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Indoor Environmental Quality

GoldGold:  39-51 points

69Max points

7%5Innovation
22%15IEQ
19%13Mat’ls & Resource
25%17Energy & Atmos.
7%5H2O η

20%14Sustainable site

Wellbeing:  the state of being 
happy, healthy, or prosperous
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Concept behind accompanying notes.

OAreq’d=900 cfm

based on table 6-1

Z1=900/1,500

Z1=0.6

OAreq’d=1,350 cfm

Z2=0.3

AHU
6,000 cfm

% OAB=?

OAB=3,600 cfm

1,500 cfm 4,500 cfm

Over vent=?
1,350 cfm, Unvit

Unvit ratio = 0.225
1,350/6,000

OA=?

OA+(6,000-OA)*0.225=3,600
OA=2,903, ~30% more

2,903-(900+1,350)=653
more than table 6-1 value

Where does the 653 cfm go?

OA=2,250? (900+1,350) No! 
OA=3,600? No! Why not?

60

Eq. for OA?

For LEED point need 
2,903*1.3=3,774 cfm OA
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Solving the ventilation issue?

OAreq’d=900 cfm

Z1=1

OAreq’d=1,350 cfm

Z2=1

AHU
2,250 cfm

% OAB =100

900 cfm 1,350 cfm

OA=2,250 Condition of supply air, DBT & DPT?

How is the 
space load 
handled, 

when 6,000 
cfm required 
for a say a 

VAV?
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30% surplus air questioned!
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Calculating the OA load:

75F

50% RH

75F

50% RH

hSA

900 cfm 1,350 cfm

hOA

1:  QOA1=mOA*(hOA-hSA)

2:  QOA2=mOA*(hOA -hrelief)

QBldg=mSA*(hrelief-hSA)=QOA1-QOA2

So,  QOA2 is correct:  QOA1=QOAcorrect+QBldg= coil load

hRelief

mOA mSA= mOA

AHU

Very important to get correct!
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ASHRAE HQ, Atlanta, GA
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Limits of LEED authority
Some clearly feel that there is no rational basis, or magic, for
granting a LEED point when the ventilation air flow rate is 
increased beyond 62.1.  
Can LEED be ignored?  Yes, in the sense that the LEED 
rating systems are not formal standards in and of 
themselves.  Rather they are criteria established by leaders 
in the industry on what constitutes good practices to protect 
the environmental and enhance wellbeing of those impacted 
by development.  
Those that express disagreement with the LEED rating 
system probably need to join the industry leaders 
responsible for the rating systems.  
Conclusion:  there is no mandate in LEED, or the law, to 
garner this point, and many may in fact choose to garner a 
LEED point by the much simpler installation of a bicycle 
rack.
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Why question 30% surplus OA?
1st consider a Standard VAV System

Std. VAV AHU

VAV

OA

Space 1,
VAV w/ single air 

delivery path

• CC
• HC
• Fan
• Economizer
• IEQ
• AHU 1st cost
• Chiller 1st cost
• Boiler 1st cost
• Elec. Serv to bldg 1st cost
• Conclusion? Energy/Env

RH Allowed 
by std 90.1?
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DOAS Defined

20%-70% 
less OA,
than VAV DOAS unit w/ 

CC & Energy 
Recovery

Cool/Dry 
Supply

Parallel 
Sensible 

Cooling System

High 
Induction 
Diffuser

Building with 
Sensible 

and Latent 
Cooling 

Decoupled
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Key DOAS Points
1. 100% OA delivered to each zone via its 

own ductwork
2. Flow rate generally as spec. by Std. 62.1-

2007 or greater (LEED, Latent. Ctl)
3. Employ TER, per Std. 90.1-2007
4. Generally CV
5. Use to decouple space S/L loads—Dry
6. Rarely supply at a neutral temperature
7. Use HID, particularly where parallel 

system does not use air  
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How Important Is It To Remove The
Space Latent Load With DOAS?

This has a major impact on the SA DPT required, 
and hence equipment choices. 
I recommend limiting the latent load born by the 
terminal equipment to avoid condensation on their 
cooling coils and in their condensate pans, thus 
avoiding septic issues (i.e. septic amplifiers).  
Some may feel that there are millions of septic 
amplifiers installed with no problems; hence the 
goal of placing the space latent load on the DOAS is 
thought to be unwarranted.
However one of the main goals today of LEED and 
designers is enhanced IEQ.  Fact is: it’s well known 
that the dark, damp conditions that exist within 
HVAC units contribute to the formation of bacteria, 
fungus, and other microbes.
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Space Latent Load With DOAS?
Microorganisms are the primary cause of offensive 
HVAC odors. 
In addition, microorganisms are known to produce 
sneezing, wheezing, and other adverse wellbeing
sensations by building occupants. 
Biological growth in the condensate pans often 
cause plugged up drain lines, then overflows leading 
to ugly toxic mold and property damage —
particularly where routine maintenance is 
inadequate—unbelievably common.
These types of problems have been estimated to cost 
US businesses alone $208 billion dollars a year in 
1996 year dollars—nearly twice that today.  
I fear that all to often the industry has accepted these 
issues as normal, and regrettably see no need for 
improvement —so long as litigation free
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Atlanta Data, 12 hr/day-6 day/wk

0
10

20
30
40

50

60
70
80

90
100

110

120

130
140

150

160

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

DBT, F

W
, g

ra
in

s/
lb

Δh=26.0 Btu/lb

Δh=3.5 Btu/lb

h=27.6 Btu/lb

h=17.1 Btu/lb

h=43.1 Btu/lb

Conditions after 
the TER 
equipment & 
entering the CC

h=31.1 Btu/lb



23

What Does ASHRAE Std 90.1 Have
To Say About Total Energy Recovery?

6.5.6.1 Exhaust Air Energy Recovery. 
Individual fan systems shall have total energy 
recovery equipment with a > 50% total 
energy (Δh) recovery effectiveness when: 
– The design supply air capacity is > 5000 cfm

(loop hole 1) and 
– The design supply air is > 70% outdoor air.
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TER, What Does ASHRAE Std 90.1 Say?
Some Exceptions to 6.5.6.1:
Where more than 60% of the outdoor air heating energy is 
provided from site-recovered or site solar energy. (Loop hole 2)
Heating systems in climate zones 1 through 3 (SE US).
(Loop hole 3.  Comment:  Not applicable:  DOASs are 
cooling/dehumidification systems, with terminal heating where 
required)
Cooling systems in climate zones 3c, 4c, 5b, 5c, 6b, 7, and 8.  
(Loop hole 4.  Includes most of western US including Alaska, and 
parts of the extreme Northern parts of the following states:  
Minnesota, Michigan, North Dakota, and Wisconsin.)
Where the largest exhaust source is less than 75% of the 
design outdoor air flow (Loop hole 5.  Comment:  with less return 
air available, the benefit of and EW is diminished)
Systems requiring dehumidification that employ energy 
recovery in series with the cooling coil (Loop hole 6.  Comment:  
such energy recovery has no bearing on the performance of the EW, 
and is an unnecessary loophole in 90.1).
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Why question 30% surplus OA?
Consider DOAS.

CC
HC
Fan
Economizer
IEQ
AHU 1st cost
Chiller 1st cost
Boiler 1st cost
Elec. Serv to bldg 1st cost
Conclusion?  (1st, op, LCC, env)

OA

EW

RA
1 2 3 4

5

PH CC

Space
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How does the 62.1 flow impact DOAS 
design—w/ space latent load decoupled?

E

D

C

B

A

38.5611.731.059Museum

49.222.147.1817Office

46.0815.2342.7511.71Elem. cl

41.6310.9635.98.42Lec. cl

34.758.0624.846.2Conf. rm

SA DPT   
0F1.3*cfm/pSA DPT 

0Fcfm/pOcc.
Category

?
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How does the 62.1 flow impact DOAS 
design—w/ space latent load decoupled?
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SA DPT vs OA/person

24
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CFM/person

SA
 D

PT

Std 62.1 flow
1.3* Std 62.1 flow
more cfm/person

Required SA DPT vs. cfm/person

40%

16%

8%

4%

E

D

C

B

A

Museum

Office

Elem. cl

Lec. cl
Conf. rm

Occ.
Category

Increasing the latent load 
(200 to 250 Btu/hr-p) for a 
given SA flow rate, 
requires a lower SA DPT. 

Knee of curve 
around 18 
cfm/person

A

A’
B

B’
C

C’
D

D’

E

E’
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Operating costs for a 4,600 cfm &
6,000 cfm (i.e. 1.3*4,600 cfm) DOAS

After many assumptions, including 
operating with and without an EW, 
energy use and costs were evaluated for 
a few diverse geographical locations:
– Atlanta, GA
– New Orleans, LA
– Columbus, OH
– International Falls, MN
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Operating cost

671,764-$368-$1,562-5,256-22,3206,000
1,764-$282-$1,198-4,031-17,1194,600

2,292$575$2,8758,21141,0006,000
2,292$441$2,2046,29831,4904,600

New Orleans, LA simulation data
652,495-$685-$2,755-9,781-39,3536,000

2,495-$525-$2,113-7,502-30,1844,600
1,561$271$1,3533,86619,3306,000
1,561$208$1,0382,96514,8264,600

Atlanta, GA simulation data

Lowest
Temp
Exit
EW

Cold’st
day

Hrs
Some
Free
clg

Hours
No

Free
clg

OP
COST

w/
80%
Eff

EW-$

OP
COST
w/o
EW
$

TH
w/

80%
Eff
EW

TH, Ton
Hrs
w/o
EW

Flow
CFM

87654321
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Operating cost

593,748-$1,753-$6,914-25,045-98,7746,000
3,748-$1,345-$5,303-19,210-75,7954,600

308$35$1765042,5216,000
308$27$1353871,9344,600

International Falls, MN simulation data
612,964-$1,078-$4,297-15,402-61,3876,000

2,964-$827-$3,296-11,814-47,0844,600
1,092$137$6851,9579,7866,000
1,092$105$5251,5007,5064,600

Columbus, OH simulation data

Lowest
Temp
Exit
EW

Cold’st
day

Hrs
Some
Free
clg

Hours
No

Free
clg

OP
COST

w/
80%
Eff

EW-$

OP
COST
w/o
EW
$

TH
w/

80%
Eff
EW

TH
w/o
EW

Flow
CFM

87654321
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How about first cost, 6,000 cfm?
Columbus

OA, 83.9F
127.5 Gr/lb

AHU
CC:  26.9 ton (T):

6.8 T OA Load

75F, 50% RH
DOAS cooling:

20.1 T Total
14.9 T Sen.
5.2 T Latent

48F, Sat.
6,000 cfm

E
nt

ha
lp

y 
W

he
el

AHU first cost:  $19,800 +$12,000 installation.
Air Cooled chiller first cost:  $11,400 +$5,000 installation
Total installed cost:  $48,200
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How about first cost, 4,600 cfm? Col.

OA, 83.9F
127.5 Gr/lb

AHU
CC:  22.3 ton (T):

5.2 T OA Load

75F, 50% RH
DOAS cooling:

17.1 T Total
11.9 T Sen.
5.2 T Latent

46F, Sat.
4,600 cfm

E
nt

ha
lp

y 
W

he
el

AHU first cost:  $17,000 +$9,200 installation.
Air Cooled chiller first cost:  $11,130 +$5,000 installation
Add FCU’s to cover 3 T of lost DOAS space sen.cooling:
first cost:  $1,440+($0-$4,300 [3@$1,430 each]) install’n
Total installed cost:  $43,770-$48,070
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1st and Op Cost summary.

7 to 0.2 yearsPayback years with 
surplus air

$358-$969$4,430-$130Extra $ for surplus air
$1,204$105-$3,296=-$3,191$43,770 to $48,0704,600
$1,562$137-$4,297=-$4,160$48,2006,000

Fan op costOp. Cost OA1st costFlow
IV)  Columbus, OH, Economic comparison of 6,000 and 4,600 cfm flow with EW

8 to 0.3 yearsPayback years with 
surplus air

$280-$841$4,450-$150Extra $ for surplus air
$950$525-$3,296=-$2,771$39,450 to $43,7504,600

$1,230$685-$4,297=-$3,612$43,9006,000
Fan op costOp. Cost OA1st costFlow

III) Columbus, OH, Economic comparison of 6,000 and 4,600 cfm flow without EW
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Conclusion #1:
Choosing to increase the ventilation air to get a 
LEED point is purely optional—for improved IEQ.  
In most cases, surplus OA is an overall energy 
saver with DOAS—i.e. also contributes to energy 
category.
This is true because a DOAS with an EW operating 
with surplus OA has very low extra OA cooling 
energy use and can provide extra free cooling 
much of the year. 
However with surplus OA, not all geographic 
locations provide enough energy savings to 
warrant the modest added first cost of the 
equipment.
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Conclusion #2:
Increasing the ventilation air to spaces with low OA 
cfm/person yields big dividends in terms of allowing the SA 
DPT to be elevated while still accommodating all of the 
occupant latent loads.  
This strongly suggests a non uniform ventilation increase 
strategy.  In other words, if a space combined minimum 
OA/person is in the 18-20 cfm/person range, do not increase 
those values at all.  But for spaces with the 6 to 18 cfm/person 
range, increase those values upward close to 18-20 cfm/person 
range, then step back and assess how close the entire building 
ventilation has approached a total 30% increase.  
If after equalizing the flow rate per person to about 18 cfm, the 
30% surplus ventilation has been achieved, take the LEED 
point.  Otherwise abandoning the goal of gaining a LEED point 
by this method may be best.
Such an approach should make gaining the LEED point 
possible while significantly simplifying the equipment choices
and avoiding elevated first cost by eliminating the need for 
below freezing DPTs to some spaces.
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Conclusion #3

I prefer to see about 18-20 cfm/person 
delivered for ventilation in spite of lower 
numbers from 62.1.  
Thanks to total energy recovery and DOAS, it 
can be energy efficiently and economically 
achieved compared with VAV systems.  
Fortunately, with DOAS, that is possible by 
delivering less OA than the minimum 
required for a VAV system.  Example from 
above for the 30% surplus ventilation air 
LEED point:  
– VAV 3,774 cfm OA and 
– DOAS 2,935 cfm OA
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Conclusion #4

Experts, Pundits, and Others (maybe some in 
this room) are wrong about 30% surplus air 
(for a LEED point) being an energy waste 
(“madness”) when applied to DOAS, in most 
US geographic locations.
Ventilation surplus is also often warranted 
(for equipment selection and first cost 
reasons; topics beyond this presentation) to 
accommodate latent load without requiring 
sub freezing SA DPTs to select zones.
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Ans at:  http://doas.psu.edu


