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Section 1 of 6

Examples of Real-world
Humidity Problems




Great Clinic building, great HVAC system... So
why did it grow mold 3 times in five years?
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School - Plenty of system capacity!... Why mold?

Photograph 1: Mold growth on classroom wall afier 72 hours.
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New training building and new HVAC equipment...

Why mold and equipment failures?
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S6 Million new home, state-of-the-art HVAC...
Why is humidity over 65% RH?
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S6 Million new home, state-of-the-art HVAC...
Why is humidity over 65% RH?
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Common elements of these three problems
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Common elements of these three problems

e All desighed by experienced professionals
e Humid ventilation & makeup air (No DOAS)

e All added extra COOLING - instead of dedicated
dehumidification

e Problems originate in UNOCCUPIED mode
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Section 2 of 6

Understanding RH, dew
point and mold growth




Understanding mold growth in buildings

Mold only cares about moisture in it’s food - not RH

Hyphae grow thickly, digging into the
surface and forming a protective mat
{rycelium) that keeps the surface moist
even If surrounding air is dry.

Moist food source

spore lands on a moist surface

Enzymes use surface moisture to
dissolve food

» The mold grows conidia, which
Spore germinates, producing filaments thyphae) generate and release spores t

Hyphae extend both reach and area of absorptive
surface. Fungal metaholism generates more
surface moisture to accellerate growth.
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RH in the air.. vs. RH at the surface

90% rh

65% rh

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
... S0 moisture is condensing

Air=65% rh

62°F [18.3°C] T

rh over 100%
| Surface Temperature Air Temperature
67°F [ 19.4°C] rh 90% A
{1847 over 0% N 62°F [18.3°C) 78°F [255°C)
L 70°F [ 21°C] rh over 80% ® T

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])
T
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Moldy building example
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Moldy building example

B S P e S A

54% rh... should be no problem!
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Moldy building example

Problem: the 18° dew point is close
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Mold growth is greatest on coldest surfaces
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The building and it’s HVAC are a single system
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The building and it’s HVAC are a single system
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The building and it’s HVAC are a single system

e Cannot understand one, without understanding
the other.

e The HVAC system and the building enclosure
interact in strange—and important—ways.

e Successful humidity control troubleshooting
demands an INTEGRATED investigation...

e NOT separate investigations for building and HVAC!
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The voice of experience...
Don Gatley, PE, Life Member and Fellow ASHRAE

79 moisture investigations in 25 years

Understanding Psychrometrics

e 40% hotel and nursing homes

e 40% apartments, condos and houses
o 20% other

ALL except four were caused by BUILDING SUCTION and/or
EXCESS HUMIDITY IN ventilation and makeup air:

Diagnosing and Fixing Humidity Control Problems in Real-world Buildings
Dayton ASHRAE Chapter - March 2014




The voice of experience...
Don Gatley, PE, Life Member and Fellow ASHRAE

79 moisture investigations in 25 years

Understanding Psychrometrics

e 40% hotel and nursing homes

e 40% apartments, condos and houses

i Psychrometric

:" 5 Chartcelebrates @ e 20% other

U5 100 Anniversary

ALL except four were caused by BUILDING SUCTION and/or
EXCESS HUMIDITY IN ventilation and makeup air:

e Too much exhaust (NOT ENOUGH dry makeup air)

Diagnosing and Fixing Humidity Control Problems in Real-world Buildings
Dayton ASHRAE Chapter - March 2014

15
of 47




The voice of experience...
Don Gatley, PE, Life Member and Fellow ASHRAE

79 moisture investigations in 25 years

Understanding Psychrometrics

e 40% hotel and nursing homes

e 40% apartments, condos and houses

i Psychrometric

:" 5 Chartcelebrates @ e 20% other

U5 100 Anniversary

ALL except four were caused by BUILDING SUCTION and/or
EXCESS HUMIDITY IN ventilation and makeup air:

e Too much exhaust (NOT ENOUGH dry makeup air)

e Not enough DRYING of the makeup/ventilation air

Diagnosing and Fixing Humidity Control Problems in Real-world Buildings
Dayton ASHRAE Chapter - March 2014

15
of 47




The voice of experience...
Don Gatley, PE, Life Member and Fellow ASHRAE

79 moisture investigations in 25 years

Understanding Psychrometrics

e 40% hotel and nursing homes

e 40% apartments, condos and houses

AL/ Psychrometric
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100" Anniversary

ALL except four were caused by BUILDING SUCTION and/or
EXCESS HUMIDITY IN ventilation and makeup air:

e Too much exhaust (NOT ENOUGH dry makeup air)
e Not enough DRYING of the makeup/ventilation air

Don’s advice: MOST HUMIDITY PROBLEMS ARE SIMPLE! Don’t
overcomplicate humidity troubleshooting. Make sure the
building does not suck, and make sure the ventilation and
makeup air is dry.
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Section 3 of 5

Schools In Texas




36 School facilities near

Houston, TX

® 2006, American Socisty of Heating, d Enginesrs, Inc. Reprintad by permission
from ASHRAE Journal, (Vol. 47, No. 5, May 200). et be copi ither paper or digital form without
ASHRAE's permission.

N\ School HVAC

Lesson in Curing
Mold Problems

By Hugh McMillan, PE., Member ASHRAE, and Jim Block

large school district near coastal Texas has been having a significant problem with mold growth
Aslnce It began an upgrade to ANSI/ASHRAE Standard 62-2001, Ventilation for Acceptable Indoor
Air Quality. After the addition of 15 cfm (7 L/s) per student Into existing facilities with less than op-
timal HVAC equipment, noticeable mold growth occurred In the school facllities. Is It possible that
the upgrade In the ventilation system caused the mold growth or could operation and maintenance
Issues within the school district be the cause? This article will provide specific data on the findings
and remediation of several of the 36 facllities Involved In this Issue.

The Problem ‘were not adequxhely ldenuﬁed and coneclcd The authors”

Mold growth similar to that seen in Photograph 1 has  firm, in npany, was
erupted in the schools each summer for the past several  contracted by the school dlslmno find long-term solutions
years. The books and materials inside these clzssmcm to provide continuing relief from mold growth.

. The majority of th
O seemed to surn.v:e in late July and early August. Each sum-
mer, the school district spent hundreds of thousands of
dollars to clean the facilities.

Previously, consultants had been hired to propose so-
lutions. The approach taken each year generally treated
the symptoms but did not treat the fundamental problem.
Fach year. the mold growth would erupt and be cleaned,

id that moi: in the buildings

The Facilities

‘The 36 facilities are a cross-section of schools: 13 elemen-
tary schools, 14 middle schools and nine high schools. Many
of the mechanical systems serving the elementary schools

About the Authors
Hugh McMillan, PE. Member ASHRAE, Is senlor vice-president of HRE,
Inc. In Houston. jim Block & senior mechanical designer at HRE, Inc.

32 ASHRAE Journal ashrae.org May 2005

Photograph 1: Mold growth on classroom wall after 72 hours.

consisted of multiple air-cooled water chillers, gas-fired heating
hot water boilers and classroom two-pipe system unit ventilators
operating as fan coil units (no ventilation cycle providing free
cooling). School configurations range from classrooms with
doors that open to the outside to those with doors that open to a

conditioned corridor.
Many omne schools were renovated from 1985 to 1990. The
the water chilling equipment,

The typical system in the middle schools and high schools was
basically the same with the exception that water-cooled centrifu-
gal and/or screw compressor chillers and cooling towers were
used rather than air-cooled water chillers. Administration areas
for a majority of facilities have been provided with direct-expan-
sion stand-alone systems intended for after-hours operations.

Control systems include DDC with and without humidity
control. The basic clusmom unit wrmlalms are controlled with

it ventilators. The control

aDDC:

dmea dxgmlcon!ml (DDC)syslemswnmn the last five years.
include vari

tions of fan coil units, unit ventilators, and traditional air-handling
units. Photograph 2 is typical of how the additional outside air
was added to existing facilities. Notice the lack of any volume or
control damper. The only control damper is the 72 in. long by 4
in. wide (182 cm by 10 cm), two-position damper inside the fan
coil unit. This damper has no seals and, due to its great length,
has significant leakage.

Dedicated precooling air- handling units are not part of the
facilities. Heat transfer is accomplished via chilled water/hot
water delivered through two-pipe changeover and four-pipe
systems. Photograph 3 mdxcatu how many HVAC systems
were added long after the ori; ion of the buildings.

ule,

setpoint and changes the action of the control signal based on
the temperature of the water in the mpung system (for two-pipe
systems). Tc gy, the

during occupied hours only. The same happens with the waner
chilling plants that are de-energized at night and on weekends.

Methodology

Sampling criteria for selecting the areas to be monitored was
‘based on direct observa!lon o!ml nme condmons and past his-
toryofmold
was conducted in early May to educate staff on the new district
initiative to ensure that summer mold growth did not recur.

Piping was added and routed through areas providing the most
cost-effective solution.

May 2005

Hugh McMillan and Jim Black - ASHRAE Journal

‘humidity monitors were provided to school cus-
todians to locate potential problem areas as early as possible.
School custodians were instructed to call area supervisors

ASHRAE Journal 33

May 2005
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School problems

e Suburban school district - 36 facilities
e 13 Elementary schools
e 14 Middle schools

e 9 High schools
e Widespread mold problems (after adequate ventilation)

e $100k+ in cleaning and replacement of books and furnishings
every year

e Repeated HVAC renovations from 1985 - 2000... No effect on
problems

e Problems most apparent during late July + August
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HVAC-Envelope interaction: Mold growth on walls

Photograph 1: Mold growth on classroom wall afier 72 hours.
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Relevant facts

e Schools added ventilation to comply with ASHRAE Std
62.1-1999 (15 cfm per occupant vs. less than 5 cfm per

occupant)

e No change in HVAC configuration—just added cooling tonnage

e Ventilation air volume was random: no dampers, or fixed-position
dampers full open or closed.

e Ventilation air flow constant, even during unoccupied hours

e No ventilation air dehumidification: “...4-row fan coil in each room will
remove humidity...”

e Chilled water pipe insulation ineffective - CW temperature higher than
expected at fan coils

e Thermostat setting raised to 80°F during unoccupied hours
and vacations (To reduce energy costs)

e Neither monitoring nor control of humidity
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Humid ventilation air ducted to fan-coil units
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Problematic control when UNOCCUPIED
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Problematic control when UNOCCUPIED

e Fan coils run continuously... they pull in humid outdoor air,
keeping the indoor dew point very high during all
unoccupied hours.
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Problematic control when UNOCCUPIED

e Fan coils run continuously... they pull in humid outdoor air,
keeping the indoor dew point very high during all
unoccupied hours.

e Periodically, fan-coil valves open and units chill the walls...

then cooling (and dehumidification) stops after room falls
below 80°F.
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Problematic control when UNOCCUPIED

e Fan coils run continuously... they pull in humid outdoor air,
keeping the indoor dew point very high during all
unoccupied hours.

e Periodically, fan-coil valves open and units chill the walls...

then cooling (and dehumidification) stops after room falls
below 80°F.

e High indoor dew point + cool walls = near condensation +
moisture absorption + mold growth on interior surfaces
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Chilled walls + High Dew Point = Mold growth

Photograph 1: Mold growth on classroom wall afier 72 hours.
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Retrofit Solution
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Retrofit Solution

e Measured and reset correct ventilation air flows for each
room.
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Retrofit Solution

e Measured and reset correct ventilation air flows for each
room.

e Stopped constant supply fan operation when building
unoccupied (overnight, weekends and vacations).
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e Measured and reset correct ventilation air flows for each
room.

e Stopped constant supply fan operation when building
unoccupied (overnight, weekends and vacations).

e Installed automatic dampers which shut off ventilation air
when supply fan turns off.

e Reduced chilled water temperature to keep the supply air
dew point down to 50 - 53°F.
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Retrofit Solution

e Measured and reset correct ventilation air flows for each
room.

e Stopped constant supply fan operation when building
unoccupied (overnight, weekends and vacations).

e Installed automatic dampers which shut off ventilation air
when supply fan turns off.

e Reduced chilled water temperature to keep the supply air
dew point down to 50 - 53°F.

e Replaced chilled water line insulation to keep CW cold

enough to ensure supply air is dried to 50 - 53°F dew point.
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Section 4 of 6

Troubleshooting Sequence
and Procedures




1. Traditional troubleshooting procedure...

YES NO

[ Is It Working? —J

YES
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —J

Don't Mess With It

YES

Yes
v

NO PROBLEM!
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[— Is It Working? —]
Don't Mess With It / ‘

Yes
v

NO PROBLEM!
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —]

PN

Don't Mess With It

YES

v

~ YOu IDIOT!

Yes
v

NO PROBLEM!
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —]
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YES

v

~ YOu IpIOT
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v

NO PROBLEM!
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Don't Mess With It
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v
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v
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1. Traditional troubleshooting procedure...

YES

Don't Mess With It

v

~ YOu IpIOT

Yes
v

NO PROBLEM!
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —]

Don't Mess With It

v

~ YOu IbIOT!

Look The Other Way

Yes
v

NO PROBLEM!
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —]

Don't Mess With It

v

~ YOu IbIOT!

N
'
//\

NO
\Up

. __YES . YES /5/
> _E—: You're SCREWED! ‘—E—‘f\@/
L

N /’
.

NO
A

Look The Other Way

Yes
v

NO PROBLEM!
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1. Traditional troubleshooting procedure...

YES NO

[— Is It Working? —]

Sam

Don't Mess With It
v NO

bid
v \
~ YOU IDIOT!

\/m> s [ JS—-@M\:»

Y

l NO / \ ] NO
ik \ 7’ Look The Other Way

\‘-. /'/

Yes
v

NO PROBLEM!
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The essence of humidity control troubleshooting
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How to solve humidity control problems
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Troubleshooting sequence

1. Listen and understand the problems

2. Look at drawings, then walk though
and understand the BUILDING

3. Look at drawings, then walk though
and understand the HVAC SYSTEM

4. Measure the key variables
a. The loads

b. The dehumidification

5. Diagnose the problems... plan solutions
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MOST IMPORTANT...
Finding and understanding problems
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Finding and understanding problems

1.Interview the building occupants (in person)

a. What is the nature of the problems? Dripping?, stickiness?,
machine failure, general discomfort?

b. When do they happen, where do they happen and how long do
they last?

c. When do they NOT happen?

2.Review the building drawings. Then walk
through the building and around it, to
understand the enclosure.
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MOST IMPORTANT...
Finding and understanding problems

1.Interview the building occupants (in person)

a. What is the nature of the problems? Dripping?, stickiness?,
machine failure, general discomfort?

b. When do they happen, where do they happen and how long do
they last?

c. When do they NOT happen?

2.Review the building drawings. Then walk
through the building and around it, to
understand the enclosure.

3.Review the HVAC drawings, equipment
schedules and controls, then walk around,

to understand the DH capacity.
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Next, MEASURE loads...
..and MEASURE the dehumidification

Diagnosing and Fixing Humidity Control Problems in Real-world Buildings
Dayton ASHRAE Chapter - March 2014

31
of 47
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..and MEASURE the dehumidification

Humidity loads
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Next, MEASURE loads...
..and MEASURE the dehumidification

Humidity loads

Dehumidification

Humidity removal
Dry air flow

Controls
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Section 4 of 6

The BIGGEST Humidity Load
Ventilation Air




For most commercial buildings the humidity
biggest load is the ventilation and makeup air

Dehumidification Load Estimates For Tampa, Florida
Outdoor Dew Point Design: 85°F 144 gr/Ib [29.4°C 20.5 g/kg|

1980 | T—

S —

3,000
1130
= 900 | 2,500
2
B 680
?; 2,000 g
T 450 B
E 1500 =
230+ 2
=
1,000 —
gmall hoSD“a\
Gamb\mg cas! xhe ate 500
Nursm‘a‘“’

16 classroo™®
Military “a"ack
gwimming poo
Low-1ise \'\0“"\

Low-rise offic®
small retail

Ventilation air
" Airleaking into the building
» L. People
e Door openings
“\— Domestic loads
Humid inventory
Wet surfaces

" Vapor permeation
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To control humidity.. remove the humidity load
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To control humidity.. remove the humidity load

Newark Retail Dehumidification Load (v/h @ peak)

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

Humid Product
Damp Carpet

Permeation (Walls)

0.0 10.0 20.0 30.0 40.0 50.0

TOTAL LOAD = [JEEL 1o/, or... [E N callons/hour
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Newark Retail Dehumidification Load (v/h @ peak)

Respiration (PPL) h 14.25 |

ccupant Ventilation
Bldg. Ventilation

Infiltration (ACH Nat)

10
Door Activity
Humid Product
Damp Carpet

Permeation (Walls)

. >

0.0 10.0 20.0 30.0 40.0 50.0

TOTAL LOAD = [JEEL 1o/, or... [E N callons/hour
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Dedicated outdoor air systems (DOAS)

Dedicated Outdoor Air System

DOAS
1. Outdoor Air - 8F
1% Humidity Ratio
for DOAS design 3. Indoor conditions E
* 78° dry bulb =
2. Ventilation Dehumidification ¢ 55° dew point 2
The DOAS dries the incoming air
below the maximum indoor dew )
. . . = = = = =|= Maximum
point, so it can remove internally- Indoor Humidity
generated dehumidification loads. 55°F Dew Point
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Dedicated outdoor air systems (DOAS)

Dedicated Outdoor Air System

DOAS

-

— 80°F

1. Outdoor Air
1% Humidity Ratio
for DOAS design

3. Indoor conditions
¢ 78° dry bulb
¢ 55° dew point

Dew Point

2. Ventilation Dehumidification

TheBOAS dries the IncomtRg_air
pelow the maximum indoor dew
point, so it can remove internally-
generated dehumidification load

= = = = =|= Maximum
Indoor Humidity
55°F Dew Point
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Add return air connection for humidity control
during unoccupied hours and vacations

Dedicated Ventilation DH Unit

NS

Dampers

Open the return air and close off ventilation

N7 air when the building is not occupied

o

————— e e e =

Return air connection to the ventilation DH unit
to recirculate and dry the return air after hours and during
vacations

Source: ASHRAE Guide for Buildings in Hot & Humid Climates - 2009
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Dampers

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

ANS

o

i

Return air connection to the ventilation DH unit
to recirculate and dry the return air after hours and during
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Use ASHRAE Peak Dew Point for DOAS design - Not peak DB
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...for dehumidification load calculations,
and DOAS system design
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Dayton - ASHRAE humidity design conditions
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Dayton - ASHRAE humidity design conditions

0.4% Dry Bulb

91° DB
& 1 CVVDB

99 or/lb
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Dayton - ASHRAE humidity design conditions

0.4% Dry Bulb 0.4% Dew Point
91° DB 81°DB
& HC YYD s M@V
99 er/lb |28 gr/lb
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Dayton - ASHRAE humidity design conditions

0.4% Dry Bulb 0.4% Dew Point pE;f,fegggcgoint
91° DB 81°DB _10°F DB
e O VB A M@ e
99 gr/lb 128 gr/lb +29 gr/lb
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Measuring Dehumidification - Humidity removal

Dehumidification

Humidity removal

Dry air flow

Controls
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Measuring Dehumidification - Humidity removal

First.. Dehumidification
Find the
Dehumidifier! Humidity removal
Dry air flow
Controls
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Measuring Dehumidification - Humidity removal

Dehumidification

Humidity removal

Dry air flow

Controls

How to measure?
Humidity ratios
(gr/lb) before and after
the coil
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Dehumidification accomplished by the cooling coil

cfm x 4.5 x (Entering air gr/lb - Leaving gr/lb)

7000

= |b/hr
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Measuring Dehumidification OVER TIME - Controls

Dehumidification

Humidity removal

Dry air flow
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Measuring Dehumidification OVER TIME - Controls

Dehumidification

Humidity removal

Dry air flow

Do they really work?
Review diagrams, place dataloggers
..then compare to the real world
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Measuring Dehumidification OVER TIME - Controls

A Dehumidification
[0 o Humidity removal
ET | T3
[ . -] '
T Q] | || =
N | LD Dry air flow
R
o8 [E ||| | |
el | | Controls
[T
ll
Do they really work?
Review diagrams, place dataloggers
..then compare to the real world
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Measuring Dehumidification OVER TIME - Controls

Dehumidification

Humidity removal

Dry air flow

HARKIE)

Do they really work?
Review diagrams, place dataloggers
..then compare to the real world
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Do they really work?
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Measuring Dehumidification OVER TIME - Controls

X Dehumidification
ol g Humidity removal
‘ [ — .
1 U] | o
bl [T Dry air flow
L] | Controls
S I
M i : ;é};s‘;igzt:.u;::i,l
Do they really work? P R R

Review diagrams, place dataloggers
..then compare to the real world
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Measuring Dehumidification OVER TIME - Controls

- Dehumidification
P P S Humidity removal
i .
T ] | ; =
N LG Dry air flow
. @elaiige]S
I -t

Do they really work?
Review diagrams, place dataloggers
..then compare to the real world
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Logical sequence

1. Listen and understand the problems

2. Look at drawings, then walk though
and understand the building

3. Look at drawings, then walk though
and understand the HVAC system

4. Measure the key variables

a. The loads
b. The dehumidification

5. Diagnose the problems... plan solutions
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5. Diagnose the problems... plan solutions
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How to solve humidity control problems

Humidity loads
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How to solve humidity control problems

To solve the problem:

Humidity loads
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How to solve humidity control problems

To solve the problem:
a. reduce the loads or...

Humidity loads
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How to solve humidity control problems

To solve the problem:
a. reduce the loads or...
b. increase dehumidification,
C. ...or both

Humidity loads
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Keep in mind Don Gatleys’ voice of experience...
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e 79 moisture investigations in 25 years

Diagnosing and Fixing Humidity Control Problems in Real-world Buildings
Dayton ASHRAE Chapter - March 2014

45
of 47




Keep in mind Don Gatleys’ voice of experience...

e 79 moisture investigations in 25 years

e ALL except four were caused by BUILDING SUCTION and/
or EXCESS HUMIDITY IN ventilation and makeup air:
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Keep in mind Don Gatleys’ voice of experience...

e 79 moisture investigations in 25 years

e ALL except four were caused by BUILDING SUCTION and/
or EXCESS HUMIDITY IN ventilation and makeup air:

e Too much exhaust (NOT ENOUGH dry makeup air)

e Not enough DRYING of the makeup/ventilation air
e Don’t overcomplicate humidity troubleshooting:

e Make sure the building does not suck, and...

e Make sure the ventilation and makeup air is dry.
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Further ASHRAE Resources
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Further ASHRAE Resources

Humidity Control
Design Guide
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Further ASHRAE Resources

Humidity Control
Design Guide

The ASHRAE Guide
for Buildings in
Hot & Humid
Climates

Expanded
208 Elition

Guide for Buildings in
Hot and Humid Climates
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Further ASHRAE Resources

The ASHRAE Guide
for Buildings in
Hot & Humid
Climates

Expanded
208 Elition

Humidity Control Guide for Buildings in

Design Guide Hot and Humid Climates
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Further ASHRAE Resources

(-

The ASHRAE Guide g Newark Retail Dehumidification Load (sn e ses)
for Buildings in ’

Hot & Humid e
Climates

3
%

Expanded =z
Permeatior lis)

2ol Eition 2 st ten

=

Humid Product Jll 1
mos
o
o

) o o ED
oL LoD = [EEH i, or... [EEEM gationsmour

Indoor Humidity Ratio 65 Grains per pound

Humidity Control Guide for Buildings in Load Estimator
Design Guide Hot and Humid Climates (Spreadsheet)

Lew Harriman
2011-2013 Chair, ASHRAE TC 1.12

(603) 431-0635
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