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Heating

Ventilating

Air-Conditioning

Sponsored by ASHRAE

American Society of Heating, Refrigeration and Air-Conditioning Engineers

Introducing HVAC to Architects

Design buildings for this:

…but…                          do “Mixed Mode”

Mode 2. Assisted Natural Ventilation Mode 4. Partial Air-Conditioning

Mode 3. Mechanical Ventilation Mode 5. Full Air-Conditioning
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Battle of Yom Kippur (w/the ME)

From Fredrick 

Kessoler’s journal 

Inside the Endless 

House, 11 Oct 1959

Classified by Delivery Medium

Effective Air 

vs.

Wonderful Water

+

Combo?

AIR

WATER
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For medium-sized one zone bldgs.

(or one for each big zone)

1 thermostat

1 air mixture

Also known as Direct Expansion (DX)

Uses: warehouses, factories, big box retail, bowling alleys, 

the Eden Project…

DX Heating and Cooling

Eden Project, Cornwall

For multizone zone bldgs

1 thermostat/zone

1 air mixer/zone

1 supply duct/zone

Common return

Also known as Multizone

Can heat and cool simultaneously

Uses: simple buildings that need both heating and cooling…

IDL/SDL mixed use…
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Uses: cellular buildings—

hotels, apartment blocks, 

condos…

Pictured: mini-splits in an 

apartment building

For individual units

1 thermostat/unit

1 air mixture/unit

1 supply duct/unit

No shared resources

Can heat and cool simultaneously

Each unit can be metered separately
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For large IDL bldgs

1 thermostat/zone

1 re-heater/zone

1 supply duct/zone

Common return and fresh air

Lowest first cost system

Idea is to cool for biggest load,

reheat for all others…

“From an energy point-of-view can you imagine a more 

stupid system?” --John Reynolds

Fan coil units to reheat cool air…

Hand-held

Fan coil heater
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For large multi-use bldgs

1 thermostat/zone

1 mixer/zone

2 supply ducts/zone

Common return and fresh air

Mercedes of HVAC systems

Costs both more money and space…

To solve space problem use perimeter or exterior duct work.

Blue Cross Blue Shield,

Boston

Paul Rudolph

40% of the building cost is the HVAC
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For large IDL bldgs

1 thermostat/zone

1 volume control/zone

1 supply duct/zone

Common return and fresh air

For buildings that never need heating

Most common HVAC in large buildings…

Solves problem of not whether to cool, but how much to cool…

Early (1984) Displacement Ventilation System

Arup Bristol Office
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Inland Revenue, Nottingham

Chiswick Park
—Richard Rogers

Air register, adjustable

Raised floor plenum

IRIC
Raised floor for technology, 

not as a plenum.
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Winter Day, Worst Case

Summer Day, Typical

CFD Analysis of 

Displacement 

Ventilation at 

Arup Campus

Fresh air is local.

GLA London

Radiant Cooling in 

walkway

Displacement Ventilation

And Chilled Beams 

in offices

Office

Walkway
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John Hope Gateway, RBGE

Radiant Cooling via 

Chilled Beam

Chilled Beam

Hybrid system

1 thermostat/zone

1 fan coil/zone

2 supply pipes/zone

1 supply duct/zone

Common return and fresh air

Identical to 4-pipe + 

high speed air supply

Smaller air ducts…fresh air 

control

Energy Wheel
Exchanges both heat 

and humidity

Summer mode: cools fresh air and 

removes moisture

Winter mode: warms fresh air and 

adds moisture
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The traditional method (4) 

requires more cooling and 

drooling!

Economizer: Forced “natural” ventilation…
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A large mixed-use building 

may use different systems 

for different uses.

Commercial and residential 

loads in the same climate 

differ!

Advanced buildings may be 

passive/active hybrids… at UW 

this building is almost purely 

passive: natural ventilation + 

phase change material. 

In a benign climate no HVAC!

1111 Lincoln Road

Miami Beach, FL

Herzog & de Meuron
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Multiple Building Heating and Cooling Systems

Examples:

❖ Community Scale BedZED Central Heat and Power CHP

❖ District Scale Architecture 2030 District Seattle

❖ City Scale Toronto Deep Lake Water Cooling

Serves 82 dwellings plus approximately 2,500 m² of  

workspace/office and community accommodation
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Enwave, the company that owns and operates Toronto’s DLWC, says the system 
already saves 90,000 mega-watt hours of electricity use annually — roughly 
enough to power a town of 25,000

Hang in there!
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