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Improving Building Energy
Performance & Occupant Comfort

Using Bio-Based
Phase Change Material

AEE NE Energy Marketplace Conference

Presentation by:  Dan Cook
Conservation Solutions Corporation



The presenter will:

Phase Change Energy Solutions is registered as an AIA Approved 
Provider and this course is approved .

The course does not promote Phase Change Energy Solutions, Inc. 
products or services during the educational portion of the course.
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Best Practice
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● Established in 2011

● 75K ft2 solar powered manufacturing & 
HQ facility in Asheboro, NC

● Focused on Reducing HVAC Energy 
Consumption for Commercial, 
Educational, Industrial & Government 

● ENRG Blanket™ Installations Worldwide

● Patents:
− Formulation

− Applications

Phase Change Energy Solutions



● Commercial Real Estate in the US
− 84 billion ft2 total

− 7 billion ft2 retail 

− 70,000 bank branches

− 380,000 mobile buildings
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Energy Conservation Opportunity



Architects, Engineers and Owners are demanding

● Lower HVAC expense

● Shift Peak electricity demand to Off-Peak hours

● Consistent, comfortable temp even during peak loads 

● Reasonable Up-Front Cost and Rapid ROI

● Long lifetime and low / no maintenance

● Sustainable solutions
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Demand for Energy Savings



● BioPCM is made from all natural vegetable oils
● Biodegradable & recyclable

● Tunable melt temperature

● Fire & Smoke Ratings
− Class C, Class A & Plenum

● Maintenance Free > 85 year life

● Made in the USA
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ENRG Blanket™ - Powered by BioPCM®



A one-hour Sustainable Design as well as Health, Safety and 
Welfare One Learning Unit presentation that discusses the 
concept and application of bio-based phase change materials. 

This seminar provides clarity and quantifies the comfort and 
energy savings achieved with phase change materials. It also 
addresses design and application.
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Course Description



● Provide description of phase change materials (PCMs)
● Introduce bio-based PCMs
● Demonstrate how bio-based PCMs work
● Demonstrate the impact of bio-based PCMs in the building 

envelope
− Interaction with space
− Impact on building energy consumption
− Implications on space comfort

● Show various application methods
− New Construction
− Building retrofit/repurpose

● Discuss specific project applications
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Learning Objectives



PCMs  are materials which take advantage of a fundamental property of 
nature; the natural tendency of materials to absorb heat when they melt 
(change phase from a solid to a liquid) and to release heat when they solidify 
(change phase from a liquid to a solid). 

PCMs can store tremendous quantities of heat per unit of mass through 
phase change transitions. 

When phase change materials are placed, in quantity, into the structure of a 
building, they will absorb heat (air condition) as building temperatures rise 
and release heat (heat) back into the building when temperatures drop. 

When the PCM is tuned to a specific temperature set-point, it absorbs and 
releases excess thermal energy when the ambient temperature rises above 
and falls below the set-point thus stabilizing temperatures and reducing 
HVAC run times and cycling.
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What Are Phase Change Materials (PCMs)



Sensible Heat causes a change in temperature in an object.  When an 
object is heated, its temperature rises as heat is added. Similarly, when 
heat is removed from an object, its temperature falls. 
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XºF Transfer YºF   →  XºF

Phase Change Science



Latent heat is the large quantity of energy which needs to be absorbed 
or released when a material changes (Phase) from the solid to the 
liquid, termed fusion. These phase changes take place at constant 
temperature and for certain materials the process of melting and 
freezing can be repeated over an unlimited number of cycles with no 
change to their physical or chemical properties.

We all understand and a familiar with the use of ice 
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Phase Change Science



144 BTU/ lb.

Phase Change Materials at Work



 Bio-based PCM is a low cost PCM with the following 
characteristics:
− Renewable - made from all natural, non-edible vegetable oils
− High latent heat storage capability
− Tunable congruent melting and freezing temperatures
− Maintenance free
− Long life – should outlive the average building
− Stable chemical and physical properties
− Solid to gel and solid to solid transition capability
− Fire-resistant & Non-toxic
− Wide range of melting points from -50°C to +150°C (-58°F – 302°F)
− Non-Toxic, 100% biodegradable & recyclable
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What is bio-based PCM?
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Other Building Based PCMs
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 Paraffins
− Paraffins are waxes
− They are readily available
− They melt at different temperatures relating to their carbon-

chain length, so they have a wide range of the phase change 
temperature

− They have low heat conductivity
− They are base on petroleum and flammable
− Toxic and not readily bio-degradable

Other Building Based PCMs
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 Salt Hydrates
− Salt Hydrates are inorganic PCMs that consist of salt and water in 

a crystal matrix when they solidify. 
− Depending on the mixture, they can have a wide range of latent 

heat and phase change temperature.
− Molten salts have a melting temperature range from 250 to 

1680ºC.
− Limited temperature ranges available to salts in meeting specific 

temperature needs at desired temperature.  Limits there 
“tunability.”  There are few salts that melt between 1 and 150ºC.

− Major drawback in the building envelope due to instability upon 
cycling, causes a decrease in latent heat with time.

Other Building Based PCMs



 Conventional thermal mass can be explained with comfort and 
an exposed concrete floor. This type of mass helps to cool the 
space when high ambient temperatures are high and warm 
the space when ambient temperatures are low. 

 Bio-based PCM does not change temperature as it absorbs and 
releases heat (at a predetermined point), so it provides the 
benefits without sacrificing thermal comfort.  
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Bio-based PCM & Conventional Thermal Mass



 Heat transfers from one object to another by means of conduction, 
convection and radiation.

 Conduction is the heat flow through solid objects such as walls, roofs and 
floors. 

 Convection is heat transfer between a solid and a moving fluid (i.e. air or 
water) and occurs through open doors, open windows, or from infiltration. 

 Radiant Heat transfer takes place in form of electromagnetic waves in the 
infrared region. Examples include heat dissipated from internal loads such as 
computers or solar gains through windows or skylight. 
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Heat Transfer in Buildings
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 PCMs have a higher heat storage 
capacity than conventional 
thermal mass, and provide 
excellent heat transfer.  

 PCMs demand no extra structural 
support and any added cost is 
rapidly mitigated by the thermal 
benefits

 Because the exposed surface in 
building products is so large and 
the PCMs absorb heat over a 
narrow temperature range, they 
need not receive direct sunlight.

Other Thermal Mass in Buildings



 Bio-based PCM, when integrated into the building envelope, 
will reduce HVAC building load.
− PCMs absorb heat when they melt, changing from a solid to a gel, acting

as a “Thermal Sponge.”
− PCMs release thermal energy when they freeze, changing from a gel to a 

solid.
− Bio-based PCMs can change phase within a narrow temperature range 

around a “set-point” which is comfortable for people.
− It absorbs and releases heat when the ambient temperature in the space 

rises above or falls below the set-point, stabilizing temperatures and 
reducing HVAC energy consumption.
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How does bio-based PCM work in a building?



Ambient Hotter Than 73ºF Set Point

Operates Like A Thermal Sponge 
To Help Maintain Temperature at 73ºF

91 BTU / lb.
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Operates Like A Thermal Sponge 
To Help Maintain Temperature at 73ºF

91 BTU / lb.

Ambient Colder Than 73ºF Set Point



23

● Two identical buildings tested in Asheboro, NC

● Both buildings had standard fiberglass insulation

● One with ENRG Blanket - the other used as control

Single Story Controlled Test
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Commercial Office – 8:00 AM
Ready for a new day.

Commercial Office – Early Morning
Ready for a new day.
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Commercial Office – Noon
Heat from numerous sources absorbed by bio-based PCM



Commercial Office – Nighttime
Heat load being released by bio-based PCM to nighttime air.
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Single Story Building Test Results



28

Single Story Building Test Results
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Single Story Building Test Results
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Single Story Building Test Results



Highest Energy Consumers in Commercial Buildings
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Building Energy Consumption



 Energy Saving Through HVAC Load Reduction
− Introducing bio-based PCM reduces peak cooling and heating design 

loads and HVAC run times.
− Reduced HVAC system run time reduces energy consumption and 

maintenance costs while extending system lifetime.
• Less equipment cycling

− Extending system life
− Reducing maintenance cycles

− Bio-based PCM can reduce HVAC energy usage by up to 40%, depending 
on the internal loads, building orientation, and control strategy.

− Reducing the peak design load may provide an opportunity for designers 
to reduce the size of cooling or heating systems for mechanical 
renovations. 
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Building Energy Impact



 Energy Savings Through Peak Load Shifting
− Bio-based PCM recycles “waste heat,” that would otherwise be removed 

with mechanical systems, into energy that can be used to condition the 
space during off-peak hours.

− Bio-based PCM shifts portions of the cooling load to later in the day/night 
and reduces HVAC energy demand during “peak demand” hours when it 
is more expensive.

− Total energy consumption is reduced by shifting a portion of the cooling 
load to night time, when outside ambient temperatures are lower and 
the HVAC system runs more efficiently.

− Load shifting provides additional cost savings for building owners while 
reducing peak demand for utilities.
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Building Energy Consumption



 Reduced Cost of Ownership
− Reducing HVAC run times offers benefits beyond energy savings

• Lengthens maintenance cycles on mechanical equipment.
• Lengthens the life of mechanical equipment.
• Improves HVAC system/building energy performance.
• Reduce or eliminate the need for costly mechanical renovations due to 

building being repurposed.
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Ancillary Building Benefits



 Potential to enhance occupant comfort
− It is common for thermal zones to range +/- 3°F in any given space.  
− In large zones the t-stat is often far from the occupants and the causing

wider temperature variations.  
− Bio-based PCM stabilizes temperatures across the entire zone and buffers 

this problem.
− If a person is near a warm or cold surface, they may become 

uncomfortable.  Bio-based PCM can help maintain surface temperatures 
within a narrow range, improving comfort levels.
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Occupant Comfort Impact



Value of Comfort:
The financial value of enhanced comfort has the potential to far outweigh all energy and HVAC 
maintenance costs. 
• According to the EIA (Energy Information Association), the avg. cost / sq. ft. / yr. is $1.19 for 

commercial building energy.
• According to ASHRAE the avg. cost / sq. ft. / yr. is $0.50 for HVAC maintenance.
• A conservative estimate for the avg. cost of salaries / sq. ft. / yr. is $181.82. (assumes avg. sq. ft. / 

person of 220 with a median income of $40,000/yr.) 
A 1% increase in employee productivity creates more value than the total cost of energy and HVAC 
maintenance  combined! 

 Lawrence Berkeley Laboratories has compiled the findings of several 
studies on human comfort and its relation to productivity. Based on 
these studies people are most productive when they are most 
comfortable, between 69.8 to 73°F. 
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Occupant Comfort Impact

http://www.eia.gov/
http://xp20.ashrae.org/publicdatabase/all_maintenance.asp


 Drop Ceiling
− Straight forward “easy” installation
− Allows benefits to be applied to existing 

buildings
• Good fit for energy upgrade market
• Good fit for building retrofit
• Good fit for repurposed buildings/spaces

 Walls
− Straight forward installation
− Typically new construction
− Allows for strategic placement in space and 

based on building orientation
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Bio-based PCM Application Types



 Roof
− Straight forward “easy” installation
− Allows benefits to be applied to existing 

buildings
• Good fit for energy upgrade market
• Good fit for building retrofit

 Custom
− Straight forward “easy” installation
− Allows benefits to be applied to difficult 

spaces
• Good fit for energy upgrade market
• Good fit for building retrofit
• Good for thermal security applications
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Bio-based PCM Application Types
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Technology: The bio-based phase change 
material is used to store thermal energy within a 
specified  temperature range (-31°F to +275°F). 
Pressurized heat exchangers containing process 
fluid are fully immersed in bio-based phase change 
materials derived from organic non food-grade fatty 
acids. 

PCM is specifically formulated for large scale 
thermal storage applications. The technology is 
unique, in that it remains in solid form regardless of 
charge state (solid to semi-solid transition). 

600,000 Btu Tank 

Bio-based Phase Change Materials as Thermal Energy Storage
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Heat exchanger  piping 
manifold  assembly

Polypropylene Heat 
exchanger  in various 
sizes and configurations

Bio-based Phase Change Materials as Thermal Energy Storage
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Tank –
skin frame 

Polyiso
insulation 

RPE tank 
liner 

PCM 
solid gel-
form 

CWR  CWF

Sample System Operation
• Process fluid (CHW) flows under 

pressure through heat exchangers
• Heat exchangers are submerged in 

solid gel bio-based Phase Change 
material set to desired freeze/ 
transition temperature (40ºF - 45ºF)

• Charging cycle - set supply water 
from chiller to 6ºF-8ºF below bio-
based Phase Change 
freeze/transition temperature 

• Discharge - bypass return water from 
load 6ºF - 10ºF above freeze 
temperature through the heat 
exchanger and return to the building 
supply line. 

Bio-Based Phase Change Energy Storage 
Technology Opportunities
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Ice Storage Systems
A retrofit to conventional non-storage chilled water plant requires the 
addition of :
● Low temperature chiller
● Glycol management system
● Primary and secondary loop 
● Primary and secondary pumps
● Valves & controls 
● Heat exchanger 

Higher Energy Costs
When designed and sized to avoid 
peak demand, Ice Storage systems 
require higher energy consumption 
because the chiller usually operates at 
below freezing temperatures with 
added pumping. 

Compare Bio-Based Phase Change to Ice Storage



43

PhaseStor Systems 
A retrofit to conventional non-storage chilled 
water plant requires the addition of:
● Storage tank 
● Valves & controls

Lower Energy Costs
When designed and sized to 
avoid peak demand PhaseStor 
systems require less energy 
consumption because the 
chiller operates at higher 
temperatures and less run time 
as well as less pumping.

Simpler Bio-Based Phase Change Solution 
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Heat Energy Storage 
• Much Smaller Footprint – Bio-based Phase Change 

Materials stores + 20 - 30x More Energy than Water 
• Less Equipment Required
• No Expansion & Contraction
Chiller Water Applications
• Minimal Material Expansion & Contraction Issues
• No Need for Glycol
• Less Pumping
• Store Energy at Higher Temperatures (42°F  vs  25°F)
• No Expansion & Contraction

Bio-Based Energy Storage Advantages



Bio-based PCM Project

Examples
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Phipps Conservatory – Pittsburgh, PA

Completed in 2012
Used Bio-based PCM in walls and cloud ceiling



● Construction  in 2012

● Building uses bio-based PCM for passive cooling 

● 98% HVAC Energy Savings

U of Washington – New Construction



● Expected ROI <12 months 

● 43,800 ft2 of bio-based PCM installed

● Bob Easton Architect, Kiewit Corporation

Easton Archery Center
Chula Vista, CA



Rocky Mountain Institute Innovation Center

RMI’s Innovation Center is ranked as the highest performing building in 
the coldest climate zone in the U.S.



Net Zero Passive House duplex project in the Sunnyside 
neighborhood of Portland, OR.

Certified by the Passive House Institute.
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TrekHaus, Portland, OR



• Interior 2” rigid panel  Polyiso
• External insulation 4” close cell 

spray foam 
• Aluminum panel external wall 

Bio-based Phase Change Materials as Thermal Energy Storage



Bio-Based  Phase Change Blankets
 New Construction
 Ceilings, Walls & Roofs
 Retrofits
 Drop Ceilings
 Industrial
 Commercial Office Buildings
 Government
 Universities
 Schools
 Greenhouses
 Bank Branches
 Retail Stores
 Residential
 Mobile Homes
 More

Bio-Based Energy Storage Systems

Chilled Water Energy Storage
 Data Centers
 Chilled Water Loops

Thermal Heating Storage
 Solar Thermal
 Heating Systems
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Bio-based PCM Applications Include:



Conclusion/Questions
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HVAC Energy Savings of 25 to 35%
Using Bio-Based Phase Change Materials 

Design Support Materials



ENRG Blanket Brochure Case Studies

55Phase Change Energy Solutions Confidential Information

PCES Design Support Materials



Technical Data Sheet Guide Specification

56Phase Change Energy Solutions Confidential Information

PCES Design Support Materials
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Phase Change ENRGsim™

● Input Key Building Data
− Bldg. Location (climate zone)
− Energy Rates
− HVAC Type & Age
− Bldg. Age & Type

● Output
− Annual Energy Savings
− Installed Cost
− HVAC Load Reduction
− Simple ROI Estimate

Phase Change Energy Solutions Confidential Information

ENRG Blanket Performance Simulation



BioPCM®  ENRG 
Blanket™ 

Installation
- 1000 ft2 per 

hour/ 4 person 
crew

Install It Tonight,
Start Saving Energy Tomorrow !!

Bio-based PCM Installation 

Saves Energy, Excellent ROI, Improve Building Comfort, No Maintenance

Interior:  Ceiling, Wall & Floor
Exterior:  Roof & Wall
Retrofit or New Build
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OEM supplier to major cold 
chain manufacturers

Phase Change Energy Solutions Confidential Information

Phase Change Energy Solutions
Other divisions hard at work!
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ENRG Blanket™  - Powered by BioPCM®

Install It Tonight,
Start Saving Energy Tomorrow

AEE NE Energy Marketplace Conference
4/12/17

Dan Cook
Conservation Solutions Corporation

978-266-1900
dcook@ConservationSolutions.com

www.ConservationSolutions.com

www.phasechange.com

http://www.conservationsolutions.com/
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