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Stetiu [ Hao Memon Henze Lopez Zakula
(1999) (2002) (2007) (2008) (2008) (2013) (2015)

Water Chilled Chilled Radiant & TABS + Floor TABS +
panel ceiling + ceiling + free Geo HP cooling + DOAS
Dessicant Dessicant cooling Dessicant

Kyu-Nam Rhee and Kwang Woo Kim:A 50 year review of basic and applied research in radiant
heating and cooling systems for the built environment, Building and Environ, 2015;91:166-190.
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chiller boiler fan pump total

O conventional system B combined system

Hao X, Zhang G, Chen Y, Zou S, Moschandreas DJ. A combined system of chilled ceiling,
displacement ventilation and desiccant dehumidification. Build Environ 2007;42:3298-3308.
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Memon RA, Chirarattananon S, Vangtook P. Thermal comfort assessment and application of
radiant cooling: a case study. Build Environ 2008;43:1185-1196.
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Stetiu C. Energy and peak power savings potential of radiant cooling systems in US commercial
buildings. Energy Build 1999;30:127-138.
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Energy Consumption Characteristics of D DO E i) qj'llf,jo D :)17 I\ (*ELIZII:

Commercial Building HVAC Systems

Volume lll: Energy Savings Potential %3 ﬁj\ .H:H. )
otk O KREFHAHVACORKOI
o i RILF—HESEDEH

Sephir D. Hamilton

William Goetzler D *E Q 0) !és I*%iﬁ ': J:é
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Cambridge, MA 02140-2390

TIAX Reference No. 68370-00 & /\ 0) E% E 0) ?I:EE 7TT

For

H

Building Technologies Program
Project Manager: Dr. James Brodrick (DOE)
Contract No.: DE-AC01-96CE23798

July, 2002
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1. Generate initial list of technology options

-r

2. Develop preliminary technical energy savings

potential estim ates

-

3. Select S5 Options for Further Study

-

4. Analyze energy savings potential, economics,

barriers and ”next steps”

S. Select 15 op tions for more refined analysis

-

6. More refined study of economics, barriers, and

“next steps”

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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Component (24):

Component

Systems

boduoodod

Advanced Compressors

Advanced Desiccant Material
Backward-Curved/Airfoil Blower

Copper Rotor Motor

Direct-Contact Heat Exchanger
Electrodynamic Heat Transfer
Electronically Commutated Permanent
Magnet Motor (ECPM)

Electrostatic Filter

Heat Pipe

High-Efficiency (Custom) Fan Blades
High-Temperature Superconducting Motor
Hydrocarbon Refrigerant

Improved Duct Sealing

Larger Fan Blade

Low-Pressure Refrigerant

Microchannel Heat Exchanger
Refrigerant Additive (to Enhance Heat Transfer)
Smaller Centrifugal Compressors
Twin-Single Compressor

Two-Speed Motor

Unconventional (Microscale) Heat Pipe
Variable-Pitch Fans

Variable-Speed Drive

Zeotropic Refrigerant

Equ
a

ood

oodoood

ipment (10):

Dual-Compressor Chiller
Dual-Source Heat Pump
Economizer

Enthalpy/Energy Recovery Heat Exchangers
for Ventilation

Engine-Driven Heat Pump
Ground-Source Heat Pump

Heat Pump for Cold Climates
Liquid Desiccant Air Conditioner
Modulating Boiler/Furnace

Phase Change Insulation

oodwoddoduo oo dddduoddo o

fododoo

]

ystems (14):

All-Water (versus All-Air) Systems
Alternative Air Treatment (to reduce OA)
Apply Energy Model to Properly Size HVAC
equipment

Chemical Heat/Cooling Generation
Demand-Control Ventilation

Dedicated Outdoor Air Systems
Displacement Ventilation

Ductless Split System

Mass Customization of HYAC Equipment
Microenvironment (Task-ambient
Conditioning)

Novel Cool Storage

§ Radiant Ceiling Cooling/Chilled Beam ’
ariable Ketrigerant Volume/Flow

Controls / Operations (7):

googuouodd

Adaptive/Fuzzy Logic HVAC Control

Building Automation System

Complete/Retro Commissioning

Finite State Machine Control

Personal Thermostat (e.g. Ring Thermostat)
Regular Maintenance

System/Component Performance Diagnostics

Equipment

Controls/
Operations

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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Technical Energy Savings Potential
[quads]
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B 5T I HEET4.6quads

Rdiant Ceiling Cooling / Chilled Beam

’Enthalpnynergy Recovery Heat Exchangers for Ventilation

’System;’Component Diagnostics
- Dedicated Outdoor
Air Systems
Liquid Desiccant Improved Duct Sealing
; - Centrifuos Air Conditioners
| S‘mallel Centrifugal Brushless DC ’ ’
Compressors Motors
b 0 . : Displacement Ventilation
7 Microchannel
Heat Exchanger Zero-Degree Heat Pump
T T T T T T T T T 1
0 1 2 3 4 S 6 7 8 9 10

Simple Payback Period [Years]

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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Energy Consumption Reduction Theme Relevant Technologies

s Dedicated Outdoor Air Systems (DOAS)
Radiant Ceiling Cooling )

Liquid Desiccant for Ventilation Air Treatment
Energy Recovery Ventilation

Displacement Ventilation

Q

Separate Treatment of Ventilation and Internal Loads

Adaptive/Fuzzy Control
Improved Duct Sealing
System/Component Diagnostics

Fix Common HVAC Problems

Microenvironments

Displacement Ventilation

Variable Refrigerant Volume/Flow
Adaptive/Fuzzy Logic Control

Improved Delivery of Conditioning Where Needed

Electronically Commutated Permanent Magnet
Motors

Smaller Centrifugal Compressors

¢ Variable Refrigerant Volume/Flow

Improved Part-Load Performance

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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Non-Energy Benefit Relevant Technologies
Down-Sizing of HVAC ¢ Dedicated Outdoor Air Systems (DOAS)
Equipment o (Radiant Ceiling Cooling )
e Enthalpy/Energy Recovery Exchangers for
Ventilation

¢ Displacement Ventilation

¢ Novel Cool Storage

¢ Liquid Desiccant Air Conditioner for Ventilation
Air Treatment.

® Variable Refrigerant Volume/Flow

Enhanced Indoor Air Quality e Displacement Ventilation
Liquid Desiccant Air Conditioner
Improved Humidity Control ¢ Dedicated Outdoor Air Systems (DOAS)

e Enthalpy Recovery Exchangers for Ventilation
e Liquid Desiccant Air Conditioner

Notable Peak Demand ¢ Novel Cool Storage
Reduction e Dedicated Outdoor Air Systems
¢ Enthalpy/Energy Recovery Exchangers for
Ventilation

e Improved Duct Sealing _
(Radiant Cooling / Chilled Beam)
Variable Refrigerant Volume/Flow

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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Potential “Next Step” Relevant Technologies

More Research and/or Study ¢ Adaptive/Fuzzy Logic Control

Heat Pump for Cold Climates (CO; cycle)
Liquid Desiccant Air Conditioner

Small Centrifugal Compressor
System/Component Diagnostics

Dedicated Outdoor Air Systems (DOAS)
Displacement Ventilation
Enthalpy/Energy Recovery Exchangers for
Ventilation
(Radiant Ceiling Cooling )
Variable Refrigerant Volume
Displacement Ventilation
Improved Duct Sealing
(Radiant Ceiling)
Variable Refrigerant Volume/Flow

Education

Demonstration

Market Conditioning, etc. ¢ Electronically Commutated Permanent Magnet
Motors

o Enthalpy/Energy Recovery Exchangers for
Ventilation

¢ Microchannel Heat Exchangers

Kurt W. Roth et.al.: “Energy Consumption Characteristics of Commercial Building HVAC
Systems Volume 1ll: Energy Savings Potential”, Building Technologies Program (DOE), 2002
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HVAC system designer/installer education
with approach;

B Integration into commonly-used HVAC design
tools

B Demonstration of operational benefits
Cost and energy consumption comparison

with VAV system using an enthalpy wheel
and dedicated outdoor air systems.
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ENERGY |25t Building Technologies Office

Energy Savings Potential and
Research, Development, &
Demonstration Opportunities for
Commercial Building Heating,
Ventilation, and Air Conditioning
Systems

September 2011
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Manofluids Enhance

Chilled beam radiant
cooling

DOAS

Continuous
commissioning

Energy saving potential
[Quads/year]

.00 0.50 1.00 1.50 =

“Energy Savings Potential and RD&D Opportunities for Commercial Building HVAC Systems”,
Building Technologies Office (DOE), 2011
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