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Rating Standard for
DX Dedicated Outdoor-Air Units

Dedicated outdoor-air units are typically used to dehu-
midify 100-percent outdoor air to a low dew point, and
then deliver this conditioned air (CA) to each occupied
space, either directly or in conjunction with local HVAC
equipment serving those same spaces (Figure 1). This lo-
cal (zone-level) HVAC equipment is then used to provide
cooling or heating to maintain space temperature. Until
recently, an industry rating standard for direct-expan-
sion (DX) dedicated outdoor-air units didn’t exist. And
without a rating standard to cite, ASHRAE Standard 90.1
has not prescribed a minimum efficiency requirement
for this class of equipment (see sidebar). In June 2013
ANSI/AHRI Standard 920, Performance Rating of DX
Dedicated Outdoor Air System Units, was approved by
ANSI and published by AHRI. This standard applies to DX
“products which dehumidify 100-percent outdoor air to
a low dew point,” and are equipped with either an air-
cooled or water-cooled condenser (including air-, water-,
or ground-source heat pumps). With this industry rating
standard in place, the ASHRAE Standard 90.1 commit-
tee proposed and published an addendum to prescribe
minimum efficiency requirements for DX dedicated OA
units (more on this later). However, because this rating
standard is relatively new, there is still confusion in the
industry when specifying the efficiency of this class of
equipment. The purpose of this EN is to introduce the
reader to AHRI Standard 920 and help specifying engi-

Figure 1. Example of a dedicated outdoor-air system
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neers cite this as the appropriate rating standard for DX
dedicated OA units.

AHRI Standard 920 or Standard 340/360?

Historically, some engineers have specified that DX ded-
icated OA units should be rated in accordance with AHRI
Standard 340/360. Is this appropriate? How does this
standard compare with AHRI Standard 920? AHRI Stan-
dard 340/360, Performance Rating of Commercial and
Industrial Unitary Air-conditioning and Heat Pump Equip-
ment, is used to rate the performance of DX air-condition-
ing equipment. This rated performance includes the total
cooling capacity (Btu/hr), full-load Energy Efficiency Ra-
tio (EER, Btu/W-hr), and an Integrated Energy Efficiency
Ratio (IEER, Btu/W-hr). IEER is a weighted calculation of
cooling efficiencies at full-load and part-load conditions.
This standard also rates heating capacity and efficiency
(Coefficient of Performance, or COP). AHRI Standard 920,
Performance Rating of DX Dedicated Outdoor Air System
Units, is used to rate the performance of DX equipment
that is used to dehumidify 100-percent outdoor air to a
low dew point. This rated performance includes the Mois-
ture Removal Capacity (MRC, Ib/hr), full-load Moisture
Removal Efficiency (MRE, Ib/kWh), and an Integrated
Seasonal Moisture Removal Efficiency (ISMRE, Ib/kWh).
ISMRE is a weighted calculation of dehumidification
efficiencies at full-load and part-load conditions. The
standard also rates heating capacity, efficiency (COP), and
Integrated Seasonal Coefficient of Performance (ISCOP,
which is a weighted calculation of heating efficiencies
at full-load and part-load conditions). The first obvious
difference between these two rating standards is that
Standard 340/360 rates efficiency (EER) by dividing the
total cooling capacity (Btu/hr) of the equipment by the
power input (W), whereas Standard 920 rates efficiency
(MRE) by dividing the dehumidification capacity (lbs of
water removed/hr) of the equipment by the power input
(kW). This highlights the difference in scope between
these two standards. Standard 920 was specifically de-
veloped to rate the performance of DX equipment that is
used to dehumidify 100-percent outdoor air to a low dew
point. The second difference is in how the two standards
determine an integrated (or weighted) efficiency rating:
IEER by Standard 340/360 and ISMRE by Standard 920.
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While both standards use four operating conditions to
perform a weighted calculation of full-load and part-load
efficiencies, the operating conditions and method of
testing differ greatly. IEER = (0.020 xA) + (0.617 xB
)+(0.238x C)+(0.125 x D) where, A = EER at 100%
capacity and standard rating conditions B = EER at 75%
capacity and reduced condenser temperature C = EER at
50% capacity and reduced condenser temperature D =
EER at 25% capacity and reduced condenser temperature

ISMRE=(0.12xA)+(028xB)+ (036 xC)+(
0.24 x D ) where, A = MRE at standard rating condition
A B = MRE at standard rating condition B C = MRE at
standard rating condition C D = MRE at standard rating
condition D Table 1 compares the rating conditions used
to determine both IEER and ISMRE for equipment with
an air-cooled condenser. Notice that Standard 340/360
requires the equipment to operate at four different dry-
bulb temperatures entering the air-cooled condenser:
95°F, 81.5°F, 68°F, and 65°F. This is intended to depict
the equipment operating during different times of the
year. However, the air entering the evaporator coil remains
the same (80°F DBT, 67°F WBT) for all four conditions,
which essentially depicts how a unit would operate with
a constant return-air condition and no outdoor air. This
is because Standard 340/360 is intended to rate the
cooling capacity and efficiency of an air-conditioner, it
doesn’t address dehumidification. During testing there is
no requirement that the evaporator achieve a dew point
temperature low enough to ensure dehumidification.

Figure 2. Evaporator entering-air conditions for standard ratings
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Standard 920 also requires the equipment to operate at
four different dry-bulb temperatures entering the air-
cooled condenser: 95°F, 80°F, 68°F, and 60°F. But the
air entering the evaporator coil matches the outdoor-air
conditions, so it is different at each of these four condi-
tions. This depicts how a 100-percent outdoor-air unit
would operate during different times of the year (see
Figure 2). In addition, because Standard 920 is intended
to rate the dehumidification capacity and efficiency of
a dedicated OA unit, the evaporator must dehumidify
the air to a leaving-air dew point no higher than 55°F at
each of the four test conditions. This emphasizes a third
difference between the standards. Whereas Standard
340/360 is a static test, Standard 920 is a dynamic test
that requires dehumidification capacity modulation via
compressor staging, variable-speed or variable-capacity
compressors, or other methods of capacity modulation.
And finally, Standard 920 also incorporates the impact of
hot gas reheat (HGRH) on equipment efficiency, since the
dry-bulb temperature of the air leaving the unit must be
no lower than 70°F at each of the four test conditions
(see sidebar). If the equipment’s HGRH system is unable
to achieve this minimum leaving-air temperature —which
is likely to occur at rating condition D, for example—
supplemental reheat energy must be accounted for when
determining Moisture Removal Efficiency (MRE). DX ded-
icated OA units are more energy intense than conventional
air conditioners for several reasons: - More compressor
capacity (and power) per CFM due to the higher sensible
load of cooling 100-percent outdoor air (versus a mixture
of outdoor and recirculated air) -+ More compressor ca-
pacity (and power) per CFM due to the higher latent load
of dehumidifying 100-percent outdoor air to no higher
than a 55°F dew point - More fan power per CFM due to
the need for deeper/denser evaporator coils and hot gas
reheat coils - Possible added power demand due to the
need for compressor capacity modulation Therefore, DX
dedicated OA units should be specified using the rating
standard (AHRI 920) developed specifically to reflect
these differences.

Table 2. i for P d DX-DOAS units without energy recovery
Equipment Type Subcategory ¥ Test p
Aircooled

(dahumidification modal HOIMRE

Airsource heat pump
(dahumidificanon modal
Watercocled cocling tower condenser water 4.9 ISMRE

4.0 ISMRE

(dshumidification model chiled water 6.0 ISMAE

Wat ground-source, closed loop 48 ISMRE AHRI Standard

b m::‘:‘ pum|’a Grouncwater-source S0 ISMRE 9202018
Watorsource 4.01SMRE

Aursource heat pump

(heating mode) 2.715c0P

Wat best ground-source, closed loop Z015C0P

B-50UICE pump

(heating mode) groundwater-source 3.21SCOP

WaterS0urce 3.51SCOP
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Table 3. Minis i i for DX-DOAS wunits with energy recovery
Equipment Type Subcategory o Tost o
Aurcocled
(deh cation ) 5.2 ISMRE
Ar-source heat pump
(dehumidication moda) S 21sMRE
Watercooled cooling tower condenser water 5.3 ISMRE
(dehumidfication moda) chiled water 66 ISMAE
We host ground-source, closed loop 5.2 ISMRE AHRI Standard

torsource heat pump o T T ISMRE 920-2015

(dehurmiddication mode)

4.8ISMRE
3.31SCOP

vatersource

Ar-source haat pump
(heating mode)

Wt . ground-source, closed loop FEI5C0P

ersource heat pump

theating ) groundwatersource 4.01SCOP
VAlersource 48 15C0P

Further, Section 6.4.1.4 of Standard 90.1 requires verifi-
cation of equipment efficiency information provided by
the manufacturer. If a certification program exists for the
product class, then the selected product must be either
listed in the directory of certified products (www.ahri-
directory.org) or its efficiency rating(s) must be verified
by an independent laboratory test report (per options B
and C, listed below). However, if no certification program
exists for the product class, then the efficiency rating data
furnished by the manufacturer is considered sufficient for
demonstrating compliance (per option D, listed below).
“Equipment efficiency information supplied by manu-
facturers shall be verified by one of the following: (a) ...
(b) If a certification program exists for a covered product,
and it includes provisions for verification and challenge
of equipment efficiency ratings, then the product shall
be listed in the certification program. (c) If a certification
program exists for a covered product, and it includes pro-
visions for verification and challenge of equipment effi-
ciency ratings, but the product is not listed in the existing
certification program, the ratings shall be verified by an
independent laboratory test report. (d) If no certification
program exists for a covered product, the equipment
efficiency ratings shall be supported by data furnished
by the manufactur-
er” 5 AHRI is in the
process of starting a
certification program
for DX dedicated OA
units, to accompany }

isture Removal Capacity (MRC) =
AHRI Standard 920. = 4.5 x Ve x (Woa - Wea) / (7000 gr/ib)
Until that is in place, e
however, efficiency
rating data furnished
by the manufactur-
er is sufficient for
demonstrating com-
pliance with Stan-
dard 90.1.

Calculating Moisture Removal Capacity
(MRC). The example in Figure 3 depicts a
dedicated OA unit that dehumidifies 4000 cfm
of outdoor air from 84°F dry bulb and 76°F dew
point (which equates to a humidity ratio of
135.9 grwater/IDdry air) to a leaving-air dew point

of S0°F (which equates to 53.4 gruater/IDdry aw).

MRC = Moisture Removal Capacity, Ib/hr
Ver = design outdoor airflow, cfm

Woa = humidity ratio of the entering outdoor
air, gr/Ib

Wea = humidity ratio of the leaving
conditioned (dehumidified) air, gr/Ib

Note: In this equation, 4.5 is not a constant, but
is derived from multiplying the density of air at
*standard® conditions (69°F dry air at sea level

How This Impacts Specifying Engineers

Use MRC and ISMRE (tested in accordance with AHRI
Standard 920) when specifying the required dehumidifi-
cation performance of a DX dedicated OA unit; and not
IEER based on AHRI Standard 340/360.

Help educate code officials that the current version of
ASHRAE Standard 90.1 does not prescribe minimum
efficiency requirements for DX dedicated OA units by
informing them about the new tables being added to the
2016 version of the standard. As explained in this EN, DX
dedicated OA units are constructed differently, tested
differently, and operated differently than conventional
DX air conditioners. Therefore, they should be specified
using AHRI Standard 920, which was developed to reflect
these differences. When specifying the required MRC for a
specific application, be sure to also specify the associated
airflow and entering-air conditions (see sidebar).

Since there was no industry standard to uniformly rate the
efficiency of this class of equipment, previous and current
versions of Standard 90.1 did not prescribe a minimum
equipment efficiency for DX dedicated OA units. This will
change with the publication of ASHRAE 90.1-2016 when
minimum efficiency requirements, tested in accordance
with AHRI Standard 920, are added to the standard for the
first time. Until the corresponding certification program
is in place, efficiency rating data furnished by the man-
ufacturer is sufficient for demonstrating compliance with
Standard 90.1. However, once the certification program is
in place, the product must be listed in AHRI’s directory of
certified products (www.ahridirectory.org) or the ratings
must be verified by an independent laboratory test report.

The required MRC of the dedicated OA unit in this
example is 212 Ib/hr (or about 25 gallons/hr):

has a density of 0.075 Ib/ft3) by the conversion
of 60 minutes/hr. Air at other conditions and
elevations will cause this factor to change.

MRC = 4.5 x 4000 ¢fm x (135.9 - 53.4 gr/Ib) /
(7000 gr/ib) = 212 Ib/hr

Figure 3.
Example calculation of MRC
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A WdAyuavUyKIBD Legionella Tudoauu

1BoluAfISY Legionella 10unduiuAfiSenfoulking
IsAfwafus:uuNMYIAUKIYRISINNdUOINISAIAAN
IUAAIRYBTQT3 Legionellosis IsARgAtylsAkdLIU
nauonNslAo Legionnaires’ disease 30INAYINIZO
NUANISYBUQ Legionella pneumophila

gnissigviunisinalsanvn3vaiusnis glisu 1013y 1as
oodlasidy  ludssnAarSToIuSNITS1I80 UWURUDERA
1JulsAidovonnido Legionella pneumophila 1,200 -
1,600 AU /U

n1ss:unauavisad kavAidalsagudusiusdu
Cooling tower Ha:iKavuIATs fuoNANS 11a:IIKavA
wusunkaviw:iBo Legionella uinAgav:idusin
Cooling tower auduKlL sovavuD:1dudndownu
la:UNNU21UUN
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rnluluds:inAlnenkaviwaagoadviduldeykiuin

idovuironussinalngidudssinAnogluivasoud
QEUKNDINATNIA:AUBUTUWNSTUUSSENENIA AIKUA:
auiduanio:necnmsivsayiauiauovidolaunsy sou
NV TY83UgRITUAEI8IUNSEISLBWUOVDABWATY?
130 Legionella pneumophila 9:01 g8 luusiDruRDUN
Judv QruKND 20-40 ovrsalBea AAWITUNSQ -
d1v S:K3W 5.0 - 8.5 1Bo1dngduuuglagiioverinfiun
INANISIANNSIDY 1U NS WUADDL dUDUUNQIANIU
diAvoUMA dovansluusseINIAUNSNVULULIFQ
auitnlUlasniskigh 15U Ikavddvdiveg o7 dad
Us:duauanmsinuizou NsuiaAUSuUANSAdUAL
na:Uovnuidolunfiise Legionella

SUA 1 13QuAISIWSAS:NEIBooNIKavunsssusaguuud Legionnaires’ disease

nkavianiiudiguinausing
(Reservoir)

Taun avifudn szuudrfénielu
21A1s U fus:uukaoidu

aoovun
(Aerosol)

IKavu10UsssSUB1aG

(water supply)
Tana srvifuda Toun urldau

mechanism of spread
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o s:uUNDAUAUSaUNDAUIdoVUIIN 1I0ULHEY 1a:aqIBo HIV e WIASUNSSNUNA28ENUIBTA 18U corticosteroids

o Mdvogfus:kIMsSnlsAuBTa 18U IsAs:uuNIGUKIETR 1UIKOU L:ISY NNsavla (Renal dialysis) 1I0UdU

NauaIN1s Legionellosis

Legionellosis 10unguainisisadoadniau TasdiuafiSundu Legionella sp. 10ucHAnafkinalsAdo 90% vovlsa
TumaUTSﬂ Leg|one||05|s INQV1A Legionella pneumophila WHSUIUOIUWTUUW\JHUD TUUOWmSTOﬂn\)uaWOIua\)mﬂu
anwsIvMEREUYSAIToISY A7UUNDSIERANIWEIMERTITOISVDLIEAY 2 ANUaUE0DAAIFEYEINISIA9INIS
KOVINUU Ao

*  dnutU:o1MS Pontiac fever Danutuzonnmsadnaldrdalkey (flu - like symptoms) S
Wnddau 0l Usaiosnauidoonnislusuisy

*  anutu:onMsuavlsA Legionnaires’ disease (Pneumonia — like symptoms) S:e:WnCH
Unendn3Iuuisn aviidkangdusudiv 2 dUank Dldgw fo kunodu Usadsu: Usanaiu
iU douwds Tnisaaidoludoq 01nsoNdsuUlIsaINGSA

-

21n1sINsndou : WUI8010D0INSUOSIULUS:ENN 13:99915:500[d UIvsIgoawUMSaaIBaluoIed:cvY 15U
IHoRUKDPINIAU WUbAUluvavohaniau lsuadniau auovaniau ladniau ksobonld Tagwiog108vrWUrend
ANDUNWSDVNIVADAUNAU

nkavrutiaisonislonaiingsonieuuudla
* Cooling tower
* 1AgourunSau KEaduiAuunriAIUSaU (Water heater tanks)

* S;uUMSNS=NEUN (Water distribution system iufugvinwrSouw
Us=au, RNUDEIKSUDNUUN l1la:ausoinassounvung lus:uuduIwavay
21A1S)

* donuthndaonmANUWalRUNNs: e dI0ua:oovnoy

*  goifiudn (Storage tanks) nasavUdmNIAZOOUSUDINA (Water tray)

*xnSIN1S:IVIBolsA***

MsIANSVIBD Legionella rMldlagnisuurindgnisunsosnuna:ANunlunsriAdua:ona Cooling tower
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