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Emerging Energy Technology Fund Overview
New technology passes through a variety of phases as it proceeds from development and testing in the laboratory to commercialization in the real world. Emergence is a critical middle phase in the development process of energy technology, linking research
and development to the commercialization of energy solutions. Although the Arctic possesses bountiful energy resources, the
Arctic also faces unique conditions in terms of climate, environment, population density, energy costs, logistics, and the isolated
nature of electrical generation and transmission systems. These conditions, challenging under the best of circumstances, make the
Arctic an ideal test bed for energy technology. Emerging energy technology provides a unique opportunity to meet Arctic energy
needs, develop energy resources, and create global expertise.
Building on the success of the Emerging Energy Technology Grant, funded by the Denali Commission in 2009, the Alaska State
Legislature created the Emerging Energy Technology Fund (EETF) in 2010 to promote the expansion of energy sources available to
Alaskans. These grants, partly funded by the Denali Commission and managed by the Alaska Energy Authority, are for demonstration projects of technologies that have a reasonable expectation of becoming commercially viable within five years. Projects can
• test emerging energy technologies or methods of conserving energy;
• improve an existing technology; or
• deploy an existing technology that has not previously been demonstrated in the state.
The funded projects for Round 1 of the EETF include the following:
Alaska Division of Forestry, Biomass Reforestation of Boreal Forests
Altaeros Energies, Inc., High Altitude Airborne Wind Turbine
Alaska Applied Sciences, Inc., Solid State Ammonia Synthesis Pilot Plant Demonstration System
Arctic Sun, LLC, Arctic Thermal Shutter & Door Development
Boschma Research, Inc., Cyclo-Hydrokinetic Turbine Energy Production
Cold Climate Housing Research Center, Cold Climate Ground Source Heat Pump Demonstration
Genesis Machining and Fabrication, Ultra-Efficient Generators and Diesel-Electric Propulsion
Hatch, Application of Flywheels for the Integration of Wind-Diesel Hybrid Systems
Intelligent Energy Systems, Small Community Self Regulating Grid
Intelligent Energy Systems, Wind Diesel Battery Hybrid System
Marsh Creek LLC, High Efficiency Diesel Electric Generator for Energy Projects in Alaska
Oceana Energy Company, In-Stream Hydrokinetic Device Evaluation
Ocean Renewable Power Corporation, RivGen™ Power System Commercialization Project
University of Alaska Fairbanks, Safe and Efficient Exhaust Thimble
University of Alaska Fairbanks, Enhanced Condensation for Organic Rankine Cycle
Award recipients for EETF grants are selected through a competitive application process. Project selection for the EETF program
uses a two-stage application process and has a volunteer advisory committee appointed by the governor.

Data Collection
Data collection is a central component of all EETF awards. The recording and careful analysis of high-quality performance data are
critical parts of testing new energy technology, to understand how the technology performs and make future refinements. Using
this information to support data-driven decisions will continue to prove the value of Alaska as an energy laboratory and ensure that
new energy systems are applied appropriately.
Under an agreement with the Alaska Energy Center, performance data generated by projects are independently verified and analyzed
by the Alaska Center for Energy and Power (if a potential conflict of interest arises for any technology, another independent third
party is identified). As projects conclude, summary reports and non-sensitive data are made available to the public.i

About the Author
The Alaska Center for Energy and Power (ACEP) is an applied energy research group housed under the
Institute of Northern Engineering at the University of Alaska Fairbanks.

University of Alaska Fairbanks
411 Tanana Loop - Lola Tilly | PO Box 755910
Fairbanks, Alaska 99775-5910
(907) 474-5402 | acep.uaf.edu

A key deliverable for each EETF project is a lessons learned report by ACEP. As the projects deal with
emerging energy technology, providing lessons learned and recommendations is critical for understanding
the future of the technology in Alaska, and the next steps needed in developing energy solutions for Alaska.
ACEP’s technical knowledge and objective academic management of the projects, specifically for data
collection, analysis, and reporting, are vital components to the intent of the solicitation.
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Report Overview
This report presents the performance testing and analysis of a prototype motorized, insulated rigid window shutter
developed by Arctic Sun, LLC. The Arctic Sun, LLC shutter is designed to improve the thermal performance of
residential buildings by reducing heat loss through windows. The motorized design allows the shutter to be opened
during daylight hours to utilize passive heating from sunlight, and closed during night hours to reduce heat loss.
A prototype shutter system was built and tested over the course of two winters in Fairbanks, Alaska, where
temperatures can reach -40°F. A custom test chamber with a single window was constructed for this project. The
baseline performance of the bare window was established, and then the shutter design was tested with two different
insulation products: Rmax® Thermasheath-3 and Thermal Visions Threshold™ Vacuum Insulation Panel (VIP).
Temperature data collected during the testing periods were analyzed to determine the relative performance of the
shutter system.
Experimental data indicate that the VIP insulated shutter system reduced heat loss through the 24-inch by 36-inch
test window by up to 47%, and that the Rmax® insulated shutter reduced heat loss by 40%. The Rmax® shutter
demonstrated R-4.4 performance, and the VIP shutter demonstrated R-6.1. Thermal analysis indicates that the
design of the shutter may be improved to better use the insulative panels, with the potential to reduce window heat
loss by over 90%. It is estimated that installing rigid shutters in a typical single-family home in Bethel, Alaska, could
save approximately $1300 a year on heating fuel.

Project Introduction
Arctic Sun, LLC seeks to improve the overall thermal efficiency of building envelopes by reducing heat loss through doors and
windows. Windows can allow heat to escape a building at ten times the rate of the same area of a 2-inch by 6-inch framed
exterior wall, and the U.S. Department of Energy states that the average home loses 10–25% of heat through windows 1, 2.
Three product lines have been identified for technology readiness level (TRL) advancement in this project. The U.S. Department
of Energy specifies nine TRLs, ranging from the observation of basic principles at TRL 1 to the final fully functioning commercial
technology at TRL 9 3. Arctic Sun is developing an Arctic Door, an Arctic Shutter, and a Blown-In Insulation Shutter for
application specific to buildings in Alaska. This project seeks to develop existing Arctic Shutter designs from TRL 5 to TRL 8 and
to incorporate and improve tracking systems and weather stripping.
The prototype rigid shutter products were tested in an instrumented life-sized model installation in Fairbanks. The data
analyzed in this report were collected from this testing. Insulation performance of the shutter systems was evaluated using the
temperatures of the interior and exterior surfaces of the window glass and shutters.
Over two Fairbanks winters, data were collected from windows with either no shutter, a Thermal Visions Threshold™ Vacuum
Insulated Panel (VIP) shutter4, or an Rmax® (polyisocyanate rigid foam insulation) panel shutter5. Baseline no-shutter data were
collected from 9 December 2013 through 10 January 2014. The VIP shutter was installed on 10 January 2014 and tested until 25
February 2014. The Rmax® shutter was installed on 25 February 2014 and tested until 6 April 2015. Visual observations were made
at regular intervals to document condensation on the windows, the condition of the shutter mechanisms, and data download and
data logger reset events.

Emerging Energy Technology Fund
The following organizations were involved in this project:
Alaska Center for Energy and Power
The Alaska Center for Energy and Power (ACEP), an applied
energy research program based at the University of Alaska
Fairbanks (UAF), provided technical support for data
collection. In addition, ACEP provided independent project
and performance analysis and reporting. This report is the
final product of that effort.
Arctic Sun, LLC
Arctic Sun, LLC is based in Fairbanks, Alaska, and provides
commercial and residential energy solutions through
innovative renewable energy systems and ultra-efficient
building products. Arctic Sun also offers on- and off-grid
solar electric, solar thermal, and wind energy systems for
residential and commercial applications.

petroleum for space heating. The flow of heat from higher
to lower temperature regions is analogous to the flow of
water from high to low elevation, or the flow of electricity
from high to low electrical potential. A thermal circuit is used
to model heat flow, as shown in Figure 1. Equation 1 shows
that the heat flow, Qheat, in watts (W) is proportional to the
temperature differential, ∆T (°C), and inversely proportional
to the thermal resistance (i.e., insulation) of the heat transfer
path, rtherm (°C/W). In the example of heat escaping a building
through a window, heat loss, Q, will increase as the outside
temperature drops (increasing ∆T), and can be reduced by
increasing the thermal resistance, rwindow, of the window. Arctic
Sun’s products increase the thermal resistance of the window
system by covering the window with an opaque insulative
shutter.

Alaska Energy Authority
The Alaska Energy Authority (AEA) is an independent corporation in the State of Alaska and the state’s energy office.
Programs sponsored by AEA place Alaska at the forefront of
innovative ways to address high energy costs.

Technology Overview
Building thermal efficiency is especially important in arctic
environments where low ambient temperatures result in
high heating requirements and correspondingly high costs.
Buildings lose heat to the surrounding environment through
all surfaces: floor, roof, walls, windows, doors. Windows have
been identified as a particularly inefficient component of
building insulation. In cold climates, a typical double-pane
window can allow heat to escape at ten times the rate of the
same area of a 6-inch thick framed exterior wall1. The U.S.
Department of Energy states that the average home loses
10–25% of heat through windows2.
The U.S. Energy Information Administration reports that in
2013 Alaska residential energy consumption totaled 19 billion
cubic feet of natural gas, 1.3 million barrels of petroleum (90%
fuel oil), 123,000 cords of firewood, and 2.1 billion kilowatthours of electricity6. The 2012 Alaska End-Use Study found
that the average Alaska home uses 213 MMBtu of energy
per year for space heating, representing roughly 80% of all
home energy use7. In Fairbanks and many rural communities,
the majority of homes are heated with wood and fuel oil. In
Barrow and the Anchorage region, natural gas is the primary
source of space heating. Communities in Southeast Alaska
with affordable electricity may use electric space heating
systems.
Improving building thermal performance reduces heating
costs in any environment, and can be economically and
environmentally impactful in communities that rely on
2

Figure 1. Example of thermal circuit (To distinguish between thermal
resistance in the context of heat transfer analysis and commercial
R-value disignations, this report uses “r” in place of the conventional
“R” to denote thermal resistance. R-value is the thermal resistance
per unit area of a given heat transfer path.
					

(1)

The thermal resistance of commercial insulation to conduct
heat is rated with an R-value. The R-value is the material’s
thermal resistance in English units (hr-ft2-°F)/Btu, and
typical building materials fall between R-0.08 per inch for
poured concrete to R-5 per inch for “blue board” insulation.
Higher R-values indicate better insulation effectiveness. An
R-value can be converted to SI units °C·m2/W. Windows are
rated with a U-factor, which is the inverse of their R-value.
Commercial U-factors are in units of Btu/(h-°F-ft2), where
a lower U-factor indicates a window that insulates better.
U-factors typically range from 0.25 to 0.80.
Windows are beneficial in arctic buildings when they allow
direct sunlight into a structure, providing light and warmth
without cost. However, at night the relatively poor insulative
qualities of windows compared with the surrounding walls
allow significant heat loss. Various approaches to increasing
window insulation have been investigated and reported in the
literature. Interior solutions include insulated blinds, storm
windows, curtains, films, and shutters. However, interior
insulations increase the risk of condensation and subsequent
mold formation. Exterior insulation, such as foam shutters,
mechanical shutters, and storm windows, helps prevent
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interior moisture condensation. Exterior foam insulative
shutters have been shown to provide maximum benefit in
both insulation value and condensation resistance1. Arctic
Sun seeks to maximize the performance of arctic windows by
producing motorized exterior rigid shutters that open to allow
solar energy in during the day and close to provide improved
insulation at night.
Arctic Sun’s choice of vacuum insulated panels (VIPs) in
their product development brings a leading commercial
insulation technology to arctic applications. The panel used
in this project provides an R-50 per inch insulation rating,
far exceeding the R-8 per inch performance of polyurethane
panels and R-5 per inch of fiberglass batt insulation. Vacuum
insulated panels are manufactured by enveloping a rigid
porous core in an airtight membrane. The internal volume
of the VIP is evacuated, and the porous core supports the
membrane under partial vacuum. The more conventional
Rmax® polyisocyanate foam panel is rated at R-6 per inch.
One potential challenge to motorized shutters is ensuring
functional operation throughout exposure to winter weather
conditions, with snow and ice accumulation posing particular difficulty. A second concern is that VIP performance is
dependent on the integrity of the vacuum in the panel; thus,
the longevity of the airtight membrane is key to the shutter’s
performance over time.

Project Summary

protection, and hardware attachment. The panel is framed
by 2-inch wooden stiles at the top and sides and by a 3-inch
wooden stile at the bottom. The stiles and panel are sandwiched between ¼-inch plywood sheets to create a 2-inchthick rigid shutter. The plywood is expected to add R-0.63 to
the shutter’s insulative performance. The track system and
motor mount to the building’s exterior wall and the shutter
hang from an aluminum U-track via track rollers. The gap
between the shutter and wall is sealed with brush weather
stripping. The shutter is operated by a 115V electric motor,
with limit switches to control range of travel. Figure 2 shows
the shutter track roller and weather stripping mounted to the
wooden stiles.
The presence of the stiles must be accounted for when
calculating the expected thermal resistance of the shutter assembly. Pinewood is significantly more heat conductive than
VIPs and Rmax® panels, and thus provides a bypass route for
heat around the highly insulative panels. A schematic of the
shutter construction is shown in Figure 3. The heat flow path
through the stiles, bypassing the insulative panel, is evident
in Figure 3(b). The thermal circuit for the shutter assembly is
shown in Figure 4.
The total thermal resistance of the panel assembly is calculated in Equation 2, using the rules for resistors in series and
parallel. Table 1 compiles the relevant thermal values for the
shutter components and the predicted thermal resistance for
the total shutter assembly.

The Arctic Sun shutter system is a motorized rigid exterior
shutter. The shutter itself—a 1¼-inch-thick insulative panel
(VIP or Rmax®)—is encapsulated in wood for stiffness,

(2)

Figure 2. Rigid shutter features
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Figure 3. Schematic of shutter construction

Figure 4. Shutter assembly thermal circuit
Table 1. Shutter Thermal Specifications
Stiles

Plywood

VIP

Rmax®

Pine Wood

Pine Plywood

Vacuum Panel

Polyisocyanate

Thickness

in
(mm)

1.25
(32)

0.25
(6.4)

1.25
(32)

1.25
(32)

Area

ft2
(m2)

1.78
(0.165)

6.0
(0.557)

4.22
(0.392)

4.22
(0.392)

hr-ft2-°F/Btu-in

1.25

1.25

50

6

Component R-value

hr-ft2-°F/Btu
(°C-m2/W)

R-1.56
(0.275)

R-0.313
(0.055)

R-62.5
(11.0)

R-7.50
(1.32)

Component Thermal
Resistance, rtherm

hr-°F/Btu
(°C/W)

0.92
(1.75)

0.05
(0.10)

14.8
(28.1)

1.78
(3.37)

hr-ft2-°F/Btu
(°C-m2/W)

-

-

R-4.10
(0.72)

R-3.00
(0.53)

hr-°F/Btu
(°C/W)

-

-

0.97
(1.84)

0.71
(1.35)

Material Rated
R-value/inch

Assembled R-value
Assembled Thermal Resistance, rtherm
(with stiles and plywood)

4
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Table 1 shows the detrimental impact of the stiles on the
assembled thermal resistance of the shutters. The prototype
shutters are expected to have R-values of R-3 for the Rmax®
shutter and R-4.1 for the VIP shutter despite the significantly
higher R-ratings of the insulative panels. Separate calculations predict that the VIP will have an R-62 rating if it covers
the whole area of the shutter. The Rmax® shutter would be
expected to have an R-8 rating. These data indicate that
stiles may reduce a shutter’s thermal resistance by 62% for
Rmax® insulation and 93% for VIPs.

System Testing
Arctic Sun constructed a custom test chamber to measure
the impact of its thermal shutters on building heating requirements. The test chamber was constructed of highly insulated
12-inch-thick walls and had a single window for testing the
shutter. This design maximizes the impact of the window on
the chamber’s thermal performance, helping isolate the impact of the shutter system. A dimensioned schematic of the
test chamber is shown in Figure 5. The completed chamber,
being prepared for testing, is shown in Figure 6.
Figure 5. Demonstration test chamber dimensions

Figure 6. Demonstration test chamber in Fairbanks, Alaska
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The building was maintained at a constant internal temperature with an electric heater, allowing heat flow between the
interior and exterior of the building to be quantified during
testing. Three Onset® HOBO® U12 4-channel data loggers
were used to record relevant data during testing. Data were
collected for interior air temperature, exterior temperature,
electric heater current, and window and shutter surface
temperatures. The data loggers and their channels are
presented in Table 2. An onsite Onset® HOBO® U30-NRC
weather station collected temperature, wind speed, wind
direction, and humidity data away from the test chamber.
A schematic of the test chamber and its instrumentation is
shown in Figure 7.

The temperature measurements taken during the baseline,
Rmax® shutter, and VIP shutter testing are shown in Figure
8(a), (c), and (e), respectively. The range of outside air
temperatures and constant chamber temperature of 21.5°C
are visible throughout the testing periods. The temperature
differential from the inside to the outside window glass
measurement is larger for lower outside air temperatures,
indicating increased heat flux through the window in colder
conditions.
The histograms in Figure 8(b), (d), and (f) illustrate the
range of temperatures at which the shutters were tested and
capture the hourly breakdown of outside air temperature
during the testing periods. All three tests experienced exterior
temperatures as low as -35°C. The Rmax® shutter had the
highest number of total testing hours with successful data
collection.

Table 2. Data Logger Channels
Logger

Channel

1

1

Outside Air Temp. Low on the North Side of Box

°C

2

Air Temp. Middle of Window Cavity (Outside of Window)

°C

3

Outside Air Temp. High on Northeast Corner of Box

°C

4

120V AC Amps (Power Use of Heater)

A

1

Interior Air Temp. - Bottom of Chamber North Wall

°C

2

Interior Air Temp. - Top of North Wall

°C

2

Weather Station

3

6

Description

Units

3

Interior Air Temp. - Center of Chamber

°C

4

Interior Air Temp. - Middle of North Wall

°C

1

Window Glass - Inside Surface (Near Center)

°C

2

Shutter Outside Surface

°C

3

Shutter Inside Surface

°C

4

Window Glass - Outside Surface

°C

1

Temperature

°C

2

Relative Humidity

%

3

Dew Point

°C

4

Wind Direction

deg

5

Wind Speed

m/s

6

Gust Speed

m/s

Sample
Rate
5 min until
10/29/2014,
1 min after
5 min

5 min

5 min
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Figure 7. Schematic of test chamber and instrumentation. Channel label: logger#.channel#

Technical Evaluation
Thermal Performance Analysis
In the absence of reliable heater power data, the known
thermal characteristics of the installed window allow an
estimation of the heat transfer rate through the window. The
installed window is 24 inches by 36 inches (0.61 m × 0.91 m),
giving an area of 6 ft2 (0.557 m2). The window has a rated
U-factor of 0.18 Btu/h-ft2°F (1.02 W/m2°C). The thermal
resistance of the window, rwindow, can be calculated as (area ×
U-factor)-1. Thus, the thermal resistance through the window
is rated at 1.76°C/W. Assuming that the dominant heat
flow path is through the glass, the instantaneous heat flow,
Qwindow, through the window can be estimated by dividing
the temperature gradient across the window by the thermal
resistance of the window. In this sense, the inside and outside
thermocouples mounted to a window of known thermal
conductivity are functionally heat flux meters.

The window glass temperature gradient is plotted versus
outside air temperature in Figure 9. As expected, the window glass gradient is larger at lower outside temperatures,
indicating a greater rate of heat loss. The lower window glass
gradients during shutter testing indicate lower heat loss
through the window with shutters installed.
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Figure 8. Raw temperature data and outside air temperature histograms for shutter testing
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Figure 9. Window temperature gradient
vs. outside air temperature

Thermal Resistance Analysis
The thermal resistance of the window determines how much
heat can escape through the window as a function of the
temperature gradient between the interior and exterior of
the building. The calculated heat flow is equal to the instantaneous temperature gradient across the window surface,
divided by the rated window thermal resistance of 1.76°C/W.
Using calculated heat flow, Qwindow, at each data point,

the total resistance of the window shutter system can be
calculated by dividing the temperature gradient between the
chamber air and the external air by Qwindow. In Figure 10, the
total temperature gradient between the interior and exterior
of the test chamber is plotted versus the calculated heat loss
through the window glass. The slope of the regressions gives
the total experimental thermal resistance of the heat flow
path through the window.

Figure 10. Total window thermal resistance
and regression
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The net effects of convection inside and outside the window
can be estimated from the baseline data by calculating total
thermal resistance between the interior and exterior air, and
by subtracting the rated thermal resistance of the window
itself. In Figure 10, the window alone exhibits a total thermal
resistance of 2.16°C/W. Based on the window’s rated thermal resistance of 1.76°C/W, we estimate that the average
convective thermal resistance on either side of the window
is 0.41°C/W. This number is consistent with expectations
of natural free convection on a vertical plane. The thermal
resistance of the shutter itself is calculated by subtracting the
window and convection thermal resistances from the total
system resistance.

Both shutters performed slightly more effectively than
predicted, but still within 10% of expected values based on
shutter construction. Possible sources of error in the experimental data include the uncertainty of the calculated heat
flow using window surface temperatures, and measurement
uncertainties of the thermocouple. Possible sources of error
in the thermal analysis include lack of contact thermal resistance and convective and radiative factors in the calculations,
and the assumption of no airflow between the shutter and the
window.
Analysis of the shutter design showed that the presence of
the wood stiles significantly reduced the insulative potential
of the shutter. The prototype shutters improved the thermal
resistance of the window, reducing the U-factor of the
window to 0.09 and 0.08 for the Rmax® and VIP shutters,
respectively. A design that allows the VIP to fully cover the
window is expected to improve the window thermal resistance by over 900%, resulting in a total U-factor of just 0.014

Findings and Conclusions
Thermal Analysis
This quantitative analysis is heavily leveraged on the efficacy
of determining heat flux through a window, based on window
surface temperatures and the manufacturer rated U-factor.
Regressions of the testing data indicate that the Rmax®
shutter performed with an effective thermal resistance of
1.40°C/W, and the VIP shutter performed with an effective
thermal resistance of 1.94°C/W. Installed, Rmax® and VIP
improved the overall R-value of the installed window from
2.16°C/W to 3.56°C/W and 4.10°C/W, respectively. The
shutters were found to increase the thermal resistance of the
window heat path by 65% for the Rmax® shutter and by 90%
for the VIP shutter. The demonstrated R-value performance
of the window alone was R-6.8. The Rmax® shutter added
R-4.4, and the VIP shutter added R-6.1. The thermal analysis
of the shutters’ performance is presented in Table 3.

Economic Analysis
An economic analysis for a single 24-inch by 36-inch window
and shutter of the size in this project is summarized in Table
4, based on the assumption of fuel oil heating with 80%
efficiency and $3 per gallon fuel cost. Without a shutter,
the window is expected to lose 86 kWh (295,000 Btu) per
year with a Fairbanks average 14,000 base 65 degree heating
days (7778 centigrade degree heating days), requiring 2.7
gallons of fuel oil. Data indicate that the Rmax® shutter would
reduce this heat loss by 40% for an annual savings of $3.15
per window. The VIP as tested would be expected to reduce
heat loss by 47% for an annual savings of $3.79. Full coverage

Table 3. Thermal Analysis of Shutter Performance
Units

Baseline

Remax®
Shutter

VIP
Shutter

Rated Component rtherm

°C/W

1.76

-

-

Expected Installed Total rtherm

°C/W

-

3.47

3.93

Experimental Total rtherm

°C/W

2.16

3.56

4.10

%

-

64.8%

89.8%

% From Expected

%

-

2.6%

4.3%

Expected U-factor

W/m -°C/W

1.02

0.52

0.46

W/m -°C/W

0.83

0.50

0.44

Btu/h-ft -°F

0.15

0.09

0.08

hr-ft2-°F/Btu

6.8

4.4

6.1

% Improvement Over Baseline

Experimental U-factor
Component R-value
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with the VIP is expected to reduce the specific heat loss rate
to 0.045 W/°C, for a potential annual savings of 2.4 gallons of
heating oil, or approximately $7.23 per window.
To provide better context for the impact of shutters on
a real-world building, analysis was performed for typical
residences in the village of Bethel and the Railbelt city of
Fairbanks. The 2012 AEA End-Use Study found that for the
rural village of Bethel, the average single-family detached
building was approximately 1600 ft2 and used 127 MMBtu
of energy for space heating annually while experiencing an
annual average of 12,769 base 65°F degree heating days
(7100°C-days)7,8. Assuming 80% boiler efficiency, these
figures equate to an annual heat loss rate of 102 MMBtu per
year. The AEA End-Use Study found 92% of residential buildings used oil for heating fuel. In Fairbanks, the average home
is 1844 ft2 and experiences 14,000 base 65°F degree heating
days (7778°C-days)8,9. Fairbanks heating fuel is assumed at
$3.00 per gallon; the annual space-heating requirement is
330 MMBtu.
With the assumptions listed, the average Bethel home is
expected to lose 29% of its heat energy through windows.
The experimental VIP shutter would be expected to reduce
window heat loss by 79%, which could reduce Bethel heating
costs by 23% or $1,047 per year and Fairbanks heating costs
by 11% or $794 per year. Performing the same calculations for
theoretical performance of the VIP indicates window heatloss reduction of up to 97%, resulting in potential savings of
28% or $1,298 per year in Bethel and 14% or $984 in Fairbanks.

key to maximizing the benefits of the shutter installation. The
wide stiles in the shutter design provided safe attachment
of hardware and protection for the insulative panels, but
significantly reduced the thermal performance of the panel.
An improved design would ensure that the insulative panel
completely covers the window space.
In summary, the Rmax® and VIP shutters demonstrated R-4.4
and R-6.1 performance, respectively. They reduced heat loss
through the test window by 40% with the Rmax® shutter and
by 47% with the VIP shutter. Analysis indicates that a shutter
with full VIP coverage of the window could reduce window
heat loss by over 90%, saving the average Bethel or Fairbanks
home an additional $200 per year over the prototype design.
Table 5 (next page) predicts the annual impact of shutters on
building heating requirements, assuming window area equal
to 10% of a building’s square footage and window U-factor
of 0.6. The analysis evaluates heat loss through windows and
the building as a whole, calculating the percentage of total
heat loss through the windows for each case.
This analysis was performed using limited data, and the focus
of the analysis has been solely on quantifying the impact of
external rigid shutters on window heat loss via conduction.
More rigorous testing would better measure the building
heating power and better quantify the various heat transfer
paths through the building envelope.

The rigid shutter design incorporates an important feature of
being remotely operable, allowing control via a timer, ambient
light sensor, or as the user wishes. The opening and closing of
the shutter in response to internal and external conditions is
Table 4. Economic Analysis for Single 6 ft2 Window in Fairbanks

Specific Heat Loss Rate
Fairbanks Heating
Expected Annual Heat Loss

Units

Baseline

Rmax®
Shutter

W/°C

0.463

0.281

°C-day
52.43

45.53

8.42

Btu

294,900

178,900

155,300

28,700

-

-39.3%

-47.3%

-90.3%

138,000

%

80%

Heating Oil Cost

$/gal

$3.00

Annual Cost Savings
Savings per Square Foot

0.045

86.42

Btu/gal

Annual Heating Cost

0.244
7778

Heater Efficiency
Annual Heating Oil Usage

VIP
Ideal

kWh

% Change
Heating Oil Energy Content

VIP
Shutter

gal

2.67

1.62

1.41

0.26

USD

$8.01

$4.86

$4.22

$0.78

USD

-

$3.15

$3.79

$7.23

USD/ft2

-

$0.53

$0.63

$1.21
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Table 5. Shutter Impact on Typical Bethel and Fairbanks Single-Family Homes
Units
Average Building
Area
Window Area
Average Heating
Requirement

Experimental VIP

Without Shutter

Fuel Cost

rtherm
Annual Heat Loss
Fuel Usage
Fuel Cost
rtherm

Fairbanks

ft2

1600

1844

ft2

160

184

°F-days

12,769

14,000

$/gal

$5.00

$3.00

°C/W
MMBtu/yr
%

Windows

Rest of
Structure

Total

Windows

Rest of
Structure

Total

0.020

0.008

0.006

0.017

0.003

0.002

29

72

102

37

227

264

29%

71%

-

14%

86%

-

gal/yr

920

$/yr

2389

$4,601

$7,166

0.092

0.008

0.007

0.080

0.003

0.003

6

72

78

8

227

234

%

8%

92%

3%

97%

Improvement

%

79%

-

79%

-

Fuel Savings

gal/yr

Annual Heat Loss

Cost Savings
rtherm

Theoretical VIP

Bethel

°C/W
MMBtu/yr

23%
209

$/yr

265

$1,047

$794

0.769

0.008

0.008

0.668

0.003

0.003

1

72

73

1

227

227

%

1%

99%

0%

100%

Improvement

%

97%

-

97%

-

Fuel Savings

gal/yr

Cost Savings

USD/yr

Annual Heat Loss

°C/W
MMBtu/yr

28%

1

328

$1,298

$984
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