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Learning Objectives

* Describe the difference between latent and sensible storage
* Define Phase Change Materials

* Provide an overview of how PCMs can improve building
thermal performance when incorporated to the building
envelope

* Explain to HVAC designers how to become familiar with design
issues unique to thermal mass

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.



Background
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Source: Phase Change Composite Materials for Energy Efficient Building Envelopes
www.seas.ucla.edu/~pilon/PCMintro.html

. Heating and cooling loads account for nearly 1/3™ of
buildings’ total energy use

. Nearly 35% of heat leakage occurs through walls of a
typical building

Buildings consume nearly 40% of primary
energy use globally

Building sectors in the US annually
consume about 75% of total electricity
consumption

Building operation accounts for
approximately 30% of greenhouse gas
emissions

Draughts: 15% -

Source: Energy loss can cost you a fortune! Walls: 35%

WWWw.coynerco.com/our-process/energy-loss/
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Demand vs Supply and Time-of-use Pricing
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California Independent System Operator, What the duck curve tells us about managing a green grid.
www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
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Complexity, Challenges, and Opportunity
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. Buildings energy use peaks during - hours hours

peak hours

. Buildings load curve needs to be
reshaped

e  Thermal energy storage can be used
to store excess energy in off-peak
hours

Buildings cooling load

NREL | 5



Thermal energy storage (TES)

« A method of storing thermal energy by heating or cooling a storage medium
* Energy stored during off-peak hours can be used to partially/ completely offset the

peak load
. ES: ice SI{J_ra{ge /’__—:D
Three classes of TES slen < Tonk i
* sensible heat storage system exchange
e |
* latent heat storage Fan coll
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Source: Zero Energy Buildings should make nice with ice
www.treehugger.com/renewable-energy/zero-energy-buildings-should-make-nice-ice.html
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TES using Buildings Thermal Mass

*  Thermal mass of the building can be
utilized for TES

*  However, this method works well for
high thermal mass buildings, such as
those with concrete structures

Interior temperature

Interior temperature
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PCM-integrated Wall
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Natural cooling versus Precooling

Natural cooling With precooling
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Precooling provides control over phase
change, providing us the ability to reshape the

buildings cooling load

There is no control over the PCM as phase
change is determined by exterior conditions
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Optimizing Precooling Profile for a PCM-integrated Wall in

Baltimore
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Interior temperature was varied sinusoidally Each precooling profile results in a unique
to obtain various precooling profiles. heat gain curve (Results obtained using heat

transfer model in COMSOL Multiphysics).
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Load Modulation using PCM-integrated Wall
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An optimized precooling profile can reduce the

PCM-integrated wall provides peak load
wall-related heat gains during peak hours to zero

shedding and shifting capacity
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Conclusions

* Integrating PCM in building envelopes is a recognized
technique for thermal energy storage

 PCM-integrated envelope can provide substantial
energy saving as well as peak load shedding and
shifting in buildings

* The perform, however, depends on several factors such
as building type, exterior and interior temperatures,
and PCM’s thermophysical properties

* PCM-integrated envelopes should be optimized using
suitable Building Energy Model (BEM) to maximize its
energy saving potential
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Questions?

Ravi Anant Kishore

Research Engineer

Ravi.Kishore@nrel.gov

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC,
for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S. Department
of Energy Office of Energy Efficiency and Renewable Energy Building Technologies Office. The views expressed in the
article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the
publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up,
irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S.
Government purposes.



