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AlIA/CES Registered Provider

ASHRAE Is a Registered Provider with The American Institute of
Architects Continuing Education Systems. Credit earned on completion
of this program will be reported to CES Records for AIA members.
Certificates of Completion for non-AlA members are available on
request.

This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AlIA of any material
of construction or any method or manner of handling, using,
distributing, or dealing Iin any material or product. Questions related to
specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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Learning Objectives

1. Understand that humidity control problems can only
have three causes.

2. Know what steps can be taken, and in what order, to
diagnose a humidity control problem.

3. Know what quantitative tools and techniques are used
during each stage of troubleshooting a humidity control
problem.

4. Understand what steps can be taken in design and
pullding operation to avoid common humidity control
problems.

© 2020 ASHRAE, Inc.
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Workshop Outline

1. Introduction

2. Case histories—schools in Texas and Florida

3. Humidity troubleshooting sequence and procedures
4. Case history—community clinic in Southeast Asia

5. Troubleshooting the HVAC side of the problem

® Hands-on: Calculate Ib/hr removed from a room by dry supply air

6. Summary

© 2020 ASHRAE, Inc.
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Introduction




Instructor

Lew Harriman, ASHRAE

Mason-Grant Consulting
® USAF: 1971-1976, Engineering and Services

® 40 years in humidity control, 10 years with
dehumidification manufacturer, 30 years at Mason-Grant
Consulting, humidity and moisture problems in buildings

® | ead author: ASHRAE Humidity Control Design Guide,
ASHRAE Guide for Buildings in Hot and Humid Climates,
and The Dehumidification Handbook

® ASHRAE Fellow and Distinguished Lecturer

® Past Chair and Vice Chair: ASHRAE Technical Committee
1.12 Moisture Management in Buildings
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Introduction—Attendees

® Your humidity control experiences?

® Responsible for design? or

® Responsible for finding and fixing problems?

® \What answers do you want before the end of
the session?
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Great Building; Great HVAC System!
So Why Did It Grow Mold Three Times in Five Years?

EC T )
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The Building and Its HVAC Are a Single System

® Cannot understand one without understanding the
other.

® The HVAC system and the building enclosure
Interact in strange—and important—ways.

® Successful humidity control troubleshooting
demands an integrated investigation...

® Not separate investigations for building and HVAC!

© 2020 ASHRAE, Inc.
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The voice of experience...
Don Gatley, PE, Life Member and ASHRAE Fellow

/9 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)

| rouromone g * Not enough drying of the makeup/ventilation air

# ChartCelebrates /&= \

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 air and
makeup air are dry.

11
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Schools
IN Texas and Florida




36 School Facilities Near Houston, TX

United|States

Cuba -

The Problem

Mold growth similar to that seen in Phatograph I has
erupted in the schools each summer for the past several
years. The books and materials inside these classroom
lockers had to be destroyed. The majority of the complaints
O seemed to surface 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.
Each year, the mold growth would erupt and be cleaned,
providing evidence that moisture sources in the buildings

ating and Air-Gond ftioning Enginesrs, Inc. (www.ashras.org). Reprintad by permisaion
15). This articls may not be copied nor distributad in sither papsr or digital form without

AC

By Hugh McMillan, RE., Member ASHRAE, and Jim Blodk

large school district near coastal Texas has been having a significant problem with meld growth
Asmce It began an upgrade to ANSI/ASHRAE Standard 62-2001, Ventilation for Acceptable Indoor
Air Quality. After the additon of 15 cfm (7 Lis) per student Into existing facllities 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
tssues within the school district be the cause? This artide will provide specific data on the findings

and remediation of several of the 36 facilities Involved In this Issue.

were not adequately identified and corrected. The authors®
firm, in partnership with a large construction conparny, was
contracted by the school district to find long-term solutions
to provide continuing relief from mold growth.

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 systens serving the elementary schools

MAbout the Authors

Hugh McMillan, PE., Member ASHRAE, 15 sanlorvice-president of HRE,
Inc. In Houston. jim Biock: & senior mechanical designer at HRE, Inc.

32 ASHRAE Journal ashras.oerg May 2005

Photograph 1: Mold growih en 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 toa
conditioned corridar.

Many of the schools were renovated from 1985 to 1990, The
renovations included replacement of the water chilling squipment,
boilers and unit ventilators. The control systemns were renovated to
direct digital control (DDC) systems within the last five vears.

The airside systems in these schools include various configura-
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. Motice the lack of amy volume or
control damper. The only control damper is the 72 in. long by 4
in. wide (182 cm bry 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 indicates how many HVAC systems
were added long after the original construction of the buildings.
Piping was added and routed through areas providing the most
cost-effective solution.

May 2005

‘The typical system in the middle schools and high schools was
basically the same with the exception that water-cooled centrifu-
oal 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 classroom unit ventilators are controlled with
a DDC sequence that enargizesthe units on a programmed sched-
ule, modulates the control valve to maintain the space temperature
setpoint and changes the action of the control signal based on
the temperature of the water in the piping system ( for two-pipe
systems ). To conserve energy, the units are scheduled to operate
during occupied hours only. The same happens with the water
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 observation of real-time conditions and past his-
toryof mold remediation. A meeting with maintenance personnel
was conducted in earty May to educate staff on the new district
initiative to ensure that summer mold growth did not recur.
Inexpensive 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 a3

Hugh McMillan and Jim Black - ASHRAE Journal - May 2005
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School Problems

® Suburban school district—36 facilities

o 13 elementary schools
o 14 middle schools
o 9 high schools

® \Videspread mold problems (after adequate ventilation)

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

® Repeated HVAC renovations from 1985-2000, but no effect on
problems

® Problems most apparent during late July and August

14
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HVAC/Envelope Interaction: Mold Growth on Walls

FPhotograph [: Mold growih en classroom wall afier 72 hours.

© 2020 ASHRAE, Inc.
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Relevant Facts

® Schools added ventilation to comply with ASHRAE Std 62.1-1989

(15 cfm per occupant versus less than 5 cfm per occupant)
® No change in HVAC configuration—just added cooling tonnage

® \/entilation air volume was random: no dampers or fixed-position dampers
full open or closed

* \lentilation airflow constant, even during unoccupied hours

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

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

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

® Neither monitoring nor control of humidity

© 2020 ASHRAE, Inc.
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.
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Humid Ventilation Air Ducted to Fan-Coil Units

FPhotograph {: Mold growth en classroem wall afier 72 hours.

17
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Problem Sequence

® Students leave and room thermostats reset to 80°F

® Custodians scrub floors and wash walls; indoor dew point
skyrockets.

® Fan coils run continuously: they pull in humid outdoor air,
Keeping the indoor dew point very high during all unoccupied
nours.

® Periodically, fan-coil valves open and units chill the walls;
then cooling (and dehumidification) stops after room falls
below 80°F.

® High indoor dew point + cool walls = near condensation +
moisture absorption + mold growth on interior surfaces

© 2020 ASHRAE, Inc.
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Retrofit Solution

® Measured and reset correct ventilation airflows for each
room.

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

® |nstalled automatic dampers which shut off ventilation air
when supply fan turns off.

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

® Replaced chilled water line insulation to keep CW cold
enough to ensure supply air is dried to 50°F—53°F dew point.

19
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San Carlos Park Elementary School, Florida

© 2020 ASHRAE, Inc.
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be replaced by the pump at hand. Although appearing airtight,
the tire eventually will go flat. We should expect the same
performance from the air barriers that help to form a building’s
pressure envelope.

So how much leakage is acceptable? The author suggests as
a modest goal that buildings should leak no more than the air
that mmst be introduced for acceptable indoor air quality.

The amount of outside air (OA) mandated by ANSVASHRAE
Standard 62, Fentilation for Acceptable Indoor Air Quality, is
enough of a burden to the owner in terms of capital equipment
cost and energy consumption. The owner should not need to
provide even more OA to gain control of the indoor/outdoor
pressure relationship.

Building Pressurization
Building air pressure with respect to outdoors should be
neuiral so that doors open and flue-gas vents function prop-
erly. However, should buildings be slightly positive or slightly
negative? Most building scientists and mold remediation pro-
fessionals now believe that wall and roof constructs should be
pressurized from the cooler, dryer side. Dry air (with respect to
the negative side) migrating through the wall absorbs mois-
ture and tends to dry out the interstitial constmction. Con-
f hot, humid air is allowed to migrate through the
it can cool below its dew point and create condensa-
tion in the interstitial space, damaging building materials and

allowing mold to grow.

‘With this principle in mind, buildings experiencing hot, -
mid weather should be positive with respect to the outside, and

28 ASHRAE Journal

buildings in cold climates can be slightly negative. Experience
has shown that designing for a very small pressure differential,
(less than 0.01 in. w.c. [2.5 Pa] works well in hot, humid climates.

‘Wind currents will override pressurization this small. How-
ever, as wind shifts direction, it tends to cancel out its effects
upon pressurization. This does not hold where one strong, wind
direction prevails, such as by the sea. Cold climates will require
& greater pressure differential, primarily due to stack effect.

“Leakage” is the natural, unplanned and uncontrolled flow
of air into (infiltration) and out of {exfiltration ) buildings. The
artificial, intentional, controlled (hopefully) flow of air into
buildings is called ventilation or outside air; the comespond-
ing outward flow is exhanst. These intenftional flows must work
in concert with natural leak

The relationship between OA, exhaust, and leakage can be
expressed with simple arithmetic:

Building Positive, Hot, Humid Climate:

Outside Air= Exhaust + Leakage (Exfiltration)
About the Author
Andrew C. Ask, PE., & an HVAC and 1AQ consultant in Cape Coral, Fa.

November 2003

Building Negative, Cold Climate:
Outside Air = Exhaust — Leakage (Infiltration)

: ly calculate how much outside air
is required for acceptable ventilation as prescribed in Stan-
dard 62, and how much exhaust is required for toilets, showers,
hoods, ete.

Building leakage is a bit more elusive. The goal of this ar-
ticle is to discuss the methods for measuring and expressing
leakage, and to report the results of a case study, San Carlos
Park Elementary School, in Ft. Myers, Fla.

Quantifying and Expressing Leakage

Perhaps the oldest (and worst) method for estimating build-
ing leakage was the “crackage” method where the width of
cracks around windows and doors was estimated, a cfm per
linear foot of crack allowance assumed, and infiltration esti-
mated by extending these computations.

A better (and certainly much easier) method is to begin by
computing the volume of a building in fi* and then divide that
mimber by 60 as an expression of the cfm airflow required to
“‘change" the air in an hour's time (ACH]

November 2003

£Until the building science
engineer evolves as a separate
discipline, primary responsibility
for addressing building leakage
will probably fall to the HYAC
engineer. y

LOACH cfm="V/60

Then, based upon the practitioner’s experience, estimate an
infiltration rate in terms of a fraction of ACH. The author, for
example, has allowed between 0.50 and 1.0 ACH for “infiltra-
tion" througheout his career with reasonable success. Post-1973
buildings built to ANSVASHRAETESNA Standard 90.1, En-
ergy Standard for Buildings Except Low-Rise Residential
Buildings, requirements might be as tight as 0.25 ACH. Anfi-
quated factory buildings on the other hand could experience 2
ormore ACH.

‘Why did I use between 0.50 and 1 ACH? Because my HVAC
professor at Towa State told me to in 1962. A1l T had o go on
was his direction, Manual J, and one tattered ASHR AE Hand-
‘book shared by the entire class. I had no need to question my
assumption until 25 years later, when [ was unable to heat a
factory in Fargo, N.D., which had fenestration that had not
‘been fixed for the past 55 years — its air apparently changed
three times each hour. A few years later, T found that I couldn’t
dehumidify buildings in southwest Florida. 1 suspected there
had to be better ways to estimate building leakage. There were.

Ajr change rates ( ACH) continue to be a good way to express
building leakage, but coupled with a pressure differential,
normally 0.20 in. w.c. (50 Pa) A building would never operate
(intentionally) at this pressure, but they can be more accu-
Tately tested at this high pressure (for the same reason that a
damper or valve nmst experience a high-pressure differential
‘before it can provide close confrol). The ACH rate at 0.20 in.
w.c. (50 Pa) is interpolated to the actual building pressure de-
sired (say 0.01 in. w.g. [2.5 Pa]) to determine how much air will
be required for pressurization. The astute HVAC engineer
should begin to see a relationship that looks like a constant
mechanical dnct system whose behavior can be predicted by

ASHRAE Journal 29

Andy Ask - ASHRAE Journal - November 2003
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Problems

® Poor indoor air quality (moldy odors)

® Comfort complaints—damp and muggy
® AC system can’t maintain temperatures

® High energy costs

© 2020 ASHRAE, Inc.
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Low-Cost HVAC Design—Return Air Plenums

S E\ Architectural design: Soffit
@ — ALLOWS infiltration
A sN\rs|

HZd
‘I
|

————————

Mechanical design: Return
plenum suction MULTIPLIES
infiltration

22
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Air Infiltration and Humidity Load

Average Dew Point
Year Jan Feb Mar Apr May June July Aug Sep Oct MNowv Dec
62.69F 53.69F 53.69F 57.2°9F &0.8°F &d4.4°F 71.6°F 71.6°F 73.4°F 71.6°9F B6.2°F &0.8°F 55.4°F

Average Dew Point [®F.] - Fort Myers, US

cfm X 4.5 X (osa gr/lb - indoor air gr/ib)_ b/hr
7000

I/s X 4.32 X (osa g/Kg - Indoor air g/kg) _ kg/hr
1000

23
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Architectural and HVAC Shortcomings Combine
to Cause Big Problems

Architectural design: Soffit HVAC design: Return plenum
ALLOWS infiltration DRIVES infiltration

“System on” | “System on”
pressure = | humidity load
50 Pa (Ib/h)

L eakage

load
(Ib/h)

Before
Remediation

Typical HVAC design assumes ZERO load
when the systems are off.
Obviously, that's a bad assumption

Note the SIZE of the unexpected load
when systems ARE operating!

24
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Architectural and HVAC Shortcomings Combine
to Cause Big Problems

Architectural design: Soffit HVAC design: Return plenum
ALLOWS infiltration DRIVES infiltration

“System on” | “System on”
L eakage pressure = | humidity load

50 Pa (Kg/h)

orore 1,114.76
Remediation /s V& 736

Typical HVAC design assumes ZERO load
when the systems are off.
Obviously, that’ s a bad assumption

Note the SIZE of the unexpected load
when systems ARE operating!

25
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Retrofit Solution

® Added gypsum board between the wall
and roof deck

® Sealed the gypsum board to the roof
deck with spray foam to avoid labor-
Intensive cutting and fitting

® Protected spray foam with a layer of
= spray-on intumescent, fire-rated
—= sealant

® Net result: 55% reduction In passive
(system off) air infiltration

26
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Troubleshooting Seguence
and Procedures




Troubleshooting Sequence and Procedures

1. Traditional troubleshooting procedures

2. The essence of humidity control
troubleshooting—loads versus DH capacity

3. Troubleshooting sequence and procedures
a. Investigate and understand the problems

. Measure the loads

Measure the DH capacity

. Understand the controls

(DI Gr e ey

. Plan the solution

© 2020 ASHRAE, Inc.
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1. Traditional Troubleshooting Procedures

Ls It Warking?
¥

Don't Mess With Lo

i
|

NO PROBLEM!

© 2020 ASHRAE, Inc.
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The Essence of Humidity Control Troubleshooting

When humidity iIs too high, it is because
humidity loads > dehumidification

Humidity loads

Dehumidification

© 2020 ASHRAE, Inc.
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How to Solve Humidity Control Problems

To solve the problem
 reduce the loads,

e INncrease dehumidification, or
e do both

Humidity loads

Dehumidification

© 2020 ASHRAE, Inc.

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

31



Troubleshooting Sequence

1. Listen and understand the problems

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

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

4. Measure the key variables:
 Loads

e Dehumidification

5. Diagnose the problems; plan solutions

32
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Keep in Mind Don Gatley’s Voice of Experience

/9 moisture investigations In 25 years

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’t overcomplicate humidity troubleshooting:
*® Make sure the building does not suck, and

® Make sure the ventilation and makeup air is dry all the
time.

33
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Part 1—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.

© 2020 ASHRAE, Inc.
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Then, Start Thinking about the Problems

|

Humidity loads

|

1. Why could the problems be happening?

Dehumidification

2. When they happen, what is the sequence of
events that leads to the problems?

3. If you are correct, how can those problems
be solved?

© 2020 ASHRAE, Inc.
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The Building Versus the HVAC System

To reduce the
loads, look at
the building and
Its occupancy

g Humidity loads

© 2020 ASHRAE, Inc.
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Dehumidification

|

To Increase the DH, look
at the HVAC components
and controls
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Next, Measure Loads...
..and Measure the Dehumidification

Humidity Loads

Exhaust airflow

Incoming outdoor air Dehumidification

Building air leakage Humidity removal

Number of people Dry airflow

Wet surfaces Controls

37
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Measuring Humidity Loads—Exhaust Airflow

Humidity Loads

Exhaust airflow

L il

‘l J
WL

How to measure?

Flow Hood

38

© 2020 ASHRAE, Inc.
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Measuring Humidity Loads—Incoming Outdoor Air

How to measure?

Flow Hood
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Measuring Humidity Loads—Building Air Leakage

Humidity Loads

How to measure?
Blower door

Building air leakage

Ai
"Mlow at 75 Pasca|
s

2
000 Cfm75 ( +/-35 %)

0.2000 cfm75/ft2 Floor
0.0654 cfm75/ft2 Surfa
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Measuring Humidity Loads—Number of People

Humidity [ oads How to measure?
Find out the fire-
rated maximum
occupancy, then
observe!
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Measuring Humidity Loads—Wet Surfaces

Humidity loads

How to measure?
Interview, then

VWet surfaces
observel
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After Measuring Loads... Measure Dehumidification

Dehumidification

Humidity removal
Dry airflow

Controls
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Measuring Dehumidification—Humidity Removal

( Dehumidification

First,

find the Humidity removal

dehumidifier!

Dry airflow

PSYCHROMETRIC CHART
Naha, Okinawa Japan

Controls

A

i

&

A RN EEEEEn

I How to measure?
Sesifenea Humidity ratios (gr/Ib)
before and after the coil

T

i
K ST ’
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Dehumidification Accomplished by the Cooling Coill

cfm X 4.5 X (entering gr/lb - leaving air gr/lb)
7000

= lb/hr

- leaving air a/k
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Measuring Dehumidification—Dry Airflow

/e

Dehumidification

[ Humidity removal

Dry airflow

Controls

Air Velocity Calculator

Enter Settings

Velocity Pressure Pa
RIEN

How to measure?
Flow Hood, or Pitot Tube and Calculator

46

© 2020 ASHRAE, Inc.
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Measuring Dehumidification Over Time—Controls

Dehumidification

Humidity removal

Dry airflow
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Logical Sequence—Summary

1. Listen and understand the problems

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

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

4. Measure the key variables

e Loads

e Dehumidification

5. Diagnhose the problems, plan solutions
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Section 4 of 6
Community Health Clinic

Malaysia




Community Health Clinic
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Background

® New government-owned and -operated community clinic

® Mold problems (almost immediately after opening in 2003)

® Constant comfort complaints: “Too cold!” “Too Hot!”

® Repeated HVAC adjustment; no improvement in either problem
® Bad publicity forced closure and mold remediation in 2008

® Engineering firm had contract to remediate mold and re-adjust

HVAC yet again. Wanted to get to the root of the ongoing
problems and solve them permanently.
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Outdoor Humidity in Malaysia

Average Dew Point

Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
53.6°F 37.4°F 37 .4°%F 44 .6°F 51.8°F 60.8°9F B8°F 71.6°F F1.6°F b6.2°%F 55.4°9F 46.4°%F 39.2°F
Average Dew Point [?F.] - Charleston, US i
55°F . | R A oA
de\l\,..........-................................. o000 o0 0 [ N ] o000 ....-...............
AF |
point
Average Dew Point
Year Jan Feb Mar Apr May June July Aug Sep Dct Mov Dec
F3.49F F1.69F J1.69F 73.4%F F3.49F J3.49F 73.49F F3.49F J1.69F 7349 F3.49F J3.4°9F J1.69F
Average Dew Point [9F.] {Kuala Lumpur, MY 4
55°F EI-INI- - - . - . . . l
de\,\,..........l.. 00 0000O0OGOOGOOGOOOS o0 000O0OOGOOEOOOOGOOO o000 o000 o000 o000 o000 o000
; 10°F
point
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...7.5 meters long (15 ft).

So, this particular gap measures 2.5 ft? of open area.
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...S0 mold grows on
the cool, damp surface.
The RH In the air
IS only 54%, however,...

The RH at the surface is |

over 95%

P

..the dew point is
high (64°F).

...and the surface iIs
cold (66°F)...
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Humid Air Floods into the Building..
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And Contacts Cool Surfaces,
which Absorb the Humidity, Allowing Mold Growth
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Solution

® Measured and reset correct supply airflows for each room.

® Sealed gaps between the roof and walls with sheet metal
and spray foam (working from inside).

® Sealed the gaps between ducts and duct chase openings with
sheet metal and spray foam.

® |nstalled desiccant DH unit which operates after AC units
turn off at 5:00 p.m. DH keeps indoor air near or below 55°F
dew point.

® No more comfort problems. Nearly no mold problems. There

IS a cost to operate the desiccant DH but much less than
operating cooling units.

© 2020 ASHRAE, Inc.
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Before and After Air Sealing
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Air Sealing the Duct Chases
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Air Sealing Open Chase to First Floor

v
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Desiccant Dehumidifier
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Before and After (Air Sealing Alone—No DH)

March 2016: One year without dry air circulation-blj_’
Inside an air-sealed building
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Air Sealing + Desiccant during Unoccupied Hours

\
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With Perfect Hindsight

® Excellent rain water management in Malaysian buildings (roofs,
perimeter drains, foundation drains, etc.)

® Typical reaction of HVAC designers to high humidity loads =
more tonnage! (Catastrophically wrong reaction.)

® Probably nobody told the architectural designer that
airtightness is critical in an air-conditioned building.

® A focus on controlling dew point would have provided quick
clues to surface condensation and mold growth problems
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Part 5 of 6
Troubleshooting




AC Systems and Humidity Control

e Typical humidity load profiles
® DH equipment and performance
® Cooling systems—DH problems and solutions

® Qverall HVAC system design and installation—
DH problems and solutions

® Unoccupied hours—DH problems and solutions

© 2020 ASHRAE, Inc.
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Understanding Humidity Load Profiles

1. When humidity is too high it Is because
humidity loads > dehumidification

Humidity loads

© 2020 ASHRAE, Inc.
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The Big Loads Are Almost Always
Ventilation/Makeup Air and Building Air Leakage

Humidity loads

© 2020 ASHRAE, Inc.
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Hospitals—Same Loads but Much Bigger

P
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For HVAC Troubleshooting—Look for High Loads or
Reduced DH Capacity

Humidity Loads o
Dehumidification

’ must equal loads

Dehumidification
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DH Equipment Capacity Problems? Only Two Causes

Humidity removal cfm X 4.5 X (Inlet gr/lb - Outlet gr/lb)

(Ib/h)
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Calculating the Ventilation DH load

1. What you know:

® |Incoming ventilation airflow (1000 cfm)
® Qutdoor air humidity ratio (114 gr/1b)
® Room humidity ratio (65 gr/Ib)

e Calculate the ventilation DH load:

Dehumidification cfm X 4.5 X (Outdoor gr/lb - Indoor gr/lb)
load %

© 2020 ASHRAE, Inc.
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Measuring Ventilation Load Versus Dehumidification
Accomplished by Cooling Just the Return Air

Ventilation airflow
i 1000

Outdoor air humidity
(gr/lb) 114

Room air humidity
(gr/Ib) 65

Totals

(Ib/hr) 31.5

99
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Calculating Dehumidification by Cooling the Return Air

1. What you know:
® Total supply airflow (10,000 cfm)
® Mixed outdoor + return air humidity ratio (70 gr/Ib)
® Air temperature leaving the cooling coil: 56°F
® Therefore coil-leaving humidity ratio i1s 67 gr/lb

e Calculate the DH accomplished by the coil:

- G ¢ 4.5 X (Return air gr/lb - Supply air gr/lb)
Dehumidification load =

(Ib/h) 7000
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Measuring Ventilation Load Versus Dehumidification
Accomplished by Cooling Just the Return Air

DH Load from Dehumidification
Outdoors of Return Air

Ventilation airflow
(CFM)

Entering air humidity
(gr/Ib)

Leaving air humidity
(gr/Ib)

Totals
(Ib/hr)
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Cooling Systems—DH Problems and Solutions

Constant-volume DX
cooling systems

Chilled-water
cooling coill
and air handler
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Constant-Volume DX Cooling Equipment
Dehumidification Varies Radically Over Time

Compressor turns OFF,
supply air gets wet

62
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Compressor turns ON,

supply air gets dry
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Chilled-Water Cooling Systems:
DH Performance Goes to Zero at about 30% Flow

m - ammmoy -
it ventiator
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Sy —— e |

;- +entering air_
= 80.6°F DB

g

55.7°F DB 59.5°F 63.0°F 66.5°F 70.6°F |eaving air temperature
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Chilled Water: Classic DH Problems and Solutions

® Coll surface clogged—Not enough air

® Short term—Clean the coil and install clean filters
® |[ong term—UV lamps to break down and prevent biofilm

® Chilled-water temperature too high; Coil cannot
dry the supply air
® Short term—Reduce chilled-water temperature (and airflow)

® | ong term—Replace with two colls (stacked above one another); top one
(big) modulates water flow to control temperature, while the lower one
(small) runs constantly at low temperature to remove humidity

® Modulating water valve—Coll temperature too high

® Short term—Reduce supply airflow

® | ong term—Replace with two colls (stacked above one another); top one
(big) modulates water flow to control temperature, while the lower one
(small) runs constantly at low temperature to remove humidity
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BIG HVAC humidity loads - Ventilation + makeup alir

Dehumidification load estimates for Tampa, Fla.
Outdoor dew point design: 85 F 144 gr/lb

1360

1130 | The Biggies...
Ventilation and makeup air

900

Humidity load (kg/h)
n))
oo
o

Humidity load (Il

e

e oo\
%ﬁ‘é‘sﬁ im
A& ORE s \ Ventilationair
W‘““‘f&m\m Air leaking into

i the building

S i People
e\ Door openings
Vapor Wet -Domestic loads
permeation surfaces Humid inventory
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Important Questions about HVAC Humidity Loads

1. Do you really need the current amount of
ventilation and makeup air?

® \entilation: How many people are really in the building?

® Makeup air: Do all of those exhaust fans really need to
be on?

2. Is the ventilation and makeup air dry?

® \entilation: Can the HVAC system dry the ventilation air?
Does It In fact dry the air?

® Makeup air: Can the makeup air go direct to the
exhaust without going through the conditioned space?
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Do You Really Need the Current Volume of
Ventilation Air?

®\/entilation air often not controlled (Excess humid

ventilation air overloads the DH component)
® Short term: Measure and reset the ventilation airflow to the actual current
requirement

® | ong term: Add controls to modulate ventilation air in response to CO, sensor
(demand-controlled ventilation [DCV])

Measured Ventilation Air Flow - 510 Office Buildings

ASHRAE Standard Requirement (At the time of measurement) Per Person Per Unit Floor Area  Air Changes
Bl Excess ventilation cfm/person [I/s/person] cfm/ft2 [I/s.m2] Per Hour

S Mean (Average) 117 [55]

Actual ventilation
M Median (Most Com @ e =

I Standard Deviation 138174 Intended ventilation

susziisss ( 2pm Y 0oDR :

Andrew Persily (NIST) “Ventilation demand and performance in U.S. office buildings” ASHRAE Journal
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Keep the Ventilation Air Dry:
Dedicated Outdoor Air Systems (DOAS) for Ventilation

DOAS
Dedicated Outdoor Air System

Ventilation Air

Dry Ventilation Air
Deliver air below the
dew point desired in

the space so the

supply air can absorb
the internal DH loads,
maintaining control.

Humidity Control
Dew Point is

L — — — - 55°F [12.8°C]
R 65 gr/lb [9.2 g/kg)
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Dedicated Outdoor Air System (Retall Store)

%..i‘ -

DOAS unit
for Ventilation &
Dehumidification

Rooftop Cooling/Heating Units
For Temperature Control
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DOAS Equipment—Design for Peak Dew Point

Climatic Design Conditions - Tampa, FL USA 4 % -
Dew Point (Dpt) for Dehumidification / ST SaTR FuiTA
Dry Bulb (DB) for Cooling . : SR NG PP

Psychrometric Chart - Inch-Pound Units
Sea Level » Barometric Pressurs 26.9 Inches of Mercury

Tampa, FL-TM\'—IHourI\{Weatha-r Observations o B T e o Peak dew pOInt
Hours of occurrence during a typical year _ ; gr/Ib
B 287.0-258.3

B 2206-2009
B 1722-1435
B 1435-1148
114.8 - 86.1
B s51-574
[l 574-287
[]287-00

TIO - GRAINS OF )

o0
Humidity Control | - Real-World Problems and Solutions
Professional Development Workshop Tk
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Differences between Peak DB and Peak DPT

Dayton, OH

0.4% Dry Bulb 0.4% Dew Point ¢ pE;EeJ:vr\‘fc:oint
90° DB 81°DB _9°F DB
74° MCWRB 74°MCWB
Phoenix, AZ |
ol 04% DryBub  0.4% Dew Point wlIvE
at peak dew point
110° DB 82°DB o
69.6° MCWB 75°MCWB el
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36 hr of Higher Load Risk Versus 2000 hr

Climatic Design Conditions - Tampa, FL USA % &
Dew Point (Dpt) for Dehumidification / gEoge seoag buasa
Dry Bulb (DB) for Cooling ' '

180

Psychrometric Chart - Inch-Pound Units o) RS SRE A

180

Tampa, FL - TMY-2 Hourly Weather Observations
Hours of occurrence during a typical year

M 2870-258.3
B 2206-2009
B 1722-1435
B 1435-1148
B 1148-86.1
B 851-574
Il 57.4-287
] 28.7-00

140

F DRY AIR

"\\‘ 0 Jal A DU = Do

HUMIDITY RATIO - GRAINS

100 105 114 115 120
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© 2020 ASHRAE, Inc.
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Overall HVAC Design and Installation Problems

PIP Cellduct System For Ventilation Application

E
i3 i

i ¢ -
For under floor mount
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Overall HVAC Design and Installation Problems

® Air-side economizer control—Floods the building

with humid air

® Short term: Reduce economizer set point temperature so it cannot bring In

outdoor air with a dry-bulb temperature above the desired indoor dew point
temperature (reset to 55°F).

® | ong term: Reconsider whether air-side economizer ever actually saves
energy in humid climates.

® | ong term: Replace controls with dew-point control; monitor outdoor air dew

point. Set a dew point limit on the outdoor air economizer (no extra outdoor
air above a 55°F dew point.

® Chilled-water temperature reset—Colil no longer
cold enough to dehumidify

® Short term: Reduce chilled-water temperature and also reduce airflow.

® | ong term: Replace single coil with two stacked coils. One dries air all the
time; the other responds to indoor temperature set point.
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Overall HVAC Design and Installation Problems

® Air leaks in return air plenums and underfloor air

supply plenums

® Short term: Seal up duct leaks, and reconnect ducts that have become
detached from air handlers and other ducts.

® | ong term: Replace plenums with tightly sealed duct work. Plenums always
waste energy because they always leak and they always cool parts of the
building that do not need to be cooled.

® Air leaks at exhaust duct joints

® Short term: Seal up duct joints that are accessible, using mastic.

® Long term: Replace large central exhaust systems with many small, locally
controlled exhaust and supply systems equipped with energy recovery devices.
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Unoccupied Hours—Problems and Solutions

Fhotograph 1: Mold growih on classreom wall ajt
e —————————

miEmai  [f@share | [fJ[2 &EPrint A A A TextSize
' Clark County elementary school buildings closed indefinitely due to mold issues

o £ Recommend K} 2 recommendations. Sign Up to see what your friends recommend.

FPosted: Aug 15, 2011 4:00 &M EOT

CLARK COUNTY, Mo. (WGEM) —A serious mold problem is delaying the first day
of school for about 450 Clark County students. The school district has decided to
start classes Monday for those students at the district's high school and middle

LT
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Problems during Unoccupied Hours

® Temperature set point is raised. Indoor dew point
also rises. Then intermittent cooling chills surfaces
and grows mold.

® Short term: Make sure exhaust fans and ventilation air are off entirely during
unoccupied hours.

® | ong unoccupied periods (vacations, etc.): Turn off AC systems. Install
temporary desiccant dehumidifiers with “layflat” clear plastic supply ducting.
Dehumidifiers operate when RH is above 50%.

® |[ong term: Higher cost—Install dedicated outdoor air system with a return air
connection. Dries ventilation air when the building is occupied and recirculates
dry air when building is not occupied.

® Exhaust Air Continues when AC Systems are Off
® Short term: Time clock for exhaust fan control or interlock with AC systems.
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Problems during Unoccupied Hours

® \/entilation air continues when indoor temperature
set point Is raised, flooding building with humid air

® Short term: Install motorized dampers to close off ventilation air when building
IS unoccupied.

® | ong term: Higher cost—Install dedicated outdoor air system with a return air
connection. Dries ventilation air when the building is occupied and recirculates
dry air when building is not occupied.

® Building i1s partly occupied. A few rooms are cooled;

most are not. Mold grows on cold surfaces.

® Short term: Operate cooling systems based on maximum dew point in
unoccupied rooms, not on room temperature.

® |[ong term: Higher cost—Install dedicated outdoor air system with a return air
connection. Dries ventilation air when the building is occupied and recirculates
dry air when building is not occupied.
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Summary

® To solve humidity control problems:

® Reduce the loads or
® |ncrease dehumidification (DH) capacity

® To reduce the loads:

® Make sure the HVAC system is not creating extra loads such as excess
ventilation, plenum and duct leaks that pull humid air into the building,
exhaust fans that do not turn off when AC systems turn off, etc.

® To increase DH capacity:

® Make sure the DH components are actually removing humidity. If they are not,
fix them so they will do so:

® Adequate airflow

® Adequate dew point reduction
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More detailed advice from ASHRAE

The ASHRAE Guide
for Buildings in
Hot & Humid
Climates

Expanded
2nd Edition

Lews Hadriman
LGeoH Brundsen
Rainheld Kimler

etricin Sacity ol Erirger siimg o Aor Dondithonisg Exgimse Inc

Humidity Control  The ASHRAE Guide for Buildings
Design Guide In Hot & Humid Climates

el £ MOISTURE TOLERAN D
oty Garsret Design Gukda LOADS..........ccoco . 622
For Commarcial and Instifutionsl

RISK FACTORS AND MITIGATIO.
HVAC Systems ....ceviscciinssanssrsaians
Architectural Factors ... e 62.4
Building Operational Decisions ... . 62.5

CHAPTER 62

MOISTURE MANAGEMENT IN BUILDINGS

Occupant Decisions ..
SOLUTIONS........coune
Architecrure and Design
HVAC Systems ...........
MEASURING BUILDING DAMPNES.
[ g T —
Moisture Content Measurement Variation ..

NDOORS, buildings should always be dry. When building inte-
riors get damp and stay damp, problems often emerge for their
1 111 occupants and for the building’s structure, material, and furnishings.
Ch I nese Ed Itlon Persistent indoor dampness has been associated with human
health problems, increased risk to buildings® structural fasteners and
exterior enclosure, shortened useful life of furnishings, and reduced

acceptability to occupants because of odors and stains. These and
\] apan E5E related problems can be costly and disruptive, as well as annoying to
Ed .t.on all concerned (ASHRAE 2013).
It Human Health

The U.S. National Academy of Medicine and the World Health
Organization determined that there is a clear association between
damp buildings and negative health effects (NIM 2004). The U.S.
Department of Energy's Lawrence Berkeley National Laboratory
estimated the cost of documented dampness-specific health effects
to be more than $3.5 billion each year (Mudari and Fisk 2007), and

© 2020 ASHRAE, Inc.

Avoiding Litigation Risk

Humidity and moisture-related problems in buildings have been
the single largest category of claims against the errors and omissions
insurance of architects and engineers (84%). Also, moisture-related
damage is the single most-litigated construction defect against con-
tractors (NAIC 2008).

1. CAUSES

Based on investigations of problem buildings, dampness suffi-
cient to cause problems seldom has a single cause. More often, &
series of events, including decisions in many areas of professional
and personal responsibility, combine in complex ways to cause a
problem. Therefore, it is not appropriate to assign responsibility for
building dryness to any single group, because it is not likely that any
one group can prevent a problematic level of dampness, mold, or
microbial growth by their actions alone.
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Questions?

Lew Harriman, Mason-Grant Consulting,
(603) 431-0635

| ewHarriman@MasonGrant.com
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Evaluation and Certificate

»ASHRAE values your comments about this course. You will receive
a separate email from ALI-Education (edu@ashrae.org) with
instructions to complete the Course Survey and Certificate of
Attendance.

> Please visit the following URL for a copy of the course
bresentation: https://www.ashrae.org/20200ct22

>|f you have any questions about ASHRAE Certificates, please
contact Kelly Arnold, Professional Development Coordinator at
Karnold@ashrae.org.

>|f you have any guestions about ASHRAE courses, please contact
Tiffany Cox, Course Administrator at tcox@ashrae.org.
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Explore ASHRAE Learning Institute Courses

https.//www.ashrae.org/instructor-led-courses

Find a Topic that Fits You:
» Commissioning

» Energy Efficiency

» Environmental Quality

» HVAC&R Applications

» Standards and Guidelines

See all the ways to learn and grow with ASHRAE at:

https://www.ashrae.org/professional-development/learning-portal
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ASHRAE Certification

-

Certified

AS

—

A More than 3,000 certifications earned to-date

A Elevate your reputation among peers, in the workplace and among clients

A NEW! Digital Badging

5 OPMP £
"@
>

» Embedded metadata uniguely linked to you

» Shareable in electronic media, including Linkedln and email

> Instant recognition, with real-time, third-part verification

Visit www.ashrae.org/certification to learn more.
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