is so

close to the SURFACE
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(18°C dew point v. |9°C Surface)
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RH at the surface is not the same as RH in the air
Control the dew point
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Control the dew point
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Sensor |.
RH in the air
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RH at the surface
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RH at the surface is not the same as RH in the air

Control the dew point

-

N

-
Sensor |.

RH in the air
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Sensor 2.

RH at the surface

Average Sensor Values from 6/21/2016 12:14:00 PM to 6/26/2016 12:14:00 PM using hourly averages

Legend right aas

%RH:LOT 435 -8aWW

MECHAMICAL
%R LOT43G-3T-
RH ZND.

%RH : LOT 43G - 8 aW MECHANICAL CLOSET - ATTIC - STOP 9/13%RH : LOT 43G - 3 T-RH 2ND FLOOR HALLWAY - STOP 9/13

min 70.90 55.00
max 83.90 65.50
diff 13.00 10.50
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RH at the surface is not the same as RH in the air

Control the dew point
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Sensor |.

RH in the air
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Sensor 2.

RH at the surface

Air
58% RH

\

Average Sensor Values from 6/21/2016 14:00 PM to 6/26/2016 12:14:00 PM using hourly averages

Legend right aas

RHLOT 438 -8aW

MECHAMICAL
L %RH:LOT43G.3T-
RH ZND.

%RH : LOT 43G - 8 aW MECHANICAL CLOSET - ATTIC - STOP 9/13%RH : LOT 43G - 3 T-RH 2ND FLOOR HALLWAY - STOP 9/13

min

70.90

55.00

83.90

65.50

diff

13.00

10.50
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RH at the surface is not the same as RH in the air

Control the dew point

-

-
Sensor |.

RH in the air
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Sensor 2.

RH at the surface

Air
58% RH

Average Sensor Values from 6/21/2016

Surface
79% RH

14:0( M to 6/26/2016 12:14:00 PM using hourly averages

T bt
.”:\. s

.....
e
- r

L %RH:LOT43G.3T-

Legend night axis
%RH: LOT 435-8aW
MECHANICAL

RH 2ND.

%RH : LOT 43G - 8 aW MECHANICAL CLOSET - ATTIC - STOP 9/13%RH : LOT 43G - 3 T-RH 2ND FLOOR HALLWAY - STOP 9/13

min
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diff
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RH at the surface is not the same as RH in the air
Control the dew point
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RH at the surface is not the same as RH in the air

Control the dew point

7

62°F [18.3°C] A
rh over 100% »

67°F [ 19.4°C] rh over 90% ®
70°F [ 21°C] rh over 80% ®
75°F | 24°C) rh over 70% ®

At the thermostat the air is 78°F [25.5°C] and 65% rh... &-

..no indication of the real problem, which is happening at the cooler surfaces
because the dew point is so high (65°F [18.3°C])

40 Years Of Humidity Control
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® \When the air dew point is 65°F [18.3°C]
If the surface temperature is 62°F [16.7°C),
then the surface rh is over 100% o
.. $0 moisture is condensing

|

-~

o
_~" Surface Temperature —

62°F

[18.3°C}

/ 90% rh

4

p

65% rh

Air = 65% rh

2 Air Temperature

18°F 25.5°C]
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RH at the surface is not the same as RH in the air
Control the dew point

90% rh
® When the air dew point is 65°F [18.3°C]. 65% rh

If the surface temperature is 62°F [16.7°C),
D i il Ninlde
/]

...then the surface rh is over 100% »
... $0 moisture is condensing

-
-

¢ e
62°F [18.3°C) A
rh over 100% o—
67°F [ 19.4°C] rh over 90% | 8
70°F [ 21°C] rh over 80% ® - ¢ $

15°F [ 24°C] rh over 70%

At the thermostat the air is 78°F [25.5°C] and 65% rh... &

..no indication of the real problem, which is happening at the cooler surfaces
because the dew point is so high (65°F [18.3°C])
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Institutional/Commercial Buildings

DOAS can keep them DRY
during UN-occupied hours
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Institutional/Commercial Buildings

DOAS can keep them DRY
during UN-occupied hours
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&c abc27.com

i NEWS v WEATHER v INVESTIGATORS v SPORTS v HEALTH v COMMUNITY v GOODI

Schools prevent mold over summer break

Q0

Schools prevent mold over summer break el

00:00/00:15 B8 Q

ENOLA, Pa. (WHTM) - Midastate school districts have plans in place to avoid mold

growth in their buildings during the summer break.
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Institutional/Commercial Buildings

DOAS can keep them DRY
during UN-occupied hours

DOAS
Dedicated Outdoor Air System

Ventilation Air -K ?

Dry Supply Air

Dry Ventilation Air
Deliver air below the |
dew point desired in
the space so the

supply air can absorb | : 3 Humidity Control
: 1 1A ; : Dew Point is
thellntenllai [ loaass: | sty s ML e e Ty
maintaining control. \ ——— 65 gr/lb [9.2 g/kg]
)
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&c abc27.com

i NEWS v WEATHER v INVESTIGATORS v SPORTS v HEALTH v COMMUNITY v GOODI

Schools prevent mold over summer break

By @ @ @

Schools prevent mold over summer break el

00:00/00:15 B8 Q Fy

ENOLA, Pa. (WHTM) - Midastate school districts have plans in place to avoid mold

growtnh in their buildings during the summer break. “3



What to DO, exactly?
Ventilation and DH that keeps buildings dry—ALL THE TIME
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What to DO, exactly?
Ventilation and DH that keeps buildings dry—ALL THE TIME

Commercial-Institutional Buildings - DOAS

DOAS
Dedicated Outdoor Air System

Ventilation Air -.\
: Dry Supply Air

Dry Ventilation Air—_
Deliver air belowthe N
dew point desired in k
the space so the
supply air can absorb

the internal DH loads, \ \ 2 satane el g;vFv P10mtu::s
maintainin g control. X e 65 gr/1b [9.2 g/kgl
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Ventilation Air -.\
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5 %w Supply Air
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What to DO, exactly?
Ventilation and DH that keeps buildings dry—ALL THE TIME

Commercial-Institutional Buildings - DOAS

DOAS Dedicated Outdoor Air System (DOAS)

Dedicated Outdoor Air System

- | >
? N <
%w% ’ 1

Ventilation Air

Dampers

Open the return air and close off ventilation
air when the building is not occupied

Dry Ventilation Air—_
Deliver air belowthe |
dew point desired in |
the space so the
supply air can absorb Humid

ew Point is

the.mte.arr.lal DH loads, N\~ : = — — - 55°F [128°C]
maintaining control. R 65 gr/lb [9.2 g/kg])

AN,

Humidity Control

IF'"F-H - T -

il it - il - i i .. —

S S TR

Return air connection to the ventilation DH unit
to recirculate and dry the return air after hours and during
vacations
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Residential ventilation and dehumidification (Andy Ask)

Separate equipment and controls for Cooling, Ventilation and Dehumidification
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Residential ventilation and dehumidification (Andy Ask)

Separate equipment and controls for Cooling, Ventilation and Dehumidification

O, T. Epu —pgem( cruamay)

@ ﬁ <& VERuMIDIEEL
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Residential ventilation and dehumidification (Andy Ask)

Separate equipment and controls for Cooling, Ventilation and Dehumidification

- o.NT. epu —em( cprusimay)
(F_“':_ @m <& VERuMIDIEEL
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Residential ventilation and dehumidification (Andy Ask)

Separate equipment and controls for Cooling, Ventilation and Dehumidification

O N T. et —pem( cpusiay)

o . cv—~—=1. < VBHuMIDIZEL
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Residential ventilation and dehumidification (Andy Ask)

Separate equipment and controls for Cooling, Ventilation and Dehumidification

— gem ( cpuB iy )

<& D BHRUMIDIEETL
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SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”
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1. Build air-tight insulated enclosures with great windows.
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SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”

1. Build air-tight insulated enclosures with great windows.
2. Dry the ventilation air, using ASHRAE peak dew point design

data to size the ventilation dehumidifier.
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SUMMARY...
“Secret Guide to Humidity Control and Mold Avoidance”

1. Build air-tight insulated enclosures with great windows.
2. Dry the ventilation air, using ASHRAE peak dew point design
data to size the ventilation dehumidifier.

3. STOP ventilation + exhausts when nobody’s in the building.
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SUMMARY...
“"Secret Guide to Humidity Control and Mold Avoidance

ry

1. Build air-tight insulated enclosures with great windows.

2. Dry the ventilation air, using ASHRAE peak dew point design
data to size the ventilation dehumidifier.

3. STOP ventilation + exhausts when nobody’s in the building.

4. Keep unoccupied buildings DRY (not cool) by recirculating

and operating the ventilation dehumidifier.
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