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The following outline/notes are based on two sub-group phone conference discussions held on July 7 and 28.
I. General daylighting objectives (today and future)
a. Support net zero energy goals by significantly reducing use of electric lighting through daylight distribution and management, as well as integration with lighting control systems.  This should be achieved without compromising other aspects of building envelope performance including managing solar heat gain and managing heat transfer through insulative properties.  Measure and report actual building energy performance (kBTU/sf/yr).  Simulated and installed equipment data is not enough.)
b. Improve occupant comfort, productivity, and well-being through access to natural light.

c. Support architectural design and aesthetic intentions through use of natural light to enliven building form, interior spaces, and materials.

II. Current state of daylighting buildings—standard practice / best practices

a. Design—(massing, orientation, window-to-wall ratio (WWR), window placement)
WWR has become a significant and controversial topic lately—some believe that WWR must be reduced significantly to reduce energy use, other advocate greater flexibility depending on climate, building type, and facade configuration to encourage daylighting.  The current trend with codes and standards is to reduce WWR.  One problem with this trend is that once a building’s WWR has been established, it is unlikely to be modified in future renovations even though technologies may be developed that could make a higher WWR more energy efficient.  For horizontal buildings—skylights also become an important component for providing daylighting.
In many buildings perimeter spaces deprive interior spaces of daylighting—for example perimeter offices block light to interior office space, perimeter hospital rooms block light from interior staff work spaces.  There are some buildings that are an exception and are well-planned for daylighting, but they are a small exception.  To some extent, this is the result of the very limited use of daylighting analysis and the limitations of current analysis tools.  Better, more widely adopted methods would better inform codes, policy measures, standards, and design guides.
b. Low tech interior daylight management elements include manual venetian blinds and roller shades.
c. High tech strategies include automated interior and exterior daylight redirection and management systems.
d. Mid tech/hybrid—fixed and manual daylight redirection and management systems, split vision/daylight configurations.
e. Lighting control systems are typically not well-integrated.  Although this topic is being explored by another sub-group, it is a big area of potential and obviously intersects with the topic of daylighting.  Energy savings from daylighting is not possible without well-integrated controls.  Proper use by building managers and building users is a challenging issue.
f. Products in early stages of commercialization—electrochromic glazing and other products have recently become commercially available, but have not yet been widely adopted.  Such dynamic fenestration products are on the DOE’s roadmap for ZEB and in combination with daylighting controls have the capability of significantly reducing energy use in buildings and turning the building envelope into an energy positive.  The normal compromises and trade offs designers make between solar heat gain having enough visible light transmission to provide adequate daylighting are substantially overcome.  More glass area can be installed without energy penalty.  Prices are currently high but are expected to fall with economies of scale.  Prices will fall faster and become more accessible to a wider range of buildings/budgets, and have a greater impact on the broader energy performance of buildings if market adoption is accelerated.  It is important to find mechanisms that break down the barriers to adoption of new, important, technologies.  One can imagine incentives for adoption, funded demonstration projects which prove out benefits, removal any code barriers  etc.

III. Vision:  daylighting buildings in 2030-2050
a. How much are buildings likely to evolve—including uses, types, and scale?  Will this have implications on daylighting?
Buildings will likely be very similar to today’s buildings in their general configuration, but the uses and tasks within them may be significantly different.  For example, recent and current use of computers and monitors drives many decisions regarding the building envelope, window coverings, and electric lighting systems.  Future computers, monitors, and/or equivalent devices for work tasks are likely to be significantly different.

Most of the good design principles that will make a difference in the next 20-40 years are already known.  In new buildings, minimum codes need to acknowledge these good principles and require better design.  Energy performance codes also need to be enforced, which will require that states dedicate money in their budgets.
EUI based codes and metrics will speed adoption of lighting controls and daylighting.  (We are currently at the point where the only way to lower LPD results in insufficient lighting unless daylighting is employed.) 
b. Design—implications of massing, orientation, and window placement on daylighting
(Traditional / non-traditional approaches)
Scale and floor-plate depth play a significant role.  Narrower floor plates as seen in European buildings can increase the amount of floor area that can be effectively daylit.  Building scale also impacts daylight availability—buildings that have three or few stories can be daylit from skylights as well as windows.  To allow deeper daylight penetration, enclosed offices at the perimeter are likely to become less common.
c. New buildings—
How will daylighting be incorporated and managed for the major building uses/types?
(office, residential, retail, civic, healthcare, education, manufacturing, research)
Nearly all types require daylighting and have significant potential.  In 20-40 years energy and daylighting should be strong drivers in building planning and design.
What role will daylight play in building energy use? 
Where is the greatest potential to support the goal of net zero energy use?
What role will daylight play for building users comfort, productivity, and well-being?
What kind of interaction will there be between building users and daylight? 
What are the most significant hurdles?
d. Existing buildings—
What approaches are most likely to be taken to retrofit existing buildings to improve daylighting conditions?
Highly tinted glass (which prevents light from penetrating) will be replaced with high transmission low E glazing, glazing with a high light to solar gain ratio (LSG), and dynamically controlled mechanical shading or dynamic glazing systems which will be used to manage heat gain and glare.
Replacing glazing and window systems is quite expensive so it can be challenging for improved performance to show a reasonable cost benefit.  The impact is also limited by the existing skin of the building—if the windows are small (20% WWR) and positioned low on the wall, good daylighting isn’t possible.  This could be an issue in the future due to the current trend in codes toward lower WWR.  Current codes should take into consideration current performance as well as the flexibility to upgrade the building envelope in the future to realize better daylighting and overall energy performance.
Retrofitting or adding skylights with appropriately controlled systems will also provide significantly more daylight to horizontal buildings.
To achieve net zero (or near net zero) with existing buildings, swapping the exterior glass, while expensive, it’s not as expensive as other technologies. If our goal is to get the building to/near net zero, looking at the perimeter has advantage that were also looking at thermal effect – more energy savings and payback.

You can replace the glass within the existing framing system. There are varying degrees at which we can affect the building skin. One option is to change the entire framing system, the other is you keep the framing system and change the infill. For existing buildings the apertures are already fixed.

What role will daylight play in building energy use?
Where is the greatest potential to support the goal of net zero energy use?
What role will daylight play for building users comfort, productivity, and well-being?
What kind of interaction will there be between building users and daylight?
What are the most significant hurdles?
Buildings from the 60’s and 70’s typically were not planned for daylighting and have a very thick floor plate.  New strategies and technologies can improve perimeter conditions.  Moving natural light deeper into the interior and core areas is possible, but difficult and expensive and thus less likely to be realized.
New York City has demonstrated that a City government can play a role in building improvement, when they passed a local law that requires all buildings larger than 50,000 sq.ft. to be upgraded and brought up to current code by the year 2025. These sorts of policy instruments are likely needed to make a real difference in the existing building stock, as we have seen relatively few buildings take advantage of currently available tax incentives. Incentives are nice, but there is rarely enough money in them to make a real difference.

IV. Vision:  available technology in 2030-2050

a. Low tech interior daylight management systems (manual venetian blinds and roller shades) can be very effective, but require more careful space planning around patterns of light, sky conditions, and building uses.
b. High tech/mid tech/hybrid—fixed and operable daylight redirection and management systems, split vision/daylight configurations
i. Remote daylight redirection systems—heliodons

ii. Exterior daylight redirection/management systems
Automated exterior venetian blind are can be very effective at redirecting daylight, managing glare and managing solar heat gain.  In temperate climates (like Seattle) they can keep solar heat loads low enough that it is possible to eliminate cooling systems.  In this scenario, overall costs can be reduced.  Because they are dynamic, they open for more daylighting on overcast days.  They also inherently adjust as needed to optimize daylighting for each solar orientation.  Exterior venetian blinds have significant potential for sunny and warm climates.  Testing at LBNL on exterior venetian blind systems has shown up to an 80% reduction in solar heat gain.  Maintenance and durability are concerns for exterior venetian blinds.  They must automatically retract in high winds to avoid damage.  One option is to use them within a double-skin assembly, although this is rather expensive.  Exterior venetian blinds are fairly common in Europe and have been used over the past 40 years.
Accurate energy simulations for dynamic systems are particularly challenging because they are dependent on good control algorithms.  EnergyPlus has the capability, but the algorithms need to be developed further.  COMFEN is an interface for EnergyPlus developed by LBNL that allows comparative studies of facade configurations.  
iii. Interior systems manual and automate systems to redirect daylighting and manage glare.
iv. Dynamic glazing systems can be effective for optimizing heat gain and light levels as a function of changing exterior daylight conditions and can be used in conjunction with separate daylight redirection elements.  As such they have the capability for achieving significant energy saving performance (reference LBNL work) without obstruction of view and without the maintenance required to keep dynamic exterior and interior mechanical shading solutions working well.
v. Light tube and similar daylight redirection configurations can be effective, but require physical space to move light and thus can be expensive and impractical.
vi. Fiber optic daylight redirection systems
c. Integration with control system (will primarily be covered by separate subgroup)

d. Integration with lighting system (will primarily be covered by separate subgroup)

e. Measurement and verification—actual building energy use (in kWh/sf/yr or kBTU/sf/yr) should be measured and reported, not just the installed power of the equipment. Poor performing buildings should be penalized.
V. Process and tools—current practices and vision for future
a. Design and simulation tools
How many buildings currently use daylight simulation tools for design and decision-making?  Not even 20%, probably about 2%.
How is this likely to change over the next 20-40 years?  Is there a need for a middle ground—pragmatic methods that don’t offer a full sophisticated analysis (such as Radiance) but provide good guidance?
Sub-committee members noted that because 80% of daylighting analysis is fairly straightforward, common simulations sequences can be used to identify rules of thumb to develop a pattern book approach to daylight.  The Seattle Integrated Design Lab, NBI, and University of Idaho are currently working on this.  There is also a need for rigorous investigation and simulation of building specifics like occupant behavior, shading and other site specific factors, and controls to realize the maximum performance benefit from daylighting.

The technology that the consortium is exploring can and should include daylighting design and simulation tools that support the goal of net-zero energy use.  What are the gaps?  What is missing and needed to get beyond the current 2% of buildings that engage a daylight analysis process?  More training?  More trustworthy results?  What drivers in the design and documentation process need to be addressed?
Many tools are available, funding could help train more users of daylight analysis. Development of tools that “incorporate the expert” is also needed.

Many of the existing tools provide illuminance levels, but what is challenging and really needed are luminance levels and daylight quality metrics.  Often quality issues over specific time period are a priority that must be addressed (prerequisite) before energy implications can be considered.  Glare is particularly difficult to define and measure.  Multiple view points are needed which significantly increase the light vectors that must be analyzed.  Many pieces of the basic tool box are in place—but no one has put it all together yet.

One of the issues with simulation output is the viewing devices which limit user feedback.  Typical monitors don’t have the ability to show the actual high dynamic range (HDR) analyzed by simulation tools.  Improved display devices are beginning to become commercially available, including one recently acquired by DOLBY which has a range of 20,000 to 1 or greater.  With a HDR monitor a virtual mock-up can be viewed for analysis.  

In the meantime, simple methods can be developed as short term proxies for understanding patterns of light utilizing tools such as SketchUp.  Existing tools can be used better than they currently are.  Although currently daylight analysis images don’t tell you everything, guidelines can help provided a better understanding.


Daylighting needs may conflict with other building envelope strategies for achieving net-zero buildings, particularly solar control and insulative properties.  It is important to understand the balance needed and tradeoffs required.  Perhaps future technologies can diminish the tradeoffs that currently exist.
It would be useful to have a better developed rules of thumb regarding trade-offs.  For example:  the daylighting benefit of windows vs. thermal losses.  The trade-offs may offer opportunities for emerging technologies—such as daylight redirecting surfaces, efficient lighting and control systems.  Dynamic daylight systems are also a challenge for analysis—better simulation tools and rules of thumb would be beneficial.  New technologies are needed to develop simulation tools that can accurately simulate actual materials.  The current ASHRAE advanced design guides do not include dynamic systems.  

The right tools can provide a feedback loop for both design and operations.  The cycle is indirect, not direct.  Many tools are not easy enough to use and thus are limited to large building projects where the costs of energy simulations are not a huge part of the total budget.  Tools need to become accessible to all buildings so that various design choices can be explored and trade-offs can be made in a systematic fashion, say between the building envelope design and the mechanical and electrical equipment.
Overall—the vision is for tools and methods to be developed that allow a significantly higher percentage of buildings to benefit from daylighting analysis.


b. Daylighting metrics
LEED criteria for daylighting (Daylight factor—DF) very simplistic.  Glare metrics exist, but they are complex and there isn’t an agreed upon standard.  Quality of daylighting is important in addition to quantity of daylight.  What is good daylighting?  Fraunhofer has developed a glare metric and a tool to calculate it (evalglare).  Heshong Mahone is working on a daylight sufficiency metric.  Although it is challenging, to develop a comprehensive metric, the two need to somehow be rolled together.  Because there are multiple daylighting goals (including energy performance and human factors) it is important for to articulate the goals to guide the process of identifying and measuring the appropriate metrics.  (See also h. below)


c. Physical testing
There is often a chasm between daylighting objectives, decision-making, and daylight conditions in completed buildings.  In part this is because there is seldom compensation for evaluating actual conditions.  Are buildings actually living up to daylighting objectives?
Control systems are often installed but may not be well designed or properly commissioned to actually realize daylighting energy savings potential.  If skylight or other glazing is added but controls don’t work properly the energy use may actually be higher.
It would be useful to identify the general specifications and calibration required to realize performance potential.  Operating sequences are often not clearly or accurately specified for control systems.
SPOT (Sensor Placement Optimization Tool) is a simulation tool developed by Zack Rogers and others that is currently available and uses an annual daylight simulation and correlation analysis, with actual measured sensitivity of photo sensors to optimize their placement and operation.
Proper design, specifications, and commissioning of control systems is critical to actually realizing energy savings from daylighting.  Inadequate design of control systems and sensor placement typically leads building users and operators to frequently (or permanently) override the control system.
Another sensor optimization tool is under development  by Rick Mistrick at Penn State that uses a daylight coefficient approach via DAYSIM.  The project is being funded by Samsung and is (or was) under wraps for one year, but will be available for download soon (if it isn’t already.)

d. Delivery (construction/installation)
Contractual obligations may need to change. Today, contractors are "rewarded" (as measured in terms of their income) by lowest initial cost, which leads them to try to break any high performance specification. This path does not lead to net zero energy performance, so we need to change the contractor's metric to something else, such as life cycle cost. Contractors will have to be responsible for the on-going operational efficiency of the building, not just the initial cost.  An example is the NREL RSF building which has performance requirements that are tied to incentives in the design build contract.


e. Post occupancy measurement, surveys, and dashboards


f. A Process/Method of the Future (proposed by Kyle Konis)
How can the knowledge ("lessons learned") from buildings in operation be fed back to improve the design metrics for new buildings?  How can this process work within a firm, across firms, across the profession, and between researchers, professionals, government, green building organizations, and clients?

i. What is the design intent? (what are the daylighting goals? Energy, but what else?)

ii. What are the design metrics being used to zero in on that intent?

iii. How are the selected metrics interpreted at each stage in the design process as a decision support tool?

iv. How are the metrics applied to the building in operation to assess performance and make adjustments if needed?

v. In reality, does compliance with metrics equate to satisfied occupants and low energy?
If the design and evaluation of every new building followed this method it would be easier to resolve the transfer of knowledge between groups.


Staring point: Make Intent Clear

If you scrutinize the design of most current high performance buildings, the daylighting goals (i) are stated in vague terms that make it difficult when doing a POE to compare performance in reality to the designer's intent... simply to see if the design was able to deliver the anticipated environmental conditions (iv).

Then there is the follow up question (v), if the metrics are met, "does the environment result in satisfied occupants?" and "does the building really use low lighting energy?"  And, is reduced lighting energy at the expense of increased heating or cooling loads?

Tools to Improve Guidance
Relative to the five steps outlined above, it would be useful to map out what tools are currently available and used to make decisions including when they are used in the process.  This could point toward more effective use of the tools over the next 20-40 years, how the tools should be developed, and what new tools are needed.


VI. Key barriers

a. Product/system technology

b. Daylight simulation and design techniques

i. up front costs for professional services

ii. behavioral issues that resist change to established design and engineering processes
c. Policy

i. building codes/standards

1. energy

2. safety

3. electrical

ii. test and measurement

iii. maintenance (see below)
iv. sustainability

d. Market acceptance

i. cost / reliability / practicality
Many building owners and design team members do not believe that lighting control systems are reliable yet.  This may well be a misconception, and perhaps a function of how well commissioning is done.  We need to find a way to demonstrate reliability of such systems so that they are widely accepted and their efficacy is proven.

Dynamic products are typically more expensive, less available, and require commissioning and maintenance.  (Price and availability are a function of adoption.  Dynamic glazing can be less expensive than automated exterior venetian blind systems.  Economies of scale and availability are a function of market demand.  Within 10 years, availability should not be a limitation as investment will be there assuming rising market demand.)
Reliable performance can help convince owners and design team members.  Government support is needed to incent building owners.
ii. occupant comfort/safety


VII. Key developments and recommendations required to overcome barriers

a. Policy—significant shifts in regulation are likely to be needed.  A carbon tax and other policies or incentives to adopt could push the development and adoption of net-zero strategies including daylighting.  (Carrot, stick, or both?)
b. Market acceptance—we need to find ways to reduce the perceived risk to owners/designers in adopting new products, technologies or implementation strategies.
c. Design and documentation process—daylighting analysis could be better integrated into this process.  The daylighting designer needs to be at the table earlier in the process and needs to interact with the building envelope designer and the interior designer.

VIII. How do we get there?

a. Identification of performance potential and priorities for new and existing technologies

A single comprehensive study or a series of coordinated studies documenting the theoretical and actual performance potential of overall building configuration and envelope systems on daylighting, energy use, and human factors would be very valuable. The study should include literature reviews of each topic, simulations of representative configurations, and measurements of representative buildings in use.  This study should also include the implications of the building envelope (insulative properties, infiltration, etc) as well as HVAC and other related building systems.  The conclusions could include applications to both new construction and renovations.  The study would be most valuable if the results should are made readily available and updated on a regular basis.
b. New technologies—building materials and systems
There is a need for increased research and development of building materials and systems to improve daylighting distribution and glare management.  This should include exterior systems, interior systems, films and coatings applied to glazing, and systems that are installed within glazing units.  The national labs and academic institutions should play a primary role in defining and prioritizing the performance needs and desired function as well as testing prototype products.  Funding should also go to support industry R&D projects that have the potential to meet performance criteria.
c. New technologies—digital tools to support design, engineering, construction, commissioning, and operation of buildings to optimize daylighting performance.
(See also discussion in Section V.)  There is a need for both breadth and depth.  Broadly accepted rules of thumb would be a significant help for early decision-making in a significant percentage of projects.  Easy to use daylighting tools which simulate both static and dynamic products would be useful for early design decisions and could also be broadly applied.  Advanced tools are also needed for specialist use.  NREL and LBNL are developing tools such as the Window 6, EnergyPlus, Radiance, and COMFEN.  Further research and development of digital tools is needed.  
d. Smarter applications of known existing, effective, low tech strategies should be supported and promoted over the next 20-40 years.  Those strategies should be identified and the performance benefits quantified through simulations, chamber tests, and measurements in operating buildings.  Detailed case studies can be an effective means of showing performance benefits to help building owners make good decisions about daylighting and overall building performance.
e. Performance of existing buildings—coordinated research studies should be conducted to better document how buildings are actually performance and seek to identify potential for retrofits and/or new buildings.
f. Existing buildings—retrofit and fine-tune
Develop sophisticated programs to improve performance of individual buildings fine tuned to climate, building type, building configuration, construction type
g. Professional Education— is a need for strong degree programs and effective continuing education emphasizing daylighting and overall building performance in architecture, engineering, building science, construction, real estate, and building operations.
h. Policy, codes, and standards can effectively drive daylighting applications in buildings.  They should be based on the best forward-looking research to balance the multiple interrelated factors that drive overall building performance.  
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