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Presentation Outline &
Learning Objectives

Quick review of current leading building HVAC system issues.
Define DOAS.

Explain terminal equipment choices and issues.

Describe Air Side Economizer lost —implications. Break #39
Describe DOAS equipment choices and Psychrometrics.
Explain design steps for DOAS and provide example

30% surplus OA, why and does it use more energy? Break #75
Explain relevance of DOE and ASHRAE Research findings.
Describe field applications.

Conclusions.




Current HVAC system of choice:
VAV
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Std. VAV AHU

I:{:I VAV 4
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Space 1,
VAV w/ single air
delivery path

Why VAV is system of choice.

Eliminates bucking: a characteristic of
predecessor systems such as dual duct, multi-
zone, and terminal RH.

At off design conditions, the majority of the
time, fan power is reduced, i.e. at 50% flow, fan
power is 0.5°—or 12.5%. Huge improvement
over previous systems.

Single duct, and easy to design for tenant fit out.

Often thought to be simple to control —but that
is not a fact—especially with ventilation needs,
SAT reset, economizer, and building
pressurization.




Inherent Problems
with VAV Systems

= Poor air distribution

= Poor humidity control

= Poor acoustical properties

= Poor use of plenum and mechanical shaft space

= Serious control problems, particularly with
tracking return fan systems

= Poor energy transport medium: air

= Poor resistance to the threat of biological and
chemical terrorism

= Poor and unpredictable ventilation performance
,

Poor & unpredictable vent’'n performance.

OA¢=3,600 cfm
=7
OA= % OAg= 60

AHU
6,000 cfm 1,500 cfm 4,500 cfm

OA=2,250? (900+1,350) No!

Eq.for OA?  Why not?  OAreqq=900 cfm OAveqq=1,350 cfm
OA+(6,OOO-OA0)*0.225=3,600 ased on table 6-1 Over vent=2
OA—2,903, ""30A) more, but no 21:900/1,500 1,350 Cfm, UnVit
LEED point
Z,=0.6 Z,=0.3

2,903-(900+1,350)=653
more than table 6-1 value
Where does the 653 cfm go?
<

Unvit ratio = 0.225
1,350/6,000




DOAS Defined for This Presentation

20%-70% High
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Cooling System Cooling
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Key DOAS Points

100% OA delivered to each zone via its
own ductwork

Flow rate generally as spec. by Std. 62.1-
2007 or greater (LEED, Latent. Ctl)

Employ TER, per Std. 90.1-2007
Generally CV

Use to decouple space S/L loads —Dry
Rarely supply at a neutral temperature
Use HID, particularly where parallel

system does not use air 1

Total
Energy
Recovery
(TER)
Wheel
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High Induction Diffuser

Provides complete

air mixing

Evens temperature gradients in the space
Eliminates short-circuiting between supply & return

= Increases ventilation effectiveness

13

Parallel Terminal Systems

“I—— DOAS air
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J-’,ﬁi N EEE il \‘~L TTITTI
o | i
Room air
- Chilled Beams
F )
Fan Coil Units S8

Air Handling Units
CV or VAV

Unitary ACs
VRV i.e., WSHPs
Multi-Splits 14




DOAS with Parallel VAV

Std. VAV AHU

OA N o|| o
Economizer £| ° |le <O:
OA o
—f|| k(o
o |

r air unit with TER :

Outdoor air unit wit | VAV
A
e

Space 2,

DOAS in

parallel w/

VAV
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VAV Problems Solved with
DOAS/Parallel VAV

= Poor air distribution

= Poor humidity control

= Poor acoustical properties

= Poor use of plenum and mechanical shaft space

= Serious control problems, particularly with
tracking return fan systems

= Poor energy transport medium: air

= Poor resistance to the threat of biological and
chemical terrorism

= Poor and unpredictable ventilation performance
16




DOAS with Parallel FCU

e Y
i

OA

o°<0:

—

Outdoor air unit with TER

Other ways to
introduce OA at FCU?
Implications?

-
FCU__HF« -[--
R

Space 3,
DOAS in
parallel w/
FCU

17

Parallel vs. Series OA introduced for
DOAS-FCU applications?

<

Corditiored Cutdoor
Air Dirmer t Spaces

Parallel, Good

Corditicresd Curdaor A
T Lozl HYAC Linies

Series, Bad y




Common arrangement of FCU in
series with DOAS--BAD
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Usual concept of ceiling FCU in parallel
with DOAS — a false paradigm
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| RLRLCRCL LT
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Reasons given by series camp for using
series arrangement of FCU with DOAS over
the false paradigm parallel arrangement

Superior thermal comfort

Superior IAQ

Superior energy efficiency and performance
Simpler arrangement

Reduced 1%t $, labor and materials

Ideal for constant volume systems

Best for low occupancy density spaces
Simpler controls

Eliminates the need for DOAS terminal reheat
Simplifies the selection, performance and placement of
diffusers

= Eliminates the distribution of cold DOAS air to perimeter
spaces in the winter.
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The correct paradigm of ceiling FCU in
parallel with DOAS
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Advantages of the correct paradigm
parallel FCU-DOAS arrangement

At low sensible cooling load conditions, the terminal
equipment may be shut off —saving fan energy

The terminal device fans may be down sized since they are
not handling any of the ventilation air, reducing first cost

The smaller terminal fans result in fan energy savings

The cooling coils in the terminal FCU’s are not derated since
they are handling only warm return air, resulting in smaller
coils and further reducing first cost.

Opportunity for plenum condensation is reduced since the
ventilation air is not introduced into the plenum near the
terminal equipment, for better IAQ

Is not inferior to the series arrangement in any of the 11
categories sited above as advantages by the series camp,

when configured with the correct parallel paradigm -

VAV Problems Solved with
DOAS/Parallel FCU

Poor air distribution

Poor humidity control

Poor acoustical properties

Poor use of plenum and mechanical shaft space

Serious control problems, particularly with
tracking return fan systems

Poor energy transport medium: air

Poor resistance to the threat of biological and
chemical terrorism

Poor and unpredictable ventilation performance
24




DOAS with Parallel Radiant, or
Chilled Beam

Outdoor air unit with TER —

Radiant |
Panel

Space 3,
DOAS in
parallel w/
CRCP
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VAV Problems Solved with
DOAS/Radiant-Chilled Beam

Poor air distribution

Poor humidity control

Poor acoustical properties

Poor use of plenum and mechanical shaft space

Serious control problems, particularly with
tracking return fan systems

Poor energy transport medium: air

Poor resistance to the threat of biological and
chemical terrorism

Poor and unpredictable ventilation performance
26




Additional Benefits of
DOAS/Radiant-Chilled Beam

Beside solving problems that have gone
unsolved for nearly 35 years with
conventional VAV systems, note the
following benefits:

" Greater than 50% reduction in mechanical
system operating cost compared to VAV

® Equal or lower first cost
" Simpler controls

" Generates up to 80% of points needed for
basic LEED certification

27

Role of Total Energy Recovery

28




DOAS & Energy Recovery

ASHRAE Standard 90.1-2007 in section 6.5.6.1
Exhaust Air Energy Recovery requires the
following:

“Individual fan systems that have both a design
supply air capacity of 5000 cfm or greater
and have a minimum outside air supply of
70% or greater of the design supply air
quantity shall have an energy recovery
system with at least 50% total energy
recovery effectiveness.”

Std 62.1-2007 allows its use with class 1-3 air.
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Merits of Using a TER
(Enthalpy Wheel) with DOAS

= A significant reduction in the design OA cooling
load, reducing both the chiller size & the peak
demand

= A reduction in the annual OA cooling and
dehumidify energy consumption

= A significant reduction in the OA heating and
humidification energy consumption (in the N)

= Conforms to ASHRAE Standard 90.1-2007

= A major reduction in the variability of the OA
conditions entering the CC (critical w/ pkg.

equip.)

30




W, grains/lb
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Implications of the Small
Area on the Psychrometric
Chart Entering the CC

= Variation in the OA load on the CC
ranges by only 25% (from a low of 75%
to a max of 100%)

= At peak design load conditions, the
enthalpy wheel reduces the OA load on
the chiller by 70-80%. Often 40-50% of
the total design load on the chiller.
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Air side economizer lost:
implications!

= This a frequent question, coupled with the
realization that without full air side
economizer, the chiller may run many
more hours in the winter than owners and
operators would expect based on their
prior experiences.

= The following slides will address this
issue.

= For more details, please check the link:
http:/ /doas-radiant.psu.edu/IAQ Econ Ptl Pt2.pdf
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100% Air Side Economizer Lost!

ANSI/ASHRAE/IESNA Standard 90.1
Energy Standard for
Buildings Except Low-Rise
Residential Buildings

6.5.1 Air (100% OA) or Water (via a cooling tower)
Economizers: a prescriptive requirement

11.1.1 Energy Cost Budget Method, an alternative to
the prescriptive provisions. It may be employed for
evaluating the compliance of all proposed designs.
Requires an energy analysis.
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Air Side VAV Econ. Performance Vs. DOAS

An example, assuming;:

= Internally dominated cooling load building. Fully
occupied 6 days per week, from 6 am to 7 pm (13
hours per day, 4,056 hours per year).

= 100,000 cfm design supply air flow rate at 55°F
* Minimum ventilation air requirement: 20,000 cfm

= In the economizer mode, the OA flow can
modulate between 20,000 cfm and 100,000 cfm.

= Therefore, the only variability in chiller energy
consumption/demand is the economizer control

and the geographic location.
35

Objective

Show that DOAS w /o0 economizer uses less
energy than VAV with economizer

Assumes:

= 0.7 kW/ton cooling

= Fan eff. 70%: Motor eff. 90%

= Electricity: $0.08/kWh

= AHU internal AP=3", External AP=4"

36




100% OA Region:
523 hrs, Miami, FL
1058 hrs, Columbus OH.
886 hrs, Int'l Falls, MN.

Modulating OA Region:
76 hrs, Miami, FL

1894 hrs, Columbus OH.
2771 hrs, Int'l Falls, MN.

Min OA Region if Enthalpy Ctl,
or 100% OA if DBT Cil:

691 hrs, Miami, FL

419 hrs, Columbus OH.

193 hrs, Int'l Falls, MN.

OA Design:
©*—Miami, 311 T

. o4— Columbus, 290 T

196

. 168

140

C112

'\04/ Int! Falls, 271 T
Load if 100% OA, 560 T

design or maffunction 84 3

2

. £

(=]

> Min OA Region: % g

4 2766 hrs, Miami, FL g
685 hrs, Columbus, OH. 28 g

206 hrs, Int’l Falls, MN. 2

40 50 60 70 80 90 100 120
DRY BULB TEMPERATURE (F)

Economizers frequently experience
malfunctioning problems, including stuck
or improperly operating dampers.
Malfunctions can be minimized as follows:

1. quality components must be selected and
properly maintained.

2. economizer dampers need to be tested
twice annually before entering each cooling
and heating season.

Item 2 is rarely done because of operational
priorities and the frequent inaccessibility of the

hardware. -8




Industry advice when Economizers

experience repeated problemes.
Ref: http:/ /www.uppco.com/business/eba_8.aspx

= The electric utilities recommend, in order to
place a lid on high demand, “locking the
economizer in the minimum outside air
position if an economizer repeatedly fails,
and it is prohibitively expensive to repair it.

= Although the potential benefits of the
economizer’s energy savings are lost, it is a
certain hedge against it becoming a
significant energy/demand waster.”
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&E‘;ﬁn f;‘{gfs over DOAS: 100% OA Region if DBT CHl. vs, —
Columbus, $16,000 Min OA if Enthalpy ;:tl: _(DOAS) 196
Intl Falls. 18 760 234 vs. 150 KTH, Miami, FL

Fan Ob. Cost 122 vs. 87 kTH, Columbus OH.

V—p_AV fan eneriy: $41.500 53 vs. 40 kTH, Int'l Falls, MN. 168

DOAS fan energy: $8,000 y . _

DOAS Fan Savings: $33,500, / Min OA Region: 140

or 2-15 times Econ savings. Economizer does not

Modul'g OA Region vs. DOAS:7 ‘\\rf:d'uce the TH Sd": this
0 vs. 10 KTH, Miami, FL ® region compared to

0 vs. 209 kTH, Columbus @f. DOAS. ™~ . o
0 vs. 266 KTH, Intl Fall$/MN:
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L —100% OA Region vs. DOAS:
p «— | 59vs. 88 kTH, Miami, FL

94 vs. 171 kTH, Columbus 28
75 vs. 144 KTH, Int'l Falls
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DRY BULB TEMPERATURE (F)

Humidity ratio (grains/Ib)




Economizer Summary

Using water economizer with DOAS-hydronic
systems is a good idea, and can save
mechanical cooling energy.

It is recommended for applications employing
water cooled chillers.

However the DOAS-hydronic systems should
not need WSFC to comply with the Energy
Cost Budget Method of Std. 90.1.

That’s good, because many projects are too small

for cooling towers, but are excellent candidates
for DOAS-hydronic.

41

DOAS Equipment on the Market Today

I: Equipment that adds sensible energy
recovery or hot gas for central reheat

II: Equipment that uses total energy
recovery

III: Equipment that uses total energy
recovery and passive dehumidification
wheels

IV: Equipment that uses active
dehumidification wheels, generally

without energy recovery
42




DOAS Equipment on the Market Today
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Atlanta Data, 12 hr/day-6 day/wk
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DOAS Equipment on the Market Today
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DOAS Equipment on the Market Today

Desiccant added for 3 reasons: Type 3
1. 45°F CHWS still works Depassive
2. achieve DPT < freezing

Wheel
3. reduce or eliminate reheat

Return Air
Exhaust Air 10,000 cfm
11,839 cfm
Outdoor Air
11,839 cfm
Supply Air
10,000 cfm

35 Dry Bulb Temperabre i
Absolule Humidity in griib

Cooling
Caoil
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Process on the Psych Chart
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DOAS Equipment on the Market Today
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Dedicated Qutdoor Air
Systems (DOAS)

Environmental Safety
Radiant Ceiling Panels

Economic
Considerations

Proof of Concept
Technical Papers

PPT Presentations @
ASHRAE Meetings

LEED Green Building

Dr. Stanley A. Mumma,
PR.D., PE

Updated: 8/12/2009

To add this site to your favorites list, Click Here

Recent additions {left click on title in blue to read the details)
* Contaminant Transpert and Filtration Issues with DOAS Added 08/10/09
* Letters added 811 30% Surplus OA Does It Use More Energy?  Added 07/22/09
* Feedback on your DOAS projects, click here for more information. Added 07/03/09
* Mumma's slides @ ASHRAE 09 Louisville mesting Tech 12 Added 06/26/09
* New ASHRAE DOAS pub Added 02/10/09

* DOE report affirms the DOAS-radiant system's superiority. // Full Report

* A 98 ASHRAE Best Paper that led to Mumma's passion for DOAS

* DOAS SA DPT & DBT Conditions

* DOAS & Humidity Contral

* ES article May. 08: Terminal Equip. w/ DOAS. Series vs. Parallel

*NY 2008 ASHRAE Presentations: Sem 17, Seny41. or Sem 85.

* ES article August. 07: DOAS and Desiccants <;:|

* Binary Enthalpy Wheel Humidity Control in DOAZ, LB Papor

" Mumma's slides @ ASHRAE Winter ‘07 Meeting Seminar 11

* ASHRAE Journal. Designing DOAS-Radiant Sys

* DOAS Design and Operation: Avoiding Pitfalls

* Ceiling Radiant Cooling Panels w/Heat-Conducting Rails

* Role of Economizers in DOAS

* 1) MNISTIR 7244 DOAS eval. Emmerich. & 2) NIST IR 7244 DOAS

*UFAD 1) UFAD Tsunami. 2) Real Wid. 3) ASHRAE. 4) Exper, 5) DOE/NCEMBT
* Radiant panel roots: Mational Solar Water Heater Workshop Handbook or Video or Pix

Matn tn Fieet Homa e Flea Mirracenf Intarnar Evnlarar ta

Birbee sarnkel

Dedicated Outdooﬁﬁs B S
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Process on the psych chart
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Type I11 Desiccant Wheel

Type lll Desiccant Isotherm
| Typical
Leaving-Cail
P Conditions
<
& Typical
= Return-Air
3 Condgitions
2
= Heating
E -
.
o -
et
=
{ i I ——
0 o B0 o0 100
YRelative Humidity
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DOAS Equipment on the Market Today
— % Bypass
HE Exit Coil 57 DegF
9984 cfim E E 57.3 DegF . €9 grains Supply
= 825DcgF = = 98% RH 244 BTUIhL 9600 cfm
84.9 grains E E €9 grains B —— S 76.5 F —
331 BTUIb =E 24,4 BTU/h Lwg. DH )
=SE 50 gr/lb
E E 93 DeyF
HE 34 grains
27.6 BTWIh
el i Regeneration i
DX Coil ! 119 DegF 197 DegF 95 DegF E
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Psychrometric Process
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DOAS Equipment Summary:
Conditioning 1,000 scfm of 85°F 148 Gr OA

Description ce SA Cll_(())s;[irlsg]epéf Tot_al Cooling Ranking
Load, T | DBT, F CC alone, T input, T
CC alone 9.7 44 0.0 9.7 6
CC W/ HGRH 9.7 70 23 12.0 8
EW + CC 5.2 44 0.0 5.2 [©)
PCC+E(¥Y;+RHC 3.7 61.4 16 5.3 @
EW+CC+SW 4 68 2.2 6.2 5
PDHC+CC 9.0 53.1 058 9.8 7
EW+CC+PDHC 4 63.3 1.7 5.7 €D)
EW+PDHC+CC | 5.2 53 0.8 6.0 4
CC+ADesW 6.8 88.5 4 10.8 9




Top DOAS Configuration Choices

Total
Energy Dehumidification
Wheel Wheel

81
118
Exhaust Air b
11,839 cfm
Outdoor Air
11,839 cfm
85 F
1

e 8l Absolue Humidity in gl

-Temp. ('F)
—Grafns
| ——
)
Exhaust Air N d
Qutdoor Air ‘ ) ] \'
Total C
E 76 JEIE! »
117 I A B = 7

A few additional comments regarding
DOAS equipment.

= TER Effectiveness is an important factor.
= TER desiccant an important choice.

= TER purge, pro and con.

= Fan energy use management.

= Reserve capacity must be considered:
many benefits .

= Importance of building pressurization, and
the impact on TER effectiveness when
unbalanced flow exists.

= Smaller DOAS with a pressurization unit.




DOAS Design Steps

Step 1: Determine the design space condition (i.e., 75°F/50%
RH) and compute the design sensible & latent cooling loads
for each space.

Step 2: Determine the minimum ASHRAE Std. 62.1-2007
ventilation flow rate that DOAS must deliver to each space.
In some cases, flow must be increased above minimum to
dehumidify the space.

Step 3: Determine the SA humidity ratio (Wg, grains/Ib) for
each space using the following equation:

WSA = Wspace - Qlat/ (068*8Cfm)
Note: lowest W, dictates.

Step 4: In most cases, the design SA DBT will equal the
required SA DPT (required to achieve the Wg,)

Step 5: Take advantage of total energy recovery, and make
sure the exhaust can be brought back to the DOAS unit.

59

Selecting the Supply Air DPT

Qiaten=0.68*scfm*Aw (grains)

If all latent load from people @ 205
Btu/person, then,

Aw=15 gr/lb with 20 scfm/person, requires
48°F DPT if space 75°F 50% RH

or Aw=10 gr/Ib with 30 scfm/person, requires
51°F DPT if space 75°F 50% RH

60
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Parallel Device Design Steps
for Air-Based Systems

Step 1: Calculate the sensible cooling load met by the
DOAS SA in each space (Q,., poassa)-

Step 2: Calculate sensible load remaining on the
parallel system for each space.

Step 3: Select the SA DBT for parallel systems (e.g.,

55°F —hold above the space DPT to avoid
condensation).

Step 4: Determine SA flow rate in each parallel sensible
cooling device

Qsen,parallel

SCfmparallel =

1'08*(DBTSpace - DBTSA,parallel) 62




Parallel Device Design Steps
for CRCP System

Step 1: Calculate the sensible cooling load met by the
DOAS SA in each space (Qq., sa)

Step 2: Calculate sensible load remaining on the
parallel system for each space: Q.. paner-

Step 3: Select the design panel cooling capacity
(dpanel) from manufacturer’s catalog or other
sources. This is a function of panel inlet water
temperature (>space DPT), panel flow rate,

enclosure design, etc.
Step 4: Determine required cooling panel area
Apanel = Qsen,panel / qpanel
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Example Design Calculation for
DOAS w/ VAV Comparison
Building Data:

70,000 ft2 3-story office buildin

350 occupants, 2}215 Btu/hr sen, %05 Btu/hr lat.
Uncorrected Ventilation: 350*5+70,000%.06=5,950 scfm
Other lat load: 20 Btu/hr-person

Internal generation, lights & equip: 4W/ft? or 80 tons
Design Envelope load: 15 tons sens.

Design Space: 75°F for VAV, 78°F DBT, 40% RH
DOAS

SA, VAV, 55°F and Sat, DOAS 44°F and Sat.

OA conditions, St. Petersburg, 94°F DBT, 80°F WBT
Max Zp=0.55

DOAS energy recovery, single EW eff=0.85

Radiant Panel avg heat flux, 34 Btu/hr-ft?

64




VAV Design Calculation Summary

9,916 scfm HQcc:164 Ton
OA load, gg; ‘?A?Cfm
55.6 Ton )
Qs=102 ton
Q,=6.6 ton

75F DBT, 51.3% RH
W=66.67 gr/lomp,
h=28.44 Btu/lbmp,

65

DOAS Design Calculation Summary

7,921 scfm

T
P

Chiller, 116 ton

[Qec=38 Ton DOAS Qs,

24 .4 ton

OA load,
7 Ton w/
HR

TR Y
YA
)
s

TR
PR
)

R
N Y
N Y
N Y

%
)
a5

7,921 scfm Panel, 78 Ton,

44°F, SAT 27,480 ft2,
I 399 ceiling
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VAV vs. DOAS/radiant comparison

VAV DOAS/Radiant
OA, scfm 9,916 7,921
OA, .4 Tons 55.6 7
CCyagr Tons 164 38,

(7 OA, 31 Internal)

Terminal load,

Tons 0 78, rad. panels
Total Chiller o
load, tons 164 116 (70%)
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Leadership in Energy and Environmental Design

LEED 2009 for New Construction and Major Renovations
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IE Q Prerequisite 1: Minimum Indoor Air Quality
Performance Required

Intent

To establish minimum indoor air quality (IAQ) performancefto

the comfort and well-being of the occupants.

Requirements

CASE 1. Mechanically Ventilated Spaces

Meet the minimum requirements of Sections 4 through 7 of
ASHRAE Standard 62.1-2007, Ventilation for Acceptable
Indoor Air Quality (with errata but without addendal).
Mechanical ventilation systems must be designed using the
ventilation rate procedure or the applicable local code,
whichever is more stringent.
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30% surplus air questioned!

| Building Scier~22

| The following article was published  ASHRAE Journal, Movember 2008. ¢ Zopyright 2008 Amarican Society of Healing. Refrigerating and
Air-Conditioning Engineers, Inc. Itis .. ~~ad for educational purpos~- . Thig articls may not be copied and/or distributed electronically

or in papar form without parmissgion of A, .

Why Green Can Be Wash

By Joseph W. Lstiburek, Ph.D., PEng., Fellow ASHRAE  miirory Nore: Tetters to the editor are welcome far this colunm.

Send letters to the editor ot fturmer@ashre.ore. Letters should not

Do you want to save serious energy and serious money?

Then, don’toverventilate. Tlas idea of gelling green points by
increasing the rates above those specifiad by Standard 62 is just
madness. Whatever happened to source control?
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Calculating the OA load:

Very important to get correct!

hoa hsa
W AHU -
o Msa™ Mor 1900 cfm 1,350 cfm
11 Qoar™Mon*(hoa-hsp)
75F 75F
2: Qoaz=Moa*(Noa -Nieier) 50% RH 50% RH

Qgiag=Msa*(NrelierNsa)=Qoa1-Qonz

hRelief

<
S0, Qoa IS correct: QOAleOAcorrect+QBldg= coil loady,
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ASHRAE HQ, Atlanta o
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Sustainable Sites 26 Possible Points
I Prerequisite 1  Construction Activity Pollution Prevention Required
O Credit 1 Site Selection

=[] Credit 2 Development Density and Community Connectivity
O Credit3 Brownfield Redevelopment
O Credit 4.1 Alternative Transportation—Public Transportation Access
O Credit 4.2 Alternative Transportation—RBicycle Storage and Changing Rooms




Why question 30% surplus OA?
15t consider a Standard VAV System

CcC - 3 II @

HC _Std. VAV AHU

Fan -

Economizer ti/Hsgllg\gi%
IEQ -
AHU 1st cost VAV 4
Chiller 1st cost |
Boiler 1st cost Space 1,

Elec. Serv to bldg 1st cost

VAV w/ single air

delivery path

Conclusion? Energy/Env
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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? (1%, op, LCC, env)

EW

RA

OA
PH

CcC

4 | Space
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How does the 62.1 flow impact DOAS
design—wy/ space latent load dec

Occ. SA DPT
Category fm/p OF r Ve
A | Conf. rm ov
359 7

-—
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Required SA DPT vs. cfm/person
SA DPT vs OA/person
52
) | A4
0 g s
Occ. C’ LJ/‘/\ |
46 - e K f
Cateoo 8% nee of curve
8ory 44 Zd around 18
A| Conf.rm _ 42 /%/ cfm/person
B| Leccl g 40 16% ' — —
eec 0 38 nE Increasing the latent load
C| Elem.cl & 36 sz (200 to 250 Btu/hr-p) for a
) 34 |A ~1 given SA flow rate
Off : ’
D e 32 - requires a lower SA DPT.
E | Museum 307 400/7/ i e SaezLion
28 / W 1.3* Std 62.1 flow
22 A‘ ‘A more cfr‘n/per‘son
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S.S.

CO, PPM wvs. cfim/person

Assumes an
OA CO, conc.
of 400 PPM &

an occupant
CO, gen. rate
of 0.31 L/min.

SA DPT

Note: CO,
conc.ls a
measure of
dilution, i.e.

IEQ
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Knee of curves
~18 cfm/p
i.e. increased
flow/p yields
minimal returns
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r 1,470
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2,130
2,020
1,910

r 1,800

1,360

Space CO2 , PPM

1,250
1,140

r 1,030

920
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30% surplus OA Hypotheses:

in context of DOAS

= Increasing the ventilation air flow rate will increase
the energy required to cool and dehumidify, as well
as temper the outdoor air (OA), but only about 20-
25% as much as would occur if TER equipment

were not used.

= Increasing the DOAS ventilation air flow rate will

result in a reduction in the winter cooling plant

operation, saving operating cost.

= The extra free winter cooling will more than offset
the increased cooling energy use during the
summer months, i.e. refuting the “madness”
statement in the ASHRAE Journal article.
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Test of the hypotheses based upon a 4,600
cfm & 6,000 cfm (i.e. 1.3*4,600 cfim) 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 Oirleans, LA
- Columbus, OH
- International Falls, MN

Ref: http://doas-radiant.psu.edu/mumma Journal 30 PC OA 6 09.pdf
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Operating cost

1 2 3 4 5 6 7 8
OoP Lowest
Flow TH oP COST Hours Hrs Temp
TH w/ COST .
CFM wio 80% wio w/ No Some Exit
EW Eff EW 80% Free Free EW
EW $ Eff clg clg Cold’st
EW-$ day
Columbus, OH simulation data
4,600 7,506 1,500 $52F ! $105 1,092
6,000 9,786 1,957 $68E | $137 1,092
| o YaYateld
4,600 | -47,084 | -11,814 -$3,296 2,964
-$1,001
6,000 |-61,387 | -15,402 -$4,297 | “wauio 2,964 61
International Falls, MN simulation data
4,600 1,934 387 $135 I $27 308
6,000 2,521 504 $176 | $35 308
4,600 | -75,795| -19,210 -$5,303 |$:’|‘:46?|.;|.r 3,748
6,000 |-98,774 | -25,045 -$6,914 | A 3,748 59

15t and Op Cost summary.

111) Columbus, OH, Economic comparison of 6,000 and 4,600 cfm flow without EW

Flow 1st cost Op. Cost OA Fan op cost
6,000 $43,900 $685-$4,297=-$3,612 $1,230
4,600 $39,450 to $43,750 | $525-$3,296=-$2,771 $950
Extra $ for surplus air $4,450 to $150 -$841 $280
Payback years with 8to 0.3 years
surplus air
IV) Columbus, OH, Economic comparison of 6,000 and 4,600 cfm flow with EW
Flow 1st cost Op. Cost OA Fan op cost
6,000 $48,200 $137-$4,297=-$4,160 $1,562
4,600 $43,770 to $48,070 | $105-$3,296=-$3,191 $1,204
Extra $ for surplus air $4,430 to $130 -$969 $358
Payback years with 710 0.2 years
surplus air
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30% surplus Conclusion #1:

The veracity of the Journal article claim
concerning the cooling energy waste

“madness” of garnering a LEED point in the
IEQ category has been disproved w/ DOAS.

Even Atlanta and New Orleans, locations
not required by Standard 90.1 to have
economizers, used less cooling energy with
30% surplus OA.

Significantly more energy savings were
demonstrated for Columbus and
International Falls, where economizers are

required.
85

30% surplus Conclusion #2:

The 3 hypotheses set forth above were

confirmed:
A TER device substantially reduces the
summer cooling energy used to treat OA.

30% surplus air is quite beneficial in the
winter at reducing the cooling plant energy
use.

The winter savings offsets the added
cooling energy use during the warm
months for the locations explored.
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30% surplus Conclusion #3

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 ~ 18 cfm/person, 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 cfm/person. Then step back and assess how
close the entire building ventilation has approached a
total 30% increase. 87

30% surplus Conclusion #3, cont’d

If, after equalizing the flow rate per person to about
18 cfm, the 30% surplus ventilation has been achieved,
take the LEED point. Note, the point is simply a
by-product of elevating the SA DPT.

Otherwise abandoning the goal of gaining a LEED
point by this method (time to consider the bike
rack?!:) —but don’t reduce the cfm/person

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. 88




30% surplus Conclusion #3, cont’d

Increasing the OA flow rate beyond 18
cfm/person yields diminishing returns in
terms of increasing the required SA DPT or
enhanced IEQ achievement.
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DOE Report: Ranking of DOAS
and Parallel Radiant Cooling

Energy Consumption Characteristics of
Commercial Building HVAC Systems:
Volume 111, Energy Savings Potential

Awvailable at:
httpy//doas-radiant.psu.edu/DOE_report.pdf
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Table 4-1: Energy Savings Potential Summary for 15 Options

Technology Option technology ;::Pnn;:a;ir;:ig;;
Status (quads)

Adaptive/Fuzzy Logic Controls New 0.23

— Dedicated Outdoor Air Systems Current 0.45 i
Displacement Ventilation Current 0.20 #3 1
Electronically Commutated Permanent Magnet Motors | Current 0.15
Enthalpy/Energy Recovery Heat Exchangers for Current 0.55

" Ventiation i Y AN 1
Heat Pumps for Cold Climates (Zero-Degree Heat Advariced 0.1 # 2
Pump)
Improved Duct Sealing Current/New 0.23
Liquid Desiccant Air Conditioners Advanced 0.2/0.06"
Microenvironments / Occupancy-Based Control Current 0.07
Microchannel Heat Exchanger New 0.11
Novel Cool Storage Current 0.2/ 0.03"

P Radiant Ceiling Cooling / Chilled Beam Current 0.6
Smaller Centrifugal Compressors Advanced 0.15

_—» System/Component Diagnostics New 0.45 #1
Variable Refrigerant Volume/Flow Current 03 \

\

#3
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Both DOAS and Radiant
Have Instant Paybacks
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» |
m 0.5 -
= 3 e System/Component Diagnostics
e T L 4 L d
& 0.4 - Dedicated Outdoor
= Air Systems
w
= 0.3 :
o Liquid Desiccant Improved Duct Sealing
2 " L. Al i
E 0.2 4 E:::Ilrr Centrifugal Brushless DC ".C”'J“W"‘“ ¢
RETAINTS Motars
L] &’ Displacement Ventllation
@ 0
= = 1 Microchannel
Heat Exchanger Zero-Degree Heat Pump
0.0 +— T T — T T T T \
0 1 2 3 4 5 ] 7 B 10
\ Simple Payback Period [Years]

Figure 5-2: Estimated Technical Energy Savings Potential and Simple Payback Periods for the 15

Options




What has ASHRAE sponsored
research found?

ASHRAE 1254-RP EVALUATING THE ABILITY OF
UNITARY EQUIPMENT TO MAINTAIN ADEQUATE
SPACE HUMIDITY LEVELS, PHASE I

FINAL REPORT

Results of Cooperative Research between the American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., and censored

Office: 1 story 6,600 ft2
Retail: 1 story 79,000 ft?

May 31, 2006 93

Base Case: DX, 350 cfm/ton

Compressars Condensers

Q Stage 1
—t
Q Stage 2
Filker {11, —t
i T |{ Fan

Outdoor Air—l_‘ T | Evoporators | | |

Faturn Air Supply Alr
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DX (400 cfm/ton) with Desiccant

Outdoor
o J L Exhaust
£
+@®— . —0¢ —o—
2 = &
E c
8 0 =
: N
2 —3 £
Process Air Streat g
(]
Outdoor Supply
95
DOAS w/ Desiccant +DX
T . E [ .
i Fan 5 E % h&
= E |_ﬂu1dr:|ur Alr
& —| |&] 350 cfm/ton
z Bl |o
Duktdaor Air /_l ;_% Fam
[
E 400 cfm/ton
o
% Fan
S
| ! T ! ! .'L 1
Return Air v 96

Supply Air




DOAS w/EW +DX

Evaporatars

350 cfm/ton
= CC|
o
] —
/ 5 Fan
-
%]
Cutdoor Air —‘ 5
] ey
2
«— | F +
Exhoust Air an 5
AR
|
400 cfm/ton
CQ
| Fan

i 7
Raturn Air Supply Air 9
Performance for office, based
L] L] ’
upon 62.1-2007 ventilation req’d
Humidity Control (Occ. Hours >65% RH)
Location Miami Hous | Shrev | Ft. Wor | Atlant | DC | St. Lo NY Chic Port
DX w/ Desiccant 0 0 0 0 0 0|0 0 0 0
DOAS w/ Des. +DX 0 0 0 0 0 0 0 0 0 0
DOAS w/ EW +DX 0 0 0 0 0 0 0 0 0 0
Annual Op Cost vs. Base DX
DX w/ Desiccant 52% | 23| 18 | 12 9 1] -2 1 -8 -1
DOAS w/ Des. +DX | 48% | 18 | 14 8 8| -3|-5|-6|-14| -8
DOAS w/EW +DX |[-18%|-21|-20| -19 |-19|-23|-26|-19 | -26 | -14
LCC: Equipment 15t + 15 yr Gas and Electric $, 1,000's 2004 dollars
DX w/ Desiccant 51 |45| 43 | 45 |40 |44 |41 |59 | 41 | 38
DOAS w/ Des. +DX 54 |48 | 46 | 48 |44 |47 | 45 | 63 | 45 | 42
DOAS w/ EW +DX 35 |35 33| 37 | 3337|3552 | 37|36




Performance for retail, based
upon 62.1-2007 ventilation req’d

Humidity Control (Occ. Hours >65% RH)

Location Miami | Hous | Shrev | Ft. Wor | Atlant | DC | St.Lo| NY Chic | Port
DX w/ Desiccant 0 0] O 0 oj(o0j|j0] O 010
DOAS w/ Des. +DX 0 0 0 0 0 0 0 0 0 0
DOAS w/ EW +DX 0 1 6 0 0 0 0 0 0 0

Annual Op Cost vs. Base DX (%)

DX w/ Desiccant 169 |79 | 75 | 47 |61 |18 |14 | 6 | -11 | -2
DOAS w/ Des. +DX | 137 |53 | 44 | 20 |20 | -9 |-11|-14 | -30 | -15
DOAS w/ EW +DX -39 (42| -41 | -42 |-41|-51|-54|-44 | -55 | -28

LCC: Equipment 15t + 15 yr Gas and Electric $, 1,000's 2004 dollars

DX w/ Desiccant 322 | 250 | 235 | 226 | 210|209 | 189 | 247 | 174 | 148
DOAS w/ Des. +DX | 313 | 245 | 228 | 220 | 203 | 205 | 189 | 242
DOAS w/ EW +DX 88 | 91 | 90 | 104 | 92 | 100 | 90

174 {153
138 | 100 | 106

Do Other DOAS-Radiant Systems
Currently Exist—in the US?

Let’s look briefly at one
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Max points, 272: VAV 53%, DOAS-Rad 90%

Sys. Alts Ig? 1st$ |Op. $|DBT Ctl.| Plenum | AHU |Future |Maint|Ductwork | Noise | Total
(wtg) (5) 4) (3) depth (5) (1) |Flex (4)] (3) (2) (2) Score

FCU w/ DOAS 5/25 | 7/135 | 1/4 13 6/30 8/8 1/4 113 6/12 112 126

VAV, HW RH 4/20 | 5/25 |3/12| 5/15 2/12 4/4 5/20 | 7/21 2/4 714 145

LT VAV, HW RH | 4/20 | 6/30 | 4/16 | 6/18 3/30 414 | 6/24 | 7/21 3/6 714 183

FPVAV, HWRH | 2/10 | 4/20 | 5/20 | 4/12 4/20 8/8 | 3112 | 3/9 418 2/4 123

FPVAV, Chw recool| 1/5 | 3/15 |6/24 3/9 5/25 8/8 4/16 | 2/6 714 3/6 128

LT DDVAV 3/15 | 2/10 | 2/18 2/6 1/5 4/4 2/8 | 4112 12 5/10 80
UFAD 6/30 | 1/5 |7/28| 8/24 8/40 414 | 8/32 | 5/15 8/16 4/8 202
CRCP-DOAS 8/40 | 8/40 | 8/32| 7/21 7135 8/8 | 7/28 | 8/24 5/10 8/16 254

« Category Feature rating/score

« System performance in a category (i.e. 15t cost) rating 1-8 (8 Best): i.e. FCUw/ DOAS meeting 15 cost earns a 7

< Importance weighting of a category 1-5 (5 most important)

« Score: in a cell: product of importance weighting and system performance. i.e. for CRCP-DOAS in the category of
Op $, the score is 4*8=32

Conventional VAV 145 pts: DOAS-Rad 254 pts
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A few other DOAS Applications
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ASHRAE HQ, Atlanta, GA
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Air Cooled DX DOAS




Chiller serving
2-pipe FCU’s




Mumma Preferred Equipment Choices

= Always consider dual path DOAS to the spaces,
and use where it makes sense.

= I have yet to find a DOAS application where
EW’s should not be used, when controlled
properly.

= In most situations, use mechanical refrigeration
to dehumidity, even if it means increasing the

ventilation rate above the Std. 62.1 minimumes.
Choice is supported by the ASHRAE research.

= To achieve the low temperature chilled water
economically, use OPAC where cost effective.

111

Conclusion

= [t is time to select systems that solve the
inherent problems of VAV,

= While retaining the advantages of VAV,
= At equal or lower first cost,
= With lower operating cost,

= And achieves superior humidity
control, thermal comfort, sense of
wellbeing and productivity.
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Illustration of the performance difference:
series vs. parallel FCU-DOAS

Assume a 1000 ft? classroom:
e Default values from Std. 62.1-2007

35 students, 13 cfm of OA /student, or 455 cfm
*OA Occupant latent load, 7,175 Btu/hr
*DOAS supply air (455 cfm) at 45°F
*FCU used to support DOAS: series or parallel
*Room DBT maintained at 75°F each case
*Sensible load assumed for each case, 20k Btu/hr
*Resulting room condition each case:

75°F DBT, 56°F DPT, 52% RH
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Fan Coil Performance in the
Parallel DOAS-FCU Arrangement

455 cfm from DOAS, at 45F and saturated,
Providing 14, 742 Btu/hr sensible cooling and all
o ife  the latent cooling (7,175 Btu/hr)

Dredic

75F DBT, #
56F DPT,
52% RH

«

i e
Corditored Cutdoor
Air Direct we Spaces

Sensible load for FCU, 5,260 Btu/hr
Coil 12 X 12, 3rows deep, 10 fpi

Table 1. Coil Performance for the Paraliel FCU

Finned height 2in
Finned length 121in
Rows deep 3
Fins per inch 10

Tube OD and thickness

5/8 OD, 0.020 wall

Fin material and thickness Corrugated Al 0.0060” rh.{cy’
Face Area 14t
Air flow 420 scfin
Face Vel. 420 fpm
Air side pressure drop 0.17in WG
Entering air DBT 7SF
Entering air WBT 63F
Leaving air DBT 63.2F
Leaving air WBT 58.7F

Entering chilled water temperature

Leaving chilled water temperature

=
=

Circuits “ 4
GPM 3
Water side pressure drop 1.5 ft H,0
Liquid velocity 1.4 fps

Total capacity

5.260 Btu/hr

Sensible capacity

5,260 Btuw/hr—Dry coil!

Fan Coil Performance in the Series
DOAS-FCU Arrangement

455 cfm from DOAS, at 45F and saturated,

Providing all the latent cooling (7,175 Btu/hr)
g s

-

ol

o T a8

DOAS and return  75F DBT,

air mix before 56F DPT,
entering the CC.  52% RH

The mix is 33%

OA. :

The FCU supplies 61.3F air to the

space. Or 20,000 Btu/hr sen. cooling.

Coil 12 X 12, 3rows deep, 10 fpi

The mix condition entering the coil is

65F DBT, 57.24F WBT, and 52.9F DPT.

Same coil as for Parallel arrangement!
Table 3, Coil Performance for the Series FCU

Finned height 2in
Finned length 2in
Rows deep 3
Fins per inch 10

Tube OD and thickness

5/8 OD, 0.020 wall

Fin material and thickness

Corrugated Al 0.0060” thyek

Face Area 14t
Air flow 1,380 scfm 4
Face Vel 1,380 fpm 4
Air side pressure drop 1.4in WG
Entering air DBT 65.1F
Entering air WBT 57.8F
Leaving air DBT 61.4F
Leaving air WBT 58.5F
Entering chilled water temperature 53F
Leaving chilled water temperature / 55.2F
Circuits P 4
GPM 5
Water side pressure drop 1.5 ft H,O
Liquid veloeity 1.4 fps

Total coil capacity

5,260 Btw/hr

Sensible coil capacity

5,260 Btwhr—Dry coil!




Some ATC Design Issues and
DOAS in a Campus Building
with FCUs and CRCPs
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Academic Building, PA




HRF02-ACFO06 ATTIC ROOM 501 SERVES FORTH FLOOR 01-92

80% - 85% of OA

cooling load could.b_e Reheat adds significant
saved if wheel on: in cooling load, beside

this case almost 50% wasting heating energy.
of coil load

Y

T4 *‘" e
.“ | & }M w5

Normal

HRF02-ACFO6 ATTIC ROOM 501 SERVES FORTH FLOOR 01-92

Even after resetting the SA
setpoint, reheat still adds to the
cooling load, and is still wasting
heating energy. Need to
eliminate this waste, Suggestion?

w=62 grflbm
Harmal

Naormal

1 w=75 grlbm




HRF02-ACF06 ATTIC ROOM 501 SERVES FORTH FLOOR 01-92

, If using CRCP’s be sure
to either tie panel inlet water temp.
to actual leaving DPT, or provide
other condensate control.

Narmal

v

rocze 1Y
Marmal M ] 531
WL

N

H
)

SA DPT reset, and
Reheat eliminated!

Common pitfalls to be avoided when
applying DOAS?

= Inappropriate control of the EW
= Wasteful use of reheat
* Improper SAT setpoints

= Loss of virtually all free cooling when cold
outside

= Insufficient instrumentation, can’t detect poor
performance and places system at the risk of
freeze-ups

= Little or no interlock between chilled water
temperature and the risk of condensation

problems
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f 193
L

Example of 7
an incorrect [+7%"
EW control

logic Vi

¢ EW off 75.;

168

142

®ru 112

= S >< z

+EWon » v - 84 'i

I

[ &

/'<><.>< ~| > £

Bres Rt
><><‘<F ™~ N

LIET HULH TEMFERMIUR: (F)

123

EW control for

) L] / /
various OA 7\ 198
conditions
EW on when / 168
OAh>RAh ¥, %K\(
/4/ N j
S&a@, << ; - 112
wet EW off A >< Moo
\FX E
D — = o ™56 §
dry S dr ~] E
EWt P EW ¥ ' £
o modulate { - o=
or duty cycle to off ~ \ =
hold SAT SP L >
wl:wn OA < SAT SP ;{’\L *
a El 1] il Ll 9 00 Kl

DAY BULB TEMPERETURE (F)
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EW Duty cycle defined

RAT, 72F

OAT=40F SAT=0AT when EW off (40F)

SAT=OAT+RAT-OAT FEWeff
(65.6F)

By adjusting the EWYW OM time (54 7% or 8.2 min) in 1 period {15 min)
can get an avg. temperature equal to the desired SAT (54F). Duty
cycle changes to 100% ON at 40F OAT to avoid tripping freere stats,
MNOTE: HC must be off since when BV off, DAT < DATSP and the

CC must be off when the EVY onl 125

HRFO1-ACFO3 MECH RM MO11 SERVES GROUMD FL 01-19 - DAT & Wheel
——ENTWHL S5

00 830 9:00 @30
——HRF DAT - ACF DAT — —ACF CWDAT ——HRF OAT
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EW operation when OA below 54F

70
[
No duty Cycle, EW _
68
on below 54F OAT Phd
66 'x’
L 6 ‘ /
g
3 62
o
g EW Duty cycle
aE) s between 54 and
':( 40F to hold SAT,
0 ® / then EW on.
54(---.- - m m mmmemom= [
o EW speed modulated between 54
and -18F to hold the desired SAT
50 |
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What are the common pitfalls to be

avoided when applying DOAS?

= Controls not tuned — therefore much hunting

= Old attitudes when system found to be
functioning improperly: “The building is quite

comfortable while operating at these

conditions. There is little concern over not
operating at the “ideal” design conditions.”

= Reminds me of the time I drove across country
with the air pressure in my tires at 10 psig. The
ride was quite comfortable, but the gas mileage
was pathetic and the tire wear unacceptable.

= For more details, visit:

http:/ /doas-radiant.psu.edu/IAQ Pitfalls sum_06.pdf
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How about first cost, 6,000 cfm?

Columbus

=

3

=

=

==

= 75F, 50% RH

== AHU DOAS cooling:
OA, 83.9F T | cC: 26.9ton(T):| | 48F Sat. | 501 T Total
127.5 Gr/lb — | 6.8T OALload 6,000cfm | 149 T Sen.

— 5.2 T Latent

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.

N T

AHU
OA, 83.9F CC::22:31on(T): 46F, Sat.
127.5 Gr/lb 5.2°T OA Load 4,600 cfm

[T R

75F, 50% RH

DOAS cooling:
17.1 T Total
11.9T Sen.
5.2 T Latent

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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Total Energy Recovery Wheel
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Questions?

Stanley A. Mumma, Ph.D., P.E.
Penn State University
sam11@psu.edu
http:/ /doas-radiant.psu.edu
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Evaluation and Certificate

= Please fill out the course evaluation form and
return it to the monitor. Comments and
suggestions are welcome.

* You will receive your Certificate of Attendance
when you finish the evaluation form.

= If you have any questions about ASHRAE
courses, please contact Martin Kraft, Managing
Editor, at mkraft@ashrae.org
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