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Net Zero Design Approach
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Energy End User & HVAC Key Component

End uses of energy consumption by U.S. commercial buildings (2018)
British thermal units (Btu)

space heating
2,167 trillion Btu

computing
270 trillion Btu
32% of the energy
consumed by
commercial buildings
was used for space
heating

water heating

23473 trillion Btu 6,787 trillion Btu

total energy
consumption

refrigeration
369 trillion Btu

ventilation
728 trillion Btu

cooling

lightin
589 trillion Btu J g

709 trillion Btu

Data source: U.S. Energy Information Administration, Commercial Buildings Energy Consumption Survey
Note: Btu = British thermal units
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Climate and Bioclimatic Design: Psychometric Chart
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HVAC System Design Goals and Recommending Systems

Heating and cooling system for large buildings

GIVE SPECIAL Variable VAV | VAV Fan- Dual- |Constant | Multizone | Active |Passive |Fan-Coil |Close- |Hydronic |Hydronic|Central |Packaged|Ductless |Packaged|Passive |Natural Thermal | Evaporative
CONSIDERATION | Air Reheat | Induction | Powered | Duct |Air CAV Chilled | Chilled | Terminals |[Loop |Convectors| Radiant |Single- Heat Split- Terminal |Solar |Ventilation | Mass Cooling
TO THE Volume |(page |(page VAV VAV |Volume |(page Beams | Beams |(page Heat |(heating Heating |Packaged |Pump Packaged | Units Heating | Cooling Cooling |(page 237)
SYSTEMS (VAV) |175) |175) (page |(page|(CAV) |177) (page |(page |180) Pumps | only) and Units Units Units (page (page |(page231) |(page
INDICATED IF | (page 175) 175) |(page 178) |179) (page |(page182) |Cooling |(page (page (page 184) 228) 234)
YOU WANTTO: |174) 176) 181) (page 192) 193) 193)
183)
Minimize first . . . . . .
costs
Minimize . (o] . . . L] . . . . .

operating costs
and energy
consumption

Maximize control 0] . 0} o} (o} .
of air velocity and
air quality

Maintain comfort . o} . 0 .
with large heating
and cooling load
changes

Minimize system . . 0] 0} . o} . . . . ° .
noise

Minimize visual . . (¢] . 0] . 0 0O (0} . . ° . . .
obtrusiveness

Maximize . . e} . (0] . . ° °
flexibility of space
reconfiguration

Condition a large, .
single-story, open
space

Minimize floor . . 0 . . . . ° ° . . . .
space used for the
heating and
cooling systems

e Frequently use
o Less frequently used The Architect’s Studio Companion. lano & Allen. 2022



HVAC Systems and Architectural Space Implications: VAV, CAV, Multizone System & Chilled Beam
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HVAC Systems and Architectural Space Implications: Fan Coil Unit, Heat-pump, & Radiant Heating
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HVAC Systems and Architectural Space Implications: VRF + Fan Coil + Underfloor Air
Distribution

VRF Compressors

i
1.

Variable Retrigerant Flow System

-

Branch Selector Boxe

t 1
!

Fan Coll Units

2 =

Air-Handling Unit

rl—_-—-—

Variable Refrigerant Flow System .
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HVAC Systems and Architectural Space Implications: VRF + DOAS
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HVAC Systems and Architectural Space Implications: Displacement Ventilation + Perimeter Heating
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® FIGURE 7.7 Displacement ventilation diagram for an auditorium at the Science & Student Life Center at Sacred
Heart School in Atherton, California. Image courtesy of Stantec Consulting Services, Inc.

Displacement Ventilation with Perimeter Heating

Net Zero Energy Design. Hootman. 2013



HVAC Systems and Architectural Space Implications: Precooling

® FIGURE 7.13 The East San Jose Carnegie Library addition features a remote thermal mass for precooling
ventilation air. Image courtesy of Stantec Consulting Services Inc.; image by Porus Antia.

Net Zero Energy Design. Hootman. 2013



HVAC Systems and Architectural Space Implications: Heat Recovery System
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® FIGURE 7.10 Heat Recovery of a Return Airstream. Image courtesy of Stantec Consulting Services Inc.; Drawing by Jim Bums

Net Zero Energy Design. Hootman. 2013



Example of Zero Design Approach

Energy Utilization Index

80,000 -

70,000

60,000

50,000

40,000

BTU/SF/Yr

30,000

20,000

10,000 -

Baseline Energy Usage
as per Energy Code

ASHRAE 90.1 Envelope

LEED Silver
VAV All-Air

EUl= 80kBTU/SF/Yr

Baseline

Energy Usage >30%
Below Baseline

IECC 2012 Compliant
Fenestration

LEED Gold

Active Chilled
Beams/Dual Wheel
Energy Recovery

Atrium Condensative
Cooling

Intelligent Lighting
Control

Some LED Lighting
EUl= 50kBTU/SF/Yr

High Performance

Energy Usage >50%
Below Baseline

ASHRAE 189.1
Envelope

LEED Platinum
River Water Cooling
Solar Chimney
Displacement Cooling
Solar Hot Water
Solar Power Array
Advanced Daylighting

Predominately LED
Lighting

EUl= 40kBTU/SF/Yr or Less

Toward Net Zero



Systems Integration: Building Management System

=
Closed circuit Access control Fire Heating, ventilation Power/lighting Elevator
camera systems (badges annunciation and air condition control control
systems and door locks) and suppression control systems systems system

Source: GAO. | GAO-15-6 All Perfect Stories
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