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HVAC System Design Goals
• Interior Environment - Superior Indoor Environment

– Thermal comfort / acoustics / ventilation

• Energy - Ultra Low Annual Energy
– Low transport energy / flexible & adaptable / fast response to 

changing loads and ventilation requirements / low energy for 
generation of heating and cooling / zoning to allow for varying 
operating schedule

• Cost - Cost Effective
– Low life-cycle costs

• Operations - Ease of Operation
– Reliable / maintainable / long life expectancy / simplicity

• Impact - Integration with Architecture
– Floor – to – floor height limitations / classroom layout & furniture
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Building Use Categories

• Classrooms
• Administration
• Gymnasiums
• Auditorium
• Cafeteria
• Learning Commons
• Common Areas
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Classroom HVAC System Concepts

• Water – to – air geothermal heat pumps with 
dedicated outside air system

• Induction / displacement units with dedicated 
outside air system

• Radiant panel heating & cooling with dedicated 
outside air system



Martin Luther King, Jr. School, Cambridge, MA
Net-Zero Energy Charrette |   March 16, 2012

Water-to-Air Geothermal Heat Pumps

• Water-to-air geothermal 
heat pumps dedicated to 
each classroom
– Located in closets with 

access from corridor
• Pre-treated outside air 

ducted to each heat 
pump

• Well field water piped to 
each heat pump
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Induction / Displacement

• Induction / displacement 
units at perimeter of 
classrooms

• Pre-treated outside air 
ducted to each unit

• Chilled water & hot water 
from water-to-water heat 
pumps piped to each unit
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Radiant Heating/Cooling Panels

• Ceiling mounted panels
– Exposed or integrated 

into suspended ceiling
• Pre-treated outside air 

delivered to each space 
via displacement

• Chilled water & hot water 
from water-to-water heat 
pumps piped to each 
panel
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Dedicated Outside Air System (DOAS)
(Common to all classroom concepts)

• Provides ventilation
• Utilizes energy recovery 

to minimize energy use
• Pre-conditions outside 

air
– Space humidity control

• Compatible with demand 
control ventilation
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Assembly Type Spaces
(Gymnasium/Auditorium/Cafeteria/Learning Commons)

• Dedicated system for each space
– Allows for independent scheduling of each space
– Airflow and outside air varied and adjusted to 

changes in load
– Served by water-to-water geothermal heat pumps
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System Options

Indoor Environment Energy Cost Operations Impact
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Water-to-air geothermal 
heat pumps with dedicated 
outside air system

1 1 1 1 3 1 3 3 3 1 3 1 22

Water-to-water geothermal 
heat pumps with induction / 
displacment units and 
dedicated outside air system

2 2 2 2 2 3 2 2 2 2 2 2 25

Water-to-water geothermal 
heat pumps with radiant 
panel heating and cooling 
and dedicated outside air 
system

3 3 3 3 1 2 1 1 1 3 1 3 25

System Comparison Matrix
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Weighting

• Indoor Environment 15%
• Energy 25%
• Cost 20%
• Operations 35%
• Impact 5%

100%
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System Options

Indoor 
Environment Energy Cost Operations Impact
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Water-to-air geothermal 
heat pumps with 
dedicated outside air 
system

3 15% 0.45 5 25% 1.25 3 20% 0.6 10 35% 3.5 1 5% 0.05 5.85

Water-to-water 
geothermal heat pumps 
with induction / 
displacment units and 
dedicated outside air 
system

6 15% 0.9 7 25% 1.75 2 20% 0.4 8 35% 2.8 2 5% 0.1 5.95

Water-to-water 
geothermal heat pumps 
with radiant panel heating 
and cooling and dedicated 
outside air system

9 15% 1.35 6 25% 1.5 1 20% 0.2 6 35% 2.1 3 5% 0.15 5.3

Weighted System Comparison Matrix
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DRAFT Organizational Principles

Principle:
 The school fosters “subtle security.”

Principle:
 Administrators should be dispersed throughout the 

building and have “open doors.”




