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Background: 

NFRC 200 and NFRC 300 use a standard spectrum for the purpose of weighting the spectral calculations of solar transmission performed by appropriate fenestration analysis software (e.g., WINDOW and OPTICS). Since the inception of these NFRC documents, the spectrum used for this task has always been the ASTM E 891 standard spectrum, which was adopted 25 years ago by ASTM, and later by ISO (ASTM 1982; ISO 1992). This is a direct irradiance spectrum for an air mass of 1.5. The use of a single standard spectrum is necessary for rating purposes, and therefore needs to be carefully chosen and validated.

ASTM E 891 is now obsolete: It has been replaced by ASTM G 173 in 2003 (ASTM 2003). This new standard has marked differences; its overall direct irradiance is more intense, its spectral balance is blue-shifted compared to ASTM E 891, and its resolution is an order of magnitude finer than that of ASTM E 891. The adoption of this new standard was also backed by a careful validation process based on comparison to actual measurements and other state-of-the-art atmospheric computer models. It is anticipated that international standards organizations, such as ISO and the International Electrotechnical Commission, will follow suit and adopt ASTM G 173 as the standard spectrum for their practices.

Following ASTM’s move, CIE (Commission International de l’Eclairage/International Commission on Illumination) has established a Technical Committee (TC 2.17) to prepare new spectral standards based on the same radiative model as specified in ASTM G 173, but for other purposes than those of the ASTM Standard. These new standard spectra would include global irradiance on vertical surfaces, which for vertical fenestration, is closer to reality than direct irradiance. It would be important that NFRC be represented in the CIE technical discussions so that the standard spectrum they eventually adopt respects NFRC’s needs. This would offer NFRC the opportunity to participate in the replacement of the currently outdated weighting function with more accurate data. It is anticipated that, through the use of more accurate solar spectral data, simulation software will generate Solar Heat Gain Coefficients (SHGC) that are in better agreement with actual solar calorimeter test results, thus removing a source of uncertainty in SHGC calculations.

In order to keep up with the latest and more accurate procedures, NFRC 200 and NFRC 300 need to update the standard spectrum used in those procedures. To accomplish this goal, NFRC needs to decide if it should reference ASTM G 173, or the potentially more appropriate CIE spectrum. Knowledge about how this change will affect the current SHGC and Visible Transmittance (VT) ratings is crucial in order to select a new solar spectral weighting function for NFRC’s use.

Objectives:

The intent of this research project is to provide a recommended spectrum to NFRC by assessing the impact of a potential change in the reference spectrum that is used to properly weigh the spectral transmission calculations through glazing. It is therefore proposed (i) to evaluate the effect that adopting one of the new possible spectra would have on the optical properties, SHGC and VT ratings of typical fenestration systems; (ii) to follow closely the progress of CIE’s standardization work with the help of a liaison; and (iii) to orient their work so that NFRC’s needs for a single spectrum (specifically applicable to fenestration rating) are fully taken into consideration.

Scope:

This research project will consist of 4 tasks:

Task 1 – Selection of Glazing Systems: 

Prepare a list of glazing systems to be included in this analysis. This list of no less than 16 representative test specimens will have to be approved by the Project Monitoring Task Group, but at a minimum will include a number of different spectrally-selective glazing systems (which are most affected by the spectral distribution). This list will also consider both vertical and non-vertical glazing systems. 

Task 2 – Calculate and Analyze Optical Properties, SHGC and VT ratings with Different Spectra: 

Use current NFRC 200 and NFRC 300 approved computer modeling software (e.g., WINDOW and OPTICS) to determine the SHGC and VT ratings of the glazing systems identified in Task 1. At least four values of each of these ratings shall be calculated and reported, for (a) the current ASTM E 891 spectrum; (b) the direct irradiance ASTM G 173 spectrum at normal incidence; (c) the global irradiance ASTM G 173 spectrum for a 37° tilt; and (d) the global irradiance spectrum(s) to be proposed by CIE. Prepare a statistical analysis of the data thus obtained and determine if a relationship exists between the glazing’s degree of spectral selectivity and the expected relative change in SHGC and VT ratings.

Task 3 – Monitor CIE Technical Committee 2.17: 

Attend CIE TC 2.17 meetings, during which NFRC’s concerns should be voiced (as to what kind of spectrum should be promulgated by CIE for fenestration rating applications), to suggest specific conditions (atmospheric or otherwise) that the “NFRC spectrum” should be based on, and to be kept closely informed on any new developments leading to adoption of relevant standard spectra by CIE.  It is likely that CIE will use SMARTS computer software to generate the new spectral weighting functions for their new standard(s).  The SMARTS software has also been used to generate the standard solar spectra currently specified in ASTM G 173.  The Principle Investigator of this proposal, Chris Gueymard, is the developer and author of SMARTS and is therefore uniquely qualified to represent NFRC’s position at CIE meetings.

Task 4 – Reports on CIE Activities, Final Report and Paper: 

Report on the CIE activities to the Project Monitoring Task Group (PMTG), and to the membership at NFRC meetings. Write and submit a peer-reviewed paper summarizing the findings and conclusions from this research project.
Deliverables and duration:
The total project period is expected to be 12 months, unless there is significant delay in the progress of CIE’s work, outlined in Task 3. The final technical report will be delivered at the end of the project period and not later than 18 months from the start of the project. In addition, a technical paper (justifying the recommended change in procedure) will be submitted to one of the peer-reviewed publications (i.e., ASHRAE Transactions, Solar Energy, etc.) within 3 months of the delivery of final report.

Selection of Glazing Systems (Task 1) – Three months after the project is approved, a reasoned list of at least 20 representative glazing systems will be submitted to the PMTG. These recommended representative glazing systems will be justified by a literature review and/or expert recommendations. Duration: 3 months.
Generate and Analyze Data (Task 2) – Six months after the list of glazing systems is approved, present the results of comparison between computer modelling of optical properties, SHGC and VT ratings on at least 16 glazing systems chosen by the PMTG obtained with three existing spectral distributions, and the CIE-NFRC draft spectrum if defined (Task 3). The data will be compiled and analyzed, specifically identifying the effects (and any correlations) of the change in spectra to the change in NFRC optical properties, SHGC and VT ratings. Duration: 6 months.

Report CIE Activities and Represent NFRC at CIE TC 2.17 Meetings (Task 3) – Present to the PMTG a detailed account of the CIE activities within three weeks after each TC 2.17 meeting. In addition, provide reports concerning the CIE activities to the NFRC membership at regularly scheduled NFRC Research Subcommittee and/or Optical Properties Subcommittee meetings for the duration of this project. In return, report to CIE TC 2.17 the concerns and expectations expressed by the NFRC membership concerning the development of new CIE spectral weighting functions. Duration: about 12 months (one or two meetings depending on CIE’s meetings agendas and schedule).
Final Report and Paper (Task 4) – Nine months after the list of glazing systems is approved, present final results of Task 1 and 2. This will include recommendations and any replacement language for modifications to NFRC 200 and 300, and recommendations for corresponding revisions to WINDOW and OPTICS computer programs. Duration: 3 months.
Estimated cost:

$35K 
(No Material Costs)

NOTE: The entire $35K is being requested from NFRC. No funding is being sought from other sources.

NOTE: Other than funding and guidance from the PMTG and NFRC Membership, no staff assistance, facilities or specimens will be requested from the NFRC.

RECOMMENDED PAYMENT SCHEDULE:

30% at start of project

50% upon delivery of final report

20% upon delivery of peer-reviewed paper

Sole sourcing:

The Principal Investigator for this project, Chris Gueymard, is the author of the SMARTS software (see, e.g., Gueymard 2001; Gueymard et al. 2002) that is currently used to generate the standard solar spectra referenced by ASTM G 173, and will most certainly be used by CIE to develop new standard spectra. Not only is this software recognized and referenced by ASTM, but by the efforts of this Principal Investigator, it is in the final stages of approval of being accepted by ASHRAE as the official means of generating the clear-sky, solar spectra on surfaces of any tilt or orientation in over 100 locations in North America (ASHRAE 1143-RP; see Gueymard 2007). The solar spectra generated by SMARTS have been extensively validated with actual measurements, and since the model depends on readily available atmospheric indices, it can generate solar spectrum for almost any location or condition. The résumés of the proponents of this project are attached at the end of this proposal as additional justification as to why this project should be sole sourced.
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