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Interview with an Expert Coming Soon

Integrated Building Design
for Energy Efficiency

Stephen Selkowitz, Building Technologies Department, Lawrence
Berkeley National Laboratory

Beam It In, Scotty! The Future in Window Technology is Here.

From oiled paper to glass that automatically controls the amount of light it lets
through—Glazing options have made some huge strides since people first tried
to bring light into interior spaces.

The last century saw windows become better filters to control climate conditions and better tools for control-
ling and harnessing daylight. Within the last 20 years, manufacturers, supported by research at our national
laboratories, have brought revolutionary glazing technology from the experimental stage to the edge of real
architectural application and into standard practice. With the technology comes the opportunity for better
controls and efficiency, more comfort, and better productivity. And with the research come powerful design
tools to help you get the most out of these new windows for your projects.

Steve Selkowitz (seselkowitz@lbl.gov) is the Director of the Building Technologies Department
(http://eetd.1bl.gov/BT.html) of the Environmental Energy Technologies Division at Lawrence Berkeley
National Laboratory. He is a world-renowned researcher, author and lecturer in the field of energy-efficient
building technologies. His work has won several awards, most recently from Architecture Magazine and the
Initiative for Architectural Research for his work on daylighting with integrated envelope and lighting sys-
tems and from the Illuminating Engineering Society for outstanding contributions to the fields of lighting and
vision. Steve serves as technical advisor to a variety of building efficiency programs and initiatives, and his
group supports the NFRC, the DOE Energy Star program and the Efficient Windows Collaborative
(http://www efficientwindows.org/).

E-News recently asked Steve to report on the latest and greatest in glazing technology and on the newest
software tools for the design community.

We’ve heard that advanced glazing technology has been in the works. What can it do, and when will it
be available off the shelf?

In terms of thermal control, for a long time people viewed glass as the enemy of energy efficiency: On a cold
night glass lets heat out, even in California, and on a hot day it lets heat in and increases cooling load.
Architects like to use glass, and in trying to consider energy efficiency in their designs, they first used double
glazing to reduce heat loss and variations in tinted glass to control cooling loads. Sometimes glass has been
used poorly, which has created problems not only in energy efficiency but also in other areas such as human



performance. But in the last 20 years a whole set of new technologies has become available, giving designers
the freedom to specify more efficient solutions.

Single glazing can be cold to sit next to, even in California, so manufacturers came up with double glazing,
low-e coatings, gas-filled windows, and even some triple-glazed windows to reduce heat loss. Now, instead
of glass being a constant source of heat loss, it can achieve insulating levels that approach that of a wall. An
R8 or R10 glazing unit can outperform an R19 opaque insulated wall even if facing north in a cold climate.

At LBNL we did actual field tests on these various highly insulating glazing technologies and demonstrated
that the performance was real. This glazing technology is now commercially available off the shelf to solve
heat loss problems if you have special needs, although it is still more expensive than conventional options.

For cooling solutions, today’s technologies offer much better control of solar heat gain and light. Manu-
facturers have taken the low-e coating and modified it to admit almost all visible rays but to block invisible
infrared rays in sunlight that transmit much of the heat. The resulting glazing product is called spectrally
selective low-e glass.

In addition to using coatings, manufacturers have had some success with tinting such as blue-green tinting,
but the spectrally selective low-e coatings are still the most effective. This product has effectively separated
light transmission from solar heat transmittance. It is very cost-effective and should essentially become the
base case in climates where cooling is important. I’m not saying there is one type of glass that should be
used everywhere, but there is a whole array of these spectrally selective glazing technologies that should
become standard use for most building applications in California.

What are the challenges to designing effective daylighting and lighting control strategies with glazing?

Specifying facade solutions for energy efficiency can be a very complex process. There are many design
variables and context variables that interact with each other, making selection and optimization more diffi-
cult. In order to control the amount of light admitted into a building one must consider its geographic loca-
tion (such as inland desert, mountains, or coast), its orientation toward the sun, and surrounding site condi-
tions. In addition, the architectural style solution you are going to use will play a key role, such as whether
you will be using punched windows or an all-glass facade. Finally, you should also consider the whole fenes-
tration system—frame and glazing together—and some type of shading system.

Wherever fixed optical properties are built into the glazing design solution, there has to be some kind of
compromise in performance over time. For example, if a building facade uses highly reflective glass to con-
trol cooling loads, on an overcast day, the room will seem dull and electric lights will have to be turned on. A
clearer glazing solution admits more light but at a penalty of solar loads and glare. If you have a truly north-
facing fagade, the solution is pretty straightforward. But for east-, west-, and south-facing facades combined
with seasonal weather conditions, you face a huge dynamic range in incidental environmental conditions.
You can apply architectural solutions such as overhangs, but they, too, are fixed designs that work well at
some times and not at others. You can use operable shades, drapes, blinds—some are effective and add to the
aesthetics—but who’s responsible for their proper use?

For example, I’'m responsible for controlling the blinds in my office. Presumably I will adjust for comfort
and glare while I’'m here. But if I’'m out of the office for the afternoon and leave the blinds open, the sun
shines in and the air conditioning runs to control the additional solar heat in the room. Designers need to
consider if office occupants are going to effectively manage an operable fagade. Too many office occupants
feel it’s not their job to optimize the use of the building for the benefit of the owners or the utility.



For this reason, to create high-performance buildings, we think designers should consider integrating and
automating the glazing and daylighting control system. At LBNL we have been investigating technologies to
control and automate management of daylight and solar gain in buildings. There are several motorized blinds
and shades that you can get off-the-shelf with intelligence built in to minimize the reliance on occupants for
shading control. These technologies are still fairly expensive, and are being used in high-end applications
like museums and conference rooms. They are not yet considered to be standard practice, but as building
owners come to understand life-cycle costs, I think they will gain some added acceptance.

“Yeah, but 1,000 motorized shades...?” the building owner might ask, wondering about taking on that main-
tenance issue. This observation has motivated glass manufacturers to explore products that provide dynamic
control within the glass itself, without moving parts. This led to the development of the concept of smart
glass or switchable glass. A common and well-known example of this is photochromic sunglasses that auto-
matically turn dark outdoors in the sunlight but become transparent indoors.

But thinking through the dynamic needs of solar control and glare control in buildings, it is important to be
able to actively control the glazing performance, and not have to rely on passive technology like pho-
tochromic glass. In addition, an actively controlled glazing should be hooked into a building’s energy man-
agement system to optimize its value. The result has been electrochromic coatings that switch on demand
from highly transparent to dark by applying a small electric charge. This technology has been under develop-
ment in research labs for more than 15 years and is now beginning to emerge as a prototype product from
several manufacturers, although it is still a year or two away from early commercial availability.

That technology sounds like a great solution—Have you
tested it out in the real world?

We have just set up the first U.S. demonstration of elec-
trochromic glazings in a downtown Oakland office building
using architectural-size prototypes in offices with real people.
(See photo.) We are also working with several companies to
help develop glazing that will be available in larger pieces
(not just small test samples), switch quickly, and last more
than 20 years. And what we’re seeing is just at the first stage
of real architectural application. We’re pretty excited about
the technology, and hope it will stimulate designers to think
more creatively about using it for dynamic fagade solutions.

How do these control strategies affect other building systems?

If you as an architect tell a building engineer to downsize a chiller because you are specifying conventional
blinds in the building, it’s likely the engineer will refuse. Liability issues require the engineer not to rely on
people’s assumed behavior to maintaining proper light levels and control the cooling load. But once the engi-
neering profession becomes more comfortable with the performance of this kind of automated smart glazing
system, we believe they will be willing to size chillers and HVAC systems more realistically. And if the
chiller is right-sized it can overcome the part-load efficiency problem of an oversized unit. The use of this
smart glazing system can also lead to smaller ducts and piping and eliminating shades and blinds. Although
the electrochromic glazings will not be cheap, the net first cost might be reduced after accounting for these
other offsets and the building owner has more rentable space.



This glazing technology can provide other benefits like improved occupant comfort and perhaps better per-
formance and productivity through improved lighting quality under the range of all sun and sky conditions.
With improved working conditions, it’s easier to keep staff and lower turnover rates. And from an architec-
tural point of view, you can do lots of fun things with it: You can make an all-glass facade that is not only
functional in terms of controlling light but is also aesthetically interesting with constantly-changing patterns
across the facade. This means that achieving building energy efficiency in a design doesn’t have to be entire-
ly prescriptive and narrowly functional the way engineers sometimes think. I think we can too often get
hooked into asking, “What’s the cost and the payback?”” and dropping good technologies that do not have the
desired paybacks. But there are other considerations to this decision process. Perhaps it should be more like
ordering a sunroof in your car, or adding a third bathroom in your home, or providing expensive wood panel-
ing in an elevator. People make decisions like that all the time without asking, “What’s the payback?” We
would argue that some of these emerging technologies make smart sense for building designs today and
shouldn’t be held back by a narrow concern for energy savings payback.

In the same way, technology breakthroughs are providing the design community with more options for use of
daylighting. The classic challenge of controlling the distribution of light in a room is being addressed by new
developments in emerging technology like prismatic glazing and holographic film. In the future these will
enable us to take more advantage of the benefits of daylighting and control some of the potential problems,
like glare, at the same time.

What about those design tools you mentioned: How will they help us, and how can we obtain them?

We have a long-range goal that includes seeing better-trained designers using new design tools to incorporate
more versatile and dynamic technologies to achieve outstanding building performance.

Some design decisions are fairly simple—You can look at options A and B, do a simple calculation, make a
decision, and you’re done. But the design of a building fagade involves a complex set of decisions: heating,
cooling, and lighting considerations alone send calculations off in many different directions. Then there’s
thermal comfort, visual comfort without glare, and performance issues. And your proposed solution has to be
sensitive to climate, building orientation, and occupant activity, i.e., computer-oriented vs. paper tasks.

We want to equip the experienced designer with better tools that strike a balance between the quantitative
considerations (How much light do we need for this space?) and the qualitative part (What will the space
look and feel like?). These tools provide the ability to quickly perform the necessary calculations and have
confidence in the results—Iike our new Desktop Radiance tool (http://www.pge.com/pec/daylight/
destool2.html). We’re saying to the designer that if you’re concerned about lighting quality, these tools will
help you understand how key design parameters will influence various aspects of the overall project.

Does using tools like these squeeze the creativity out of architects? Not at all. By freeing designers from
some of the drudgery in a design office, and by showing more options, these tools can help enhance creativi-
ty and allow designers to consider a wider array of options in a shorter amount of time at lower cost.

Designers never have enough time to consider all the lighting or daylighting options they might want to
explore. What if you had easy access to a library of images of “virtual spaces” showing how lighting perfor-
mance varies with different design solutions, all of which nominally meet code requirements? We are work-
ing to create such a tool that can be used as an adjunct to Desktop Radiance, or can also be used as a stand-
alone package. Designers and building engineers are often focused on prescriptive solutions that will meet
light levels mandated by codes and standards. These powerful tools will allow designers to consider alterna-



tive design solutions, and will show both quantitative as well as qualitative aspects of lighting and daylight-
ing in the space. One useful feature is the ability to compare side-by-side solutions: The same room can be
shown with direct/indirect lights, wall washers, and recessed cans. The architect can take this to the client
and present an apples-to-apples comparison of the same space with different design solutions and conditions.

These tools will allow you to do the routine things quickly and efficiently, so you can use more of your limit-
ed time and budget creatively, exploring the what-ifs. You may hear about a particular new design technique

or feature from a colleague but may not want to risk using it without first testing it out. These tools give you

the ability to create a series of virtual spaces--You can show them to your clients and assure them (and your-

self) that the better-than-standard solutions will really work.

For More Information

...on the Desktop Radiance software click here (http://www.pge.com/pec/daylight/destool2.html) and stay
tuned to Energy Design Resources (http://www.energydesignresources.com/) for more news about the avail-
ability of the Desktop Radiance Libraries.

A handy guide called for “Tips for Daylighting” is now available electronically from the LBNL Web
(http://windows.Ibl.gov/pub/designguide/default.html) site or in hard copy from Energy Design Resources
(http://www.energydesignresources.com/).




