IMAGE

Implementation of Advanced Glazing in Europe

Background

From an energy and environment viewpoint, it is well understood that the glazed component of a building is, at the same time, the weakest and the strongest element. Its disadvantages are associated with heat loss, thermal discomfort  (radiant asymmetry and down draughts) and visual discomfort (disability and discomfort glare); its benefits include passive solar heat gain, electric lighting power reduction and view. Previous research has therefore sought to assist the industry in accentuating the benefits while eliminating the disadvantages. By focusing on specific technologies, such research has brought about significant developments in advanced glazing systems in the form of new glazing types and window system encapsulations; electrochromic, aerogel and low emissivity products are examples of the former and evacuated glazing of the latter. While the overall potential of advance d window systems is high, the actual benefits that will accrue in any specific case will depend critically on the technical capabilities of the glazing and the nature of the interactions with the other building sub-systems. 

The IMAGE project aimed to encourage appropriate applications of advanced glazing, to raise awareness of products amongst designers, and to give impetus to market penetration. The project comprised two complementary activities: the testing of representative advanced glazing systems using laboratory facilities and the PASLINK outdoor test cells and the use of computer simulations to determine the overall behaviour of these glazing systems when applied to different building types operating under different climates. 

Technologies

Just as there are a number of approaches to energy conscious building design – natural ventilation, daylight utilisation, photovoltiac technology integration and the like- there are many approaches to advanced glazing system design: monolithic and granular, aerogels, transparent insulation materials, encapsulated shading devices, low emittance coatings, evacuated systems, angular selective transmittance coatings, holographic and prismatic materials, variable transmittance electrochromic, thermochromic and liquid crystal devices. Indeed, commercial systems now exist or are emerging which are well matched to the range of European climatic conditions:

· Cool: Low thermal transmittance (U) with a high total solar transmittance (Ts) e.g. triple glazed argon filled with 2 low-e coatings giving U=0.95 Wm- 2K-1 and Ts=0.5.

· Hot: Solar control with low thermal transmittance and high visible transmittance (Tvis) e.g. double glazed, argon filled with 1 low-e spectral selective coating giving U=1.35Wm-2K-1,Ts=0.37, Tvis=0.67.

· Mild: Combination of the above, with variable solar/visual control achieved by encapsulated blinds (commercially available) or electrochromic/thermochromic glass (not yet commercially available). 

Recent research, e.g. the work of IEA Task 18 on advanced glazing materials, has been concerned with facilitating further performance improvements. Table 1, for example, lists some of the many possible targets for optimisation. 

When the qualitative issues of cost, colour, visual amenity, glare, etc are added to these quantitative parameters, it is clear that there is a high potential for conflict. Some means is required to handle the dynamic interactions within the advanced glazing system, and between this system and the building. Simulation provides such a mechanism. 

Integration

The striking of a balance between energy efficiency and occupant comfort can only be achieved at the room level where occupant needs and behaviour, daylight and solar utilisation/exclusion, system response and orientation effects give rise to contradictory requirements. The success of an advanced glazing system depends crucially on the designer’s ability to obtain an integrated performance view at this level of resolution. An IPV is a collection of representative performance metrics which quantify building fuel use, equivalent environmental impact, and room level comfort in a way which supports comparisons between alternative designs. 

Unfortunately, the performance of advanced glazing products are characterised by basic parameters such as U-value, solar and visible transmittance, etc which do not readily translate to an IPV. Within the IMAGE project, the ESP-r and Radiance programs for thermal and lighting simulation, respectively, have been placed within an application framework whereby the results from standardised simulations are collated to provide a succinct summary of overall performance, the IPV (see diagram). 

Process

1. A base case computer model is formed to some required level of resolution (using measured thermo-optical data). Where measured data exists, this model is subjected to a calibration study whereby the predictive accuracy is examined and judicial adjustments made to the inputs as necessary. (note that the purpose is to improve confidence in the model, not to validate the simulation programme). This model might be of an existing building to determine the thermal and visual performance benefits that would accrue from the adoption of advanced glazing or a proposed new design in order to identify situations where advanced glazing systems might be applicable.

2. One or more reference models are developed to represent possible advanced glazing options or to facilitate study of a proposed optiminsation measure. The as-built case can then be compared with these references in order to quantify the benefits (or otherwise) of the proposed scheme. 

3. Simulations are then carried out and the results collated as an IPV which highlights the as-built to reference performance differences across relevant criteria. 






Table 1 Areas for performance optimisation

Insulating glazing
The insulating properties of a window can be improved by including multiple glass layers, by applying low–e coatings to layer surfaces, or by using a low conductivity gas such as argon or krypton instead of air.

Spectrally selective
Spectrally selective coatings can be applied to the glass to reduce transmission at specific wavelengths. Of foremost interest are those coatings which give solar control with little adulteration of view. I.e. within the infrared portion of the solar spectrum (e.g. a typical advanced glazing product will have a visible transmittance of 67% for a total solar transmittance of only 37%).

Edge spacers
These provide the seal for multiple glazing and are invariably made of aluminium or steel to provide mechanical strength under thermal stress. Because such materials give rise to a high conductivity thermal bridge, low conductivity spacers are being developed.

Insulating Frames
Typical double glazing frames have higher U-values than the corresponding centre pane U-values for low-e double glazing. With frames comprising some 20-25% of the aperture area, or 10% in the case of a curtain walling system, improved frame systems are required to achieve a low, overall component U-value.

Variable transmittance
Adjustable glazing systems offer the best prospect for providing an optimum solution as occupant and system needs vary throughout the year and daily.  Blinds or louvres operated under automatic or manual control offer one option. An elegant alternative, which is currently under development, is electrochromic glazing whereby the transmittance can be varied by the application of a small voltage, which changes the oxidation state of the electrochromic coating. Both visible and total solar transmittance can be varied from their normal value (say 60%) down to some lower value (say 10%). The time taken to change (from the maximum to minimum values) is typically about 5 minutes. Because the voltage is only required to effect the change, and need not be sustained thereafter, the power consumption is small. The effective integration of this technology will require the development of appropriate control algorithms.
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