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Residential 

HVAC

Heaters

Coolers

Ventilators

—Malcolm Wells

Just two ways to deliver heat or coolth…

Convection/conduction—

• By heating air which heats people

• By cooling air which cools people

Radiation—

• Warmer objects radiate heat to people

• Cooler objects draw heat from people

Heating Sources Cooling Sources

Radiant Fireplaces/Stoves Chilled Beams

Boilers/Water Heaters

Ground/Air-to-Water Heat-Pumps

Forced-Air Furnaces Air-Conditioning

Ground/Air-to-Air Heat-Pumps

Matrix of Choices:
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It all began with primitive man…

…bringing the fire indoors…

A chimney is a stack ventilator…

…or Hot Air, Cold Back
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The Greeks were 

among the first to 

try to solve this 

problem…

While half a globe away 

the Chinese k’ang was 

similar…

Back to the future…
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Solar Hypocaust

…airflow thru 

CMU cores

Use the block cores as ducts and blocks as 

thermal mass…

 solar heated 

air in 

greenhouse 

forced into 

CMU floor
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Modern heatalators 

also aim to solve the 

chimney problem…

Add convection air 

to the radiation of 

the fire.
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Do-it-yourself…

The other approach…Russian fireplaces…now TESS
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Modern wood stoves

The best have:
• Outside air source

• Enclosed firebox

• Pelletized fuel

• Fireproof surround

Some have

• Heatalators

• A tea pot

A wood stove was incorporated 

into the design. To increase the 

stove’s efficiency, a fresh air 

intake vent was installed, but 

not connected to the stove:

Reveley Classroom Bldg. 

@ UI Pitkin Nursery

Hey! We’re moderne…

• Automatic heat

• Cheap

• Clean

• Easy

• Coal Burner
—American Home 1937
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Forced air furnaces
Use air to deliver heat

Attain 80-90% efficiency…

Boilers
Use water or steam

to transport heat

UI Admin Bldg.
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Downside?

Upside!
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Hydronic radiant floor 

systems

Even heating-Slow to respond
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Manifold shows 1 

loop for each room

Connected in 

parallel, not 

in serial!

Radiant wood floors are 

possible

No insulation!  OR      

Insulation!
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Coil placement 

strategies

Insulated!

Swamp (Evaporative) Coolers
• Require hot, dry air
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Central air-conditioning

• Ducted

• One-way heat pump w/indoor 

and outdoor components 

(compressor & condenser)

Heat Pumps heat and cool

• Air-coupled

• Water-coupled

• Ground-coupled
(up to 320% efficient)

When does it pay to replace a furnace/boiler with a heat pump?

Answer: Almost always!
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A?C &Heat Pumps

Window and wall mounted units (exterior clutter)

Ductless wall-

mounted heat 

pumps 
(interior delight)

Forced-air

Plug-N-Play Systems

Traditional 

Forced-Air

Plug-N-Play 

Forced-Air

< Size ducts 

Vs. 

< Count ducts
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Available in 

standard units 

that require 

duct work or 

all-in-one 

window units

w/o ducts.

Ground Source Heat 

Pump—Cooling Mode

Forced-Air 

Delivery

Heat pump DHW is an efficient 

all-electric replacement option.
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First cost is steeper, but operating costs are significantly lower.
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