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Introduction
Buildings account for about 40% of US energy consumption and windows 
can account for 58% of energy consumption in a building. Window 
technologies can therefore significantly reduce energy consumption, with 
a corresponding reduction in the environmental impact of CO2 emissions. 

In this white paper you will find an analysis of a supplemental window 
system and the energy effects on a 100,000 square foot office building 
located in Chicago, Illinois. Not only will you see this technology reduce 
ongoing costs of heating and cooling, this paper also illustrates the 
reduction of heating and cooling capacity needed, which will have an 
immediate impact at the beginning of a modernization project of an 
existing building renovation.

Multiple stakeholders require businesses to concentrate on environmental 
management and to promote common global goals in environmental 
issues. In construction, environmental stability requires sustainable use of 
materials, energy, water and land, product recyclability, durability, closed 
material loops and increased product lifecycle.

Many organizations have already taken a proactive approach to 
sustainablity to minimize their environmental impact. Building owners 
and managers, while motivated by environmental impact of using their 
building’s energy more efficiently do have budget constraints. In most all 
cases owners are looking for the best place to spend their capital in order 
to maximize their return on investment in the technologies selected for 
modernization.

1
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There are literally hundreds of options for an energy modernization 
project. One strategy that is often overlooked is sealing the building 
envelope and the effect of window air infiltration and thermal energy loss 
through the glass. In many cases, windows are often screened out of the 
short list of viable building options during the decision making process. 
The many positive attributes of supplemental windows are usually not 
fully considered:

•	 Low	installation	cost	compared	to	other	window	options

•	 Reduces	or	eliminates	air	infiltration	through	older	window	openings

•	 Are	made	from	sustainable	aluminum	and	glass	materials

•	 Reduces	the	heating	and	cooling	demand	load	in	the	facility	
substantially

•	 Allows	control	of	solar	energy	into	the	building	in	winter	months

•	 Increases	comfort	of	the	occupants	/	reduces	sound	transmission

•	 Will	last	the	lifetime	of	the	building

Supplemental Window Systems: Introduction
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Modernization Process

2
The renovation of existing buildings involves a decision-making process 
with the goal of reducing energy consumption and total operating costs. 
This is the essence of any building modernization project. Every decision 
maker has his or her own style, product preferences and engineering 
beliefs, but at the end of the day, the decision must be rational and be as 
close to optimal as possible.

The objective function is then to:

Minimize Energy and Operation Costs: Cost1 + Cost 2 + Cost3… etc

Subject to the capital budget: Available $ for the project

A decision-making process, which focused on renovation strategies from 
thermal comfort and energy consumption perspective, appeared in World 
Academy of Science, Engineering and Technology 76 2011 by Hang 
Zin and Karsten Menzel both from the Department of Civil Engineering 
University College of Cork Ireland. The decision support model includes 
six sections including:

 I. An initial survey of area conditions
 II. Analysis of building performance
 III. Consideration of all possible solutions
 IV. Generation of feasible options
 V. Evaluation of those options
 VI. Selection of the best option

Their work depicts a very straight forward process in selecting 
modernization options. What is worth noting is that the process calls 
for the evaluation of ALL possible solutions which is difficult due to time 
constraints of the project manager. However, since windows play such 
a critical role in building performance, supplemental window systems 
should always be considered as the PRIMARY option since it optimizes 
the objective function criteria in the window category. They are always 
less expensive than new or replacement windows and outperform on 
energy efficiency.
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Supplemental Window Systems

3
Sometimes referred to as storm windows, supplemental window systems 
are actually quite different. Besides being made specific to each opening 
and installed to restrict air infiltration, supplemental window systems use 
high performing materials which has a superior effect on both energy 
performance and physical security enhancement.

3.1 Frame Performance
The basic premise of a supplemental window system is to reuse the 
existing glass and window frame and mount a new frame and glass lite 
behind this. Installation and materials cost is greatly reduced and the 
basic thermal performance of the original window is not only maintained 
but amplified. By placing a window behind the existing glass, an air gap 
is created and works in a similar fashion as insulated glass units (Picture 
1). The supplemental frame is often times mounted on an area which 
is inside the existing frame. Not only will the air infiltration be prevented 
from leaking into the building but a thermal break is created between the 
original frame and the supplemental window frame. Convection rather 
than conduction becomes the main driver of thermal heat loss which is 
one of the reasons why supplemental window systems work.

Between glass blinds have further effect on the performance of the 
system. Not only do they keep radiant light energy from flowing through 
the window if the blinds are drawn, they also serve as a buffer which 
breaks up the air gap between the glass into two, further improving the 
thermal performance.

Picture 1
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Supplemental Window Systems: Supplemental Window Systems: Glass Performance & Security Performance

3.2 Glass Performance
The next most important factor of a supplemental window system is the 
selection of glass coating. Low emissivity (Low e) hard coats can be 
placed on either side of the glass which will reduce the flow of infrared 
energy through the glass. In warm months, this energy is bounced out of 
the building and in cooler months, near infrared radiant energy from the 
buildings heating system is directed inwards. Low e coatings are proven 
to increase the insulative attributes of the glass and should always be 
considered.

Solar heat gain films are another excellent option to place on the glass 
surface either as stand alone or used in tandem with low-e coatings. 
These films will reduce the intensity of light coming into the building and 
serve as a shade with minimal affect to the visible
light spectrum.

3.3 Security Performance
The last important option of supplemental window systems
deal with the security of the building. Bomb blast window frames and 
laminated or filmed glass are an excellent choice for historic buildings 
which may be located by a state or federal building. These systems can 
be quickly installed on the interior which will not alert either tenants or 
terrorists that the building is being “hardened” for blast mitigation.

Hurricane window systems can be installed in the exact same fashion 
which will prevent windows from breaking out completely and creating a 
positive air pressure inside the structure and placing the building roof at 
risk.

Other security window systems use ballistic glass and frame placed 
behind the original glass to guard against projectiles such as large 
caliber bullets and vandals breaking though the glass using metal tools 
such as crowbars and sledgehammers.

Lastly, signal defense film can be placed in the laminate material which 
will eliminate the amount of radio frequency leakage and guard against 
data theft from internal routers. Electrofied film is also specified by 
Homeland Security to guard against laser enabled eavesdropping. All 
of these security options will produce similar if not enhanced energy 
performance of the supplemental window system.
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3.4 Energy and Sustainability Performance

Low installation cost compared to other window options: These 
systems are placed on the inside of the existing glass in a new frame 
which seals the glass from the inside of the building. They use a simple 
frame system to recycle the existing glass and incorporate it into a new 
window system. Typical installations are 50% less expensive than new 
glazing and are more energy efficient.

Reduces or eliminates air infiltration through older window openings: 
Undesired air coming into the building through leaky windows has a 
profound effect on the energy used to maintain temperature. It’s similar 
to a bucket full of small holes leaking water. Rather than spending 
resources on new and efficient ways of putting water back into the 
bucket, it is reasonable to first start with plugging the holes in the most 
cost effective way before you start looking into better ways of filling the 
bucket when it runs low.

Are made from sustainable aluminum and glass materials: Aluminum 
is the most abundant and recyclable metal in the Earth’s crust. Glass is 
made from silicon and low emissivity glass coatings use a thin layer of 
silver.

Reduces the heating and cooling demand load in the facility: Once 
the building envelope is sealed, only will the demand capacity selection 
of the heating and cooling system be optimized. Significant savings will 
be realized at the beginning of the modernization project by reducing the 
size	of	the	heating/cooling	systems.

Allows control of solar energy into the building in winter months: 
Between glass blinds can be opened and closed which will allow visible 
light into the building and creating heat gain. This is desirable in winter 
months in colder climates.

Increases comfort of the occupants / reduces sound transmission: 
Commercial buildings with older windows can create cold and hot spots 
in work areas. Supplemental window systems will reduce this and limit 
the amount of street noise to up to a STC 49.

Will last the lifetime of the building: Unlike all other equipment 
modernization options, supplemental window systems will last hundreds 
of years if properly maintained. They will not rust, fade or fail in any way.

Supplemental Window Systems: Supplemental Window Systems: Energy and Sustainability Performance
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Computer Modeling

4
This model to be discussed has been prepared by using WINDOW 6.3 
and eQuest simulation software. The subject building is a hypothetical 
commercial office building situated in Chicago Illinois but was then later 
modeled in 14 other metropolitan areas in the United States. This model 
contains the energy analysis of a BASELINE condition and of the SUP-
PLEMENTAL condition using two kinds of supplemental window systems 
(Security and Energy). The report is based on the information typical of a 
building of this size and window characteristics modeled using WINDOW 
6.3 software and
independent laboratory testing conducted on behalf of Thermolite Inc 
to calculate air infiltration effects. Actual data for specific modeling pur-
poses should be provided by the architect and the design consultants 
involved in your particular project.

The purpose of this report is to present the theoretical performance of 
the SUPPLEMENTAL Model in comparison to a Baseline budget building 
based	on	the	prescriptive	requirements	from	Appendix	G/	Performance	
Rating	Method	of	ASHRAE/IESNA	90.1-2004.	The	results	are	structured	
as follows:

PROJECT DESCRIPTION
BASELINE MODEL
SUPPLEMENTAL MODEL

Appendix A: Model results of the BASELINE and SUPPLEMENTAL 
conditions describing energy use, utility cost and capacity requirements. 
Load profiles are available but not included in this white paper.
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4.1 Project Description
The hypothetical facility of this case study is a commercial office building 
comprising 100,000 square feet and has a window to wall ratio is 40%. 
The building has a ground and fourteen above grade floors. A zoning 
plan was developed for each floor and entered into the simulation model. 
Each zone was assigned a set of properties including lighting power den-
sity, equipment power density, occupancy rate, etc. Each zone was also 
assigned physical properties of floor-to-floor height, material conductivity 
and fenestration area etc.

A Baseline Model as per the requirements has been considered without 
modeling any blinds or shades. The SUPPLEMENTAL model does NOT 
consider in-between-glass blinds with the Security Window System or the 
Energy Window System. Between-glass blinds improve the performance 
of the window system significantly by reducing solar heat gain in the 
summer and increasing it in the winter while at the same time decreasing 
U value.

The project has been modeled using the eQuest energy analysis soft-
ware, an energy simulation engine developed by US Department of 
Energy (DOE). The eQuest energy modeling software allows for a graphi-
cal display of all the 3-dimensional geometry entered in the application 
to describe the building. As per the view shown (Picture 2), the building 
has been modeled in detail to improve the accuracy of analysis work. 
The project objective is to evaluate energy use and the energy efficiency 
performance of the building.

Supplemental Window Systems: Computer Modeling: Project Description

Picture 2: eQuest 
Building Sample
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4.2 Baseline Model

Building Square Footage: 100,000
Floors: 15
Percent Glass: 40%
Glass Square Footage: 23,500
Floor Height: 12 ft
Cooling	System:	VAV	w/	reheat
Cooling:	Chilled	water	(COP	4.2)	(44/85	evap/condenser	standard	delta	T’s)
Heating: Hot water (efficiency 80%)
Cooling Setpoint: 75
Heating Setpoint: 72
Building Shape: Square
Zones/floor:	5
Lighting	loads:	1.3	w/sq	ft
Plug	Loads:	.5	w/sq	ft
Schedules: Default office schedules in eQuest

Rate Structure Information: (based on Illinois state average)
Gas:	$	.88/therm
Electric:	$	.08/kw-hr

The Baseline model is used to benchmark the SUPPLEMENTAL Model, 
as well as determine the LEED®CS points.

This model is based upon the SUPPLEMENTAL design, but the 
performance parameters listed below are defined to reflect the minimum 
efficiency levels that ASHRAE 90.1-2004 defines for various building 
components. The only variable between the Baseline Model and the 
SUPPLEMENTAL model is the fenestration type.

Building Envelope Constants:
•	Exterior	wall	construction
•	Roof	construction
•	Window	to	gross	wall	ratio:	40%
•	Shading	Devices:	None
•	Lighting	Equipment
•	An	Average	lighting	power	density
•	An	Average	power	density
•	Elevator	load
•	Variable	air	volume	(VAV)	with	reheat
•	Heating:	Electric	Resistance
•	Water	cooled	centrifugal	chillers
•	Primary	Pumps
•	Secondary	Pumps
•	Condenser	Pumps

Supplemental Window Systems: Computer Modeling: Baseline Model
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Building Envelope Variables: Fenestration Type
Baseline: ¼ Monolithic Glass
U-Value	:	1.03	Btu/hr.	sq.	feetı	F
SHGC: 0.82

SUPPLEMENTAL Security	Window	System:	¼	Monolithic	glass	plus	5/16	
laminated low-e coating, aluminum frame, no blinds.
U-Value	:	.37	Btu/hr.	sq.	feetı	F
SHGC: 0.52

SUPPLEMENTAL Energy Window System: : ¼ Monolithic glass plus 1” 
insulated glass low-e coating and argon filled, aluminum frame, no blinds.
U-Value	:	.14	Btu/hr.	sq.	feetı	F
SHGC: .43

Please note there are no blinds and if there were, the SHGC number 
would be 2 to 3 times less. Furthermore, no allowance in this simulation 
has been made for opening or closing the blinds during the summer 
or winder months which could improve the performance of the 
SUPPLEMENTAL models.

4.3 Supplemental Model Results
SUPPLEMENTAL case assumptions and data are based on parameters 
commonly found in architectural drawings, HVAC floor plans, and 
technical specifications of buildings of this type. All other design and 
operating assumptions are based on experience and industry standards.

The SUPPLEMENTAL case considers two configurations- Security 
(Thermolite-1) and Energy (Thermolite – 2). These systems are placed 
behind the existing ¼ monolithic glass window which is the BASELINE. A 
Security Window design consists of an internal
frame	with	5/16	inch	laminated	glass	while	the	Energy	Window	design	
uses a 1-inch insulated glass unit in an internal frame. Both window 
systems have low – e coatings in this example. 

Annual energy cost of the BASELINE condition is $228,523. The 
SUPPLEMENTAL model indicates a savings of $57,191 with the 
Security Window System and $66,207 with the ENERGY WINDOW. This 
represents a 25% to 29% savings respectively. 

On the demand side, electric peak in the BASELINE model is 739 kW 
and the two SUPPLEMENTAL conditions reduce electric peak to 517 kW 
for the Security Window and 492 kW for the Energy Window representing 
a 30% to 33% reduction. Gas usage is modeled to be 739 Mbtu in the 
BASELINE. The SUPPLEMENTAL Security and Energy Window System 
reduces this by 47% to 70%.

Supplemental Window Systems: Computer Modeling: Supplemental Model Results
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4.4 Return on Investment
Energy savings are calculated using $.08 per kwh for the city of Chicago, 
which is actually 10% below the delivered rate as of June 2012. As these 
rates move up or down, the return on investment will change accordingly. 
The model does not incorporate any price change do to peak reduction 
nor does it quantify first year savings in the reduction of size of heating 
and cooling capital equipment. This model does not incorporate the use 
of between glass blinds.

Cost and performance of supplemental window systems depend on the 
manufacturer and the city it is installed. In some cases, installation costs 
will equal the cost of the window system so simplicity is very important.

In this particular example, there is 23,500 square feet of glass on the 
entire	building.	If	the	building	manager	assumes	a	cost	of	$20/square	
foot, the entire project would run $470,000. Return on investment in this 
example is therefore calculated to be 8.2 years
using a basic supplemental window system with savings realized on 
a reduction in monthly gas and electric bills alone. Utility prices in this 
model were held constant over the payback period.

If the building is part of a larger modernization project, there would 
be significant capital savings due to capacity reduction in heating and 
cooling systems as stated before. In some cases, this reduction will 
be greater than the entire cost of the supplemental window project. 
Reduction	in	peak	load	could	also	have	a	significant	effect	on	overall	$/
kwh pricing. Cites with high utility costs and hot and cold seasons are 
modeled to be the best candidates for supplemental window systems 
from return on investment. Other cities showing similar energy model 
results using supplemental window systems are New York City, Boston 
and Washington DC.

When the modernization process fully considers the wide ranging effect 
of supplemental window systems, the relatively low cost to install and 
essentially zero maintenance cost for the life of the building, this type of 
window product could be the best choice available.

Supplemental Window Systems: Computer Modeling: Return on Investment
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5
Summary:

Supplemental window systems are modeled to reduce energy con-•	
sumption in a 100,000 square foot building with existing ¼ monolithic 
glass by 23% to 30%.

Supplemental window systems are modeled to reduce the peak •	
loads by over 30%.

Supplemental window systems work best in cold climates with high •	
local energy costs but also perform in well temperate climates.

Return on investment of these systems is modeled to be approxi-•	
mately 8 years on pure monthly energy savings alone.

Heating and cooling capacity requirements need to be recalculated •	
with supplemental window systems and will effect the return on in-
vestment.

Supplemental window systems should always be considered in •	
modernization projects when exterior windows are structurally and 
cosmetically sound.
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Appendix B: Monthly Utility Bill Comparison
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Appendix C: Annual Energy Consumption Comparison
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Appendix D: Monthly Energy Consumption Breakdown: Baseline



  Page 18

 

  















           














           





















            

             
             
             
             
             
             
             
             
             
             
             
             
             



            
             
             
             
             
             
             
             
             
             
             
             
             
             

This is a confidential, proprietary and copy written report of Therm-o-Lite Inc.  Duplication and distribution of this report is strictly prohibited.

Appendix E: Monthly Energy Consumption Breakdown: Supplemental I



  Page 19

 

  















           


















           





















            

             
             
             
             
             
             
             
             
             
             
             
             
             



            
             
             
             
             
             
             
             
             
             
             
             
             
             

This is a confidential, proprietary and copy written report of Therm-o-Lite Inc.  Duplication and distribution of this report is strictly prohibited.

Appendix F: Monthly Energy Consumption Breakdown: Supplemental II
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Appendix G: Monthly Peak Demand: Baseline
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Appendix H: Monthly Peak Demand: Supplemental I
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Appendix I: Monthly Peak Demand: Supplemental II
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Appendix J: Annual Energy Consumption: Baseline
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Appendix K: Annual Energy Consumption: Supplemental I
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Appendix L: Annual Energy Consumption: Supplemental II
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Appendix M: Annual Energy Consumption Comparison
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Appendix N: Monthly Electric Peak Day Load Profiles: Baseline (1 of 2)
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Appendix N: Monthly Electric Peak Day Load Profiles: Baseline, (2 of 2)
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Appendix O: Monthly Electric Peak Day Load Profiles: Supplemental I (1 of 2)
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Appendix O: Monthly Electric Peak Day Load Profiles: Supplemental I (2 of 2)
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Appendix P: Monthly Electric Peak Day Load Profiles: Supplemental II (1 of 2)



  Page 32

 

  















       

















       

















       

















       

















       

















       



















This is a confidential, proprietary and copy written report of Therm-o-Lite Inc.  Duplication and distribution of this report is strictly prohibited.

Appendix P: Monthly Electric Peak Day Load Profiles: Supplemental II (2 of 2)
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Appendix Q: Annual Energy Enduse Summary (1 of 4)



  Page 34



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Th
is

 is
 a

 c
on

fid
en

tia
l, 

pr
op

rie
ta

ry
 a

nd
 c

op
y 

w
rit

te
n 

re
po

rt 
of

 T
he

rm
-o

-L
ite

 In
c.

  D
up

lic
at

io
n 

an
d 

di
st

rib
ut

io
n 

of
 th

is
 re

po
rt 

is
 s

tri
ct

ly
 p

ro
hi

bi
te

d.

Appendix Q: Annual Energy Enduse Summary (2 of 4)
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Appendix Q: Annual Energy Enduse Summary (3 of 4)
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Appendix Q: Annual Energy Enduse Summary (4 of 4)
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Appendix R: Annual Building Summary (1 of 2)
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Appendix R: Annual Building Summary (2 of 2)
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Appendix S: Settings Used for Baseline Model
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Appendix T: Settings Used for Supplemental I Model
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Appendix U: Settings Used for Supplemental II Model


