
High-Performance 
Air Systems 

for Improved Comfort,
 Energy Effi ciency, IAQ

Experienced designers know 

that a well-designed high-

performance air system is the 

most cost-effective and 

effi cient system for many 

buildings. Thanks to industry 

and ASHRAE innovation, no 

other air-conditioning 

technology has advanced as 

rapidly over the last 10 years.
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Over the last decade, perhaps no ventilation-system type has seen more 

innovation and greater advances than the variable-air-volume (VAV) 

system. Through application of best practices and the use of modern components, 

a new generation of VAV system has emerged: the high-performance air system 

(HPAS), so called because it elevates the already high levels of performance of its 

technological forebearers.

Static-pressure and supply-air-temperature reset, along with significant 

improvements in economizer control and reliability, have slashed energy 

FRQVXPSWLRQ��&KLOOHU�DQG�URRIWRS�XQLW�SDUW�ORDG�HI¿�FLHQFLHV��PHDQZKLOH��KDYH�

increased 50 percent with the addition of variable-speed technology for fans and 

FRPSUHVVRUV�DQG�QRZ�RIWHQ�DUH�XVHG�ZLWK�JHRWKHUPDO�¿�HOGV��IXUWKHU�HQKDQFLQJ�

HI¿�FLHQF\��)DQ�DUUD\V��GLUHFW�GULYH�IDQV��DQG�DGYDQFHG�PRWRUV�KDYH�UHGXFHG�DLU�

KDQGOHU�PDLQWHQDQFH�DQG�XQLW�VL]H�DQG�GULYHQ�XS�HI¿�FLHQF\��ZKLOH�SUHWUHDWPHQW��

series energy recovery, bypass, and heat recovery have cut the amount of primary 

energy used for reheat to nearly zero.

ASHRAE research has driven changes in ANSI/ASHRAE Standard 62.1, Ventilation 

for Acceptable Indoor Air Quality, that will allow a HPAS to bring in less outside 

air than a typical dedicated outdoor-air system (DOAS) and have provided a 

standardized sequence of operations that make HPAS the easiest systems to specify 

controls for.

)RU�PRUH�HYLGHQFH�� ORRN�DW� WKH� OLVW�RI�ZLQQLQJ�SURMHFWV� LQ�YLUWXDOO\�DQ\�

building-design awards program from the last five years, and you will see 

HPAS are well-represented. In fact, from 2016 to 2018, every hospital and every 

ODUJH�RI¿�FH�EXLOGLQJ�EXW�RQH�UHFRJQL]HG�LQ�WKH�$6+5$(�7HFKQRORJ\�$ZDUGV�

program utilized a HPAS.

COMFORT AND IEQ

No issue is more important in the design of a commercial building than occupant 

comfort. To a leaseholder, employee-compensation costs are by far the largest 

expense—more than 130 times the cost of providing HVAC.1 That is why dissatis-

faction with indoor environmental quality (IEQ) is the top reason owners cite for 

why leases do not get renewed.1

The zoning capability of HPAS enhances comfort. As with zonal cooling systems, 

indoor equipment can be sized for any zone, with most zones able to be served with 

one VAV terminal; even very large open areas rarely require more than two VAV 

terminals. HPAS achieve this level of zone control much more cost-effectively than 

do zonal systems—a central system requires only a VAV terminal, while a zonal 

system requires an additional fan coil, ventilation air distribution, piping controls, 

and, often, condensate collection for each new zone. And if a building needs to be 

reconfigured, changing the capacity of a VAV terminal often is as simple as 

updating a few parameters in the building automation system.

Comfort involves more than air temperature; it also encompasses drafts, noise, 

and humidity. With high-efficiency fans located far from occupants and 
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compressors located even farther, HPAS operate at Noise 

Criterion (NC) levels lower than those of any competing 

system. Modern HPAS humidity control largely happens at 

the air handler or rooftop unit. Designers are using methods 

such as coil bypass, outside-air pretreatment, and series energy 

recovery to circulate cool, dry air throughout buildings at 

temperatures that minimize reheat well below the maximum 

level in ANSI/ASHRAE/IES 90.1, Energy Standard for 

Buildings Except Low-Rise Residential Buildings. With 

widespread use of heat-recovery chillers, many buildings use 

almost zero primary energy for reheat.

For designers using ANSI/ASHRAE 55, Thermal 

Environmental Conditions for Human Occupancy, HPAS 

solve a lot of problems. Achieving and maintaining comfort 

involves much more than the control of air temperature; how 

air is distributed also is critical. The correct setting on a 

thermostat is of no value if occupants are in the path of a 

draft. With a HPAS and data provided by suppliers, designers 

can set the location of grilles, registers, and diffusers to ensure 

proper air distribution and eliminate drafts. Not only are 

many zonal devices, particularly those in occupied spaces, 

not designed to ensure proper throws, their manufacturers 

do not supply the data required by ANSI/ASHRAE 55, mak-

LQJ�LW�GLI¿�FXOW�IRU�GHVLJQHUV�WR�VKRZ�FRPSOLDQFH�

Right behind comfort, indoor-air quality (IAQ) is a top 

concern of building owners. HPAS ensure clean air is provided 

to every part of a building. Zone air-conditioning systems, 

RQ�WKH�RWKHU�KDQG��VWUXJJOH�WR�SURYLGH�KLJK�HI¿�FLHQF\�¿�OWUD�

WLRQ�DQG�RIWHQ�SURYLGH�QR�¿�OWUDWLRQ�DW�DOO��ZKHQ�WKH\�DWWHPSW�

WR�SURYLGH�0(59��0LQLPXP�(I¿�FLHQF\�5HSRUWLQJ�9DOXH��

���SHUIRUPDQFH��IRU�H[DPSOH��WKHLU���LQ��DQG���LQ��¿�OWHUV�FORJ�

rapidly, wasting energy and necessitating more frequent 

PDLQWHQDQFH��:LWK�D�URRIWRS�XQLW�RU�DLU�KDQGOHU��KLJK�HI¿�FLHQF\�

¿�OWHUV�KDYH�D�EDUHO\�QRWLFHDEOH�HIIHFW�RQ�SHUIRUPDQFH�DQG�

reduce maintenance requirements, according to the U.S. 

General Services Administration.2 For this reason, the U.S. 

Environmental Protection Agency recommends the use of an 

HPAS-type system in schools.3

In addition to ensuring clean air, air handlers are easy to 

keep clean, meeting the accessibility requirements of ANSI/

ASHRAE Standard 62.1. Most direct-expansion (DX) fan 

coils, on the other hand, require nearly complete disassembly 

for cleaning. For owners wanting to cover all of the bases, 

XOWUDYLROHW�OLJKWV��ZKLFK�DUH�GLI¿�FXOW�DQG�RIWHQ�XQVDIH�WR�DGG�

to small DX fan coils but are a standard option in HPAS prod-

ucts, nearly eliminate any risk of biological contaminants.

ECONOMIZING

Of course, energy never is far from owners’ minds, either. It 

is easy to convince a layperson a zoned system will use less 

fan energy, but when you “look under the hood,” the advan-

tages of a central system quickly reveal themselves.

Experienced designers know compressor energy exceeds 

IDQ�HQHUJ\�E\�D�IDFWRU�RI�¿�YH�RU�PRUH�LQ�DQ\�V\VWHP��DQG�WKH�

surest way to reduce HVAC energy consumption is to turn 

off, or at least reduce the load on, compressors. This means 

economizing, bringing in 100 percent outdoor air when out-

door air has less energy than indoor air—like opening windows 

at exactly the right times. Of course, this makes IAQ advocates 

happy, as buildings can operate with 100 percent outdoor air 

much of the time in most climates.

ANSI/ASHRAE/IES 90.1 and the International Energy 

Conservation Code (IECC) recognize the value of economiz-

ing, requiring it in all but the warmest climate zones. Zonal 

systems are exempt from this requirement because the cost 

of adding economizing makes the systems economically 

unfeasible. With a HPAS, economizing is practically free. 

The duct system and VAV devices already are designed for 

WKH�DLUÀ�RZ��WKH�RQO\�UHTXLUHG�DGGLWLRQV�DUH�D�IDQ��D�GDPSHU��

and controls. California standardized requirements for 

economizer-control operation and quality in Title 24 of its 

Code of Regulations. ANSI/ASHRAE/IES 90.1 and the IECC 

have followed suit, and now controls vendors provide systems 

WKDW�DUH�UREXVW�DQG�HQVXUH�EXLOGLQJ�PDQDJHUV�DUH�QRWL¿�HG�

immediately if the system is not working properly.

FAN POWER

When applied with static-pressure reset, HPAS use much less 

fan energy than in the past. While they may use more fan 

energy than a zonal system at the building design point, 99 

percent of the time, the fans are running at much lower loads. 

In fact, for the vast majority of operating hours over the course 

of a year, HPAS fan motors consume 30 percent or less power 

than they do at full speed.
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With buildings often operated at minimum ventilation 

DLUÀ�RZV��+3$6�XVH�OHVV�IDQ�SRZHU�WKDQ�'2$6�PXFK�RI�WKH�

WLPH��:KLOH�ERWK�V\VWHP�W\SHV�FLUFXODWH�WKH�VDPH�DPRXQW�RI�

DLU��+3$6�GR�LW�ZLWK�PRUH�HI¿�FLHQW�IDQV�DQG�ORZHU�SUHVVXUH�

GURS��+3$6�FDQ�FLUFXODWH�OHVV�YHQWLODWLRQ�DLU�WKDQ�'2$6�IRU�

WZR�UHDVRQV�

• �'HPDQG�FRQWUROOHG�YHQWLODWLRQ�LV�HDV\�DQG�QHDUO\�FRVW�IUHH�

WR�LPSOHPHQW�ZLWK�D�+3$6��:LWK�D�'2$6��LW�VLJQL¿�FDQWO\�

LQFUHDVHV�HTXLSPHQW�DQG�FRQWUROV�FRVWV�

• 6LQFH�SXEOLFDWLRQ�RI�WKH������YHUVLRQ�RI�$16,�$6+5$(�

6WDQGDUG�������RXWVLGH�DLU�WR�PDQ\�]RQHV�FDQ�EH�WXUQHG�RII�

ZKLOH�WKH�]RQHV�DUH�XQRFFXSLHG��ZKLFK�FDQ�UHGXFH�RXWVLGH�DLU�

UHTXLUHPHQWV�E\�XS�WR����SHUFHQW�

FIRST AND LIFETIME COSTS

,Q�DOPRVW�DOO�FDVHV��D�+3$6�ZLOO�KDYH�WKH�ORZHVW�LQVWDOOHG�

¿�UVW�FRVW�RI�V\VWHPV�FRPPRQO\�FRQVLGHUHG��)ROORZLQJ�DUH�

W\SLFDO�H[SHFWHG�¿�UVW�FRVWV�RI�YDULRXV�V\VWHPV�

• 9DULDEOH�UHIULJHUDQW�À�RZ��95)�������WR�����SHU�VTXDUH�IRRW

• &KLOOHG�EHDP������WR�����SHU�VTXDUH�IRRW

• 9$9�URRIWRS�+3$6������WR�����SHU�VTXDUH�IRRW

• &KLOOHU�+3$6������WR�����SHU�VTXDUH�IRRW

:KDW�PD\�EH�HYHQ�PRUH�LPSRUWDQW�WR�EXLOGLQJ�RZQHUV�DUH�

OLIHWLPH�PDLQWHQDQFH�FRVWV��$�FHQWUDO�DLU�KDQGOLQJ�XQLW�RU�D�

URRIWRS�XQLW�UHTXLUHV�RQO\�SHULRGLF�PDLQWHQDQFH�DW�RQH�

ORFDWLRQ��&RPSDUH�WKDW�WR����RU�PRUH�IDQ�FRLOV�RU�KHDW�SXPSV��

HDFK�LQ�DQ�RFFXSLHG�VSDFH�DQG��LQ�PDQ\�FDVHV��UHTXLULQJ�D�

ODGGHU�IRU�DFFHVV��PDNLQJ�LW�D�WZR�SHUVRQ�MRE�

:KHQ�UHSDLUV�DUH�QHHGHG��LI�D�WHUPLQDO�IDQ�FRLO�V\VWHP�LV�

SURSULHWDU\��DV�LQ�WKH�FDVH�RI�95)��WKHUH�LV�RQO\�D�VLQJOH�

VRXUFH�IRU�UHSODFHPHQW�SDUWV�DQG�H[SHUW�VHUYLFH�SHUVRQQHO�

ZLWK� WKH�HTXLSPHQW� WR�GLDJQRVH�SUREOHPV��2Q� WKH�RWKHU�

KDQG��SDUWV�DQG�H[SHUW�VHUYLFH�IRU�URRIWRS�DQG�DLU�KDQGOHU�

V\VWHPV�DUH�ZLGHO\�DYDLODEOH�IURP�FRPSHWLQJ�VRXUFHV� LQ�

HYHU\�PDUNHW�

RECENT DEVELOPMENTS

)RU�\HDUV��GHVLJQ�RI�+3$6�ZDV�FRPSOLFDWHG�E\�WZR�LVVXHV�

• 'LI¿�FXOW\�LQ�WKH�GHVLJQ�RI�FRQWUROV�IRU�FHQWUDO�V\VWHPV�

• 7KH�PXOWLSOH�VSDFHV�HTXDWLRQ�LQ�$16,�$6+5$(�6WDQGDUG�

A B
C

CH G
B

D

E F

   Supply 
air

Return air

Outside
air

Exhaust
air

VAV diffuser or 
low-pressure-drop
VAV box and 
high-induction
diffuser

Small zones of
temperature control

To
other
floors

Low-pressure ducting 

employing static regain

Ducted high-performance air system.

A  Low-leakage/low-pressure economizer/
outside-air damper

B  MERV 13 or greater fi lters

C  Energy-recovery bypass damper

D  Total-heat energy-recovery wheel

E  Optimally sized coils

F  High-effi ciency fan or fan array with variable-
speed drives

G  Low-leakage/low-pressure recirculation damper

H  High-effi ciency fan or fan array with variable-
speed drives and low-leakage/low-pressure 
backdraft damper

w w w.amca.org2018 AMCA inmot ion6



62.1 requiring considerably more outdoor air than it did 

for DOAS.

In 2018, ASHRAE demolished both of those barriers. 

The controls issue was resolved with the publication of 

Guideline 36, High Performance Sequences of Operation 

for HVAC Systems, which gives designers a simple way to 

specify controls for an efficient and robust VAV system 

meeting the requirements of ANSI/ASHRAE/IES 90.1, 

ANSI/ASHRAE Standard 62.1, and Title 24. It includes 

sequences for single-duct and fan-powered VAV systems, 

static-pressure and temperate reset, economizer operation, 

and robust alarm requirements.

The multiple-spaces equation was eliminated with the 

approval of Addendum F to ANSI/ASHRAE Standard 62.1, 

which will be included in the 2019 version of the standard. 

Going forward, the outdoor-air-intake calculation for HPAS 

will be the same as that for DOAS: the sum of the zone 

requirements. Designers no longer will have to take lengthy 

classes to learn how to use the equation or spend hours 

struggling with spreadsheets.

For more on these developments, read “Making VAV Great 

Again” by Steven T. Taylor, PE, in the August 2018 issue of 

ASHRAE Journal (http://bit.ly/VAV_Great).

TRANSPARENT AND CERTIFIED PERFORMANCE

Part of the beauty of a HPAS is there is no mystery to it; every 

important component has a widely accepted performance-

FHUWL¿�FDWLRQ�SURJUDP��$LU�0RYHPHQW�DQG�&RQWURO�$VVRFLDWLRQ�

International programs for fan, damper, and louver perfor-

PDQFH��FRPELQHG�ZLWK�$LU�&RQGLWLRQLQJ��+HDWLQJ��DQG�

Refrigeration Institute programs for coil, air-handler, chiller, 

and VAV-terminal performance, ensure manufacturers are 

providing what is promised. In contrast, there is no perfor-

PDQFH�FHUWL¿�FDWLRQ�IRU�DQ\�'2$6�XQLW�

Unlike zonal systems that come with proprietary controls 

and sequences carefully hidden from view, HPAS are com-

pletely open. Designers understand the critical components 

and have complete control over how the systems operate. 

While minimum requirements for operation are laid out in 

ANSI/ASHRAE/IES 90.1, there are plenty of tools, such as 

Guideline 36, that allow designers to easily specify peak 

performance.

CONCLUSION

The new emphasis on system part-load operation has 

been a boon for central-station air handlers and VAV 

rooftop systems. Engineers have come to realize accurate 

modeling of real part-load performance is necessary to 

achieve meaningful energy savings. This involves use of 

best practices, including all of those discussed here. Do 

not make the mistake of using ANSI/ASHRAE/IES 90.1 

Appendix G, which, by design, incorporates only the 

EDUH�PLQLPXP�VWDQGDUGV��:KHQ�PRGHOV�UHÀ�HFW�UHDO�ZRUOG��

best-practice operation, HPAS always show an energy 

savings compared with systems originally intended for 

small buildings. When first cost, IEQ, and maintenance 

EHQH¿�WV�DUH�FRQVLGHUHG��WKH�FKRLFH�EHFRPHV�FOHDU�

To learn more, read “ASHRAE Design Guide for Air 

7HUPLQDO�8QLWV��6HOHFWLRQ��$SSOLFDWLRQ��&RQWURO��DQG�

&RPPLVVLRQLQJ�́ �SXEOLVKHG�E\�$6+5$(�LQ������
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Did you find this article useful? Send comments and 

suggestions to Editor in Chief Scott Arnold at sarnold@
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