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1. Brief rationale 

 

 

1.1 Vacuum glazing – a new type of transparent insulation 

 

Vacuum glazing is new a type of transparent thermal insulation, which can be applied 

in windows for energy-efficient buildings. It consists of two soda-lime glass sheets 

separated by a narrow evacuated space (see Figure below). The internal vacuum 

eliminates conductive and convective heat flow due to gas, and low emittance coatings 

on one or both internal glass surfaces reduce the radiative heat flow to a low level. The 

separation of the glass sheets under the influence of atmospheric pressure is maintained 

by an array of high-strength support pillars (typically 0.1 - 0.2 mm high, 0.25 - 0.5 mm 

diameter, 20 - 25 mm spacing). The design, construction, manufacture and operating 

performance of vacuum glazing have been described in detail elsewhere. 
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1.2 Manufacture of vacuum glazing 

 

Fabricating vacuum glazing requires forming a leak-free seal around its perimeter. This 

is accomplished by fusing the two sheets together with solder glass. The latter is 

essentially soda-lime glass, but with the lime replaced by lead oxide, which acts as a 

fluxing agent, and lowers the melting point. The fusing procedure is carried out at 

atmospheric pressure, while the glazing is heated up to 460°C in an oven. This 
temperature is above the melting point of solder glass, but below that of the glass 

sheets, so that the solder glass is able to wet the surfaces of the sheets, and form a fused 

seal of about 5 mm width around the edges of the glazing. A similar seal is 

simultaneously made between the upper sheet and a short glass pumpout tube, which is 

connected to the internal space. After the edge seal formation and subsequent cooldown 

of the assembly, a diffusion-pumped vacuum system is connected to the glazing via a 

pumpout cup involving an O-ring seal onto the upper sheet around the pumpout tube. 

During evacuation the assembly is heated again to temperatures between 130°C and 

220°C in order to outgas the internal glazing surfaces. After cooling to room 

temperature, the external end of the pumpout tube is melted and closed by means of 

radiative heat transfer from either a tungsten coil within the pumpout cup, or through a 

fused quartz window by an infrared lamp located outside the cup. This tip-off operation 

typically takes only a few seconds. The time required for completing the edge seal 

formation and the bakeout is mainly limited by the rate at which the temperature of the 

glass sheets can be changed. While the sample can be baked out and cooled in two to 

four hours, the edge seal takes about eight hours to form. 

 

 

1.3 Net energy considerations 

 

Vacuum glazing requires energy to be expended during its construction. In particular, 

the outgassing and edge seal formation processes are energy-intensive. On the other 

hand, vacuum glazing can bring about considerable energy savings during its life time. 

Net energy is a concept that deals with the relative magnitude of energy requirements 

and energy production/savings of devices.  

 

 

1.4 Challenge 

 

The aim of this project is to carry out a life-cycle assessment of vacuum glazing, 

initially in terms of (net) energy. If time and data allow, this assessment can be 

expanded towards a full Triple Bottom Line analysis, including economic indicators 

such as profits, and social indicators such as employment. 

 

 

 

2. Knowledge, tasks and skills 

 

– Life-Cycle Assessment 

– Heat transfer through building components 

– Manufacture of glass 

– Net energy requirements 



 4 

 

 

3. Supervisors 

 

Dr Christopher Dey (c.dey@physics.usyd.edu.au)  

Dr Manfred Lenzen (m.lenzen@physics.usyd.edu.au)  

 

 

 

4. Literature 

 

 

Overviews: 

Robinson and Collins 1989; Collins et al. 1991a; Collins and Robinson 1991; Collins 

1992; Collins et al. 1992b; Collins et al. 1993c; Collins et al. 1995; Collins and Simko 

1998 

 

 

On production and production cost: 

Collins et al. 1993b; Garrison and Collins 1995 

 

 

On particular aspects and elements of vacuum glazing: 

Collins and Fischer-Cripps 1991; Collins et al. 1991b; Collins et al. 1992a; Fischer-

Cripps and Collins 1992; Collins et al. 1993a; Clugston and Collins 1994; Turner et al. 

1994a; Turner et al. 1994b; Fischer-Cripps and Collins 1995; Fischer-Cripps et al. 

1995; Turner and Collins 1996; Ng and Collins 2000; Ng et al. 2003 

 

 

On outdoor performance: 

Lenzen and Collins 1997; Lenzen et al. 1999; Ng 2000 

 

 

On net energy: 

Leach 1975; Rotty et al. 1975; Bullard 1976; Huettner 1976; Icerman 1976; Bowen 

1977; Marland 1977; Perry et al. 1977a; Perry et al. 1977b; Perry et al. 1977c; Treat 

1977; Bain 1978; Bullard et al. 1978; Frantz and Bulent Cambel 1981; Gilliland et al. 

1981; Haack 1981; Bailey 1982b; a; Lund and Kangas 1983; Herendeen 1988; 

International Atomic Energy Agency 1994; Crawford et al. 2002 

 

 

On life-cycle assessment: 

Pilati 1976; International Organisation for Standardisation 1998a; b; 2000; Treloar 

2000a; b; Treloar et al. 2000a; Treloar et al. 2000b; Guinée et al. 2001; Lenzen 2001; 

Heijungs and Suh 2002; Heijungs et al. 2003; Lenzen and Treloar 2003; Suh et al. 2004 

 

 



 5 

5. References 

 

Bailey, R.A. (1982a). Net energy analyses of eight technologies to provide domestic hot 

water heat. Energy 6(10), 983-997. 

Bailey, R.A. (1982b). Net energy analyses of four technologies to provide residential 

space heat. Energy 7(10), 803-815. 

Bain, D. (1978). Wind energy, net energy and jobs. Wind Power Digest(Spring), 46-48. 
Bowen, R.G. (1977). Net energy delivery from geothermal resources. 15-19. 

Bullard, C.W. (1976). Energy costs and benefits; net energy. Energy Systems and 

Policy 1(4), 367-382. 

Bullard, C.W., Penner P.S. and Pilati D.A. (1978). Net energy analysis - handbook for 

combining process and input-output analysis. Resources and Energy 1, 267-313. 

Clugston, D.A. and Collins R.E. (1994). Pumpdown of evacuated glazing. Journal of 

Vacuum Science and Technology A 12, 241-247. 

Collins, R.E. (1992). Evacuated glazing. In: SPIE International Symposium on Optical 

Materials Technology for Energy Efficiency and Solar Energy Conversion XI, 

Toulouse, France, 18-22. 

Collins, R.E., Davis C.A., Dey C.J., Fischer-Cripps A.C., Robinson S.J., Simko T., 

Tang J.-Z., Turner G.M. and Zhou X. (1992a). Measurement of thermal 

conductance of evacuated glazing. In: Jesch, L.F., Ed. TI5 Proceedings of the 

Fifth International meeting on Transparent Insulation Technology, 121-124. 

Collins, R.E., Davis C.A., Dey C.J., Robinson S.J., Tang J.-Z. and Turner G.M. 

(1993a). Measurement of local heat flow in evacuated glazing. International 

Journal of Heat and Mass Transfer 36, 2553-2563. 

Collins, R.E., Dey C.J., Fischer-Cripps A.C., Turner G.M., Tang J.-Z., Simko T. and 

Clugston D.A. (1993b). Production and properties of evacuated glazing. In: 

ISES Solar World Congress, Budapest, Hungary, International Solar Energy 

Society 

Collins, R.E., Dey C.J., Fischer-Cripps A.C., Turner G.M., Tang J.-Z., Simko T. and 

Clugston D.A. (1993c). State-of-the-art of evacuated glazing. In: Biennial 

Meeting of the International Solar Energy Society, Budapest, Hungary, 

International Solar Energy Society 
Collins, R.E. and Fischer-Cripps A.C. (1991). Design of pillar arrays in flat evacuated 

windows. Australian Journal of Physics 44, 545-564. 

Collins, R.E., Fischer-Cripps A.C. and Tang J.-Z. (1991a). Recent developments in the 

science and technology of evacuated glazing. In: ISES Solar World Congress, 

Denver, USA, International Solar Energy Society 

Collins, R.E., Fischer-Cripps A.C. and Tang J.-Z. (1992b). Transparent evacuated 

insulation. Solar Energy 49, 333-350. 

Collins, R.E., Poladian L., Pailthorpe B.A. and McPhedran R.C. (1991b). Heat 

conduction through support pillars in evacuated windows. Australian Journal of 

Physics 44, 73-86. 

Collins, R.E. and Robinson S.J. (1991). Evacuated glazing. Solar Energy 47(1), 27-38. 

Collins, R.E. and Simko T.M. (1998). Current status of the science and technology of 

vacuum glazing. Solar Energy 62(3), 189-213. 

Collins, R.E., Turner G.M., Fischer-Cripps A.C., Tang J.-Z., Simko T.M., Dey C.J., 

Clugston D.A., Zhang Q.-C. and Garrison J.D. (1995). Vacuum glazing - a new 

component for insulating windows. Building and Environment 30(1), 459-492. 



 6 

Crawford, R.H., Treloar G.J. and Bazilian M. (2002). A net energy analysis of 

cogeneration with building integrated photovoltaic systems (BiPVs). In: 

Australasian Universities Power Engineering Conference (AUPEC), 

Melbourne, Australia 

Fischer-Cripps, A.C. and Collins R.E. (1992). Stresses and fracture probability in 

evacuated glazing. In: Jesch, L.F., Ed. TI5 Proceedings of the Fifth 

International meeting on Transparent Insulation Technology, 53-56. 

Fischer-Cripps, A.C. and Collins R.E. (1995). Architectural glazings: design standards 

and failure modes. Building and Environment 30(1), 29-40. 
Fischer-Cripps, A.C., Collins R.E., Turner G.M. and Bezzel E. (1995). Stresses and 

fracture probability in evacuated glazing. Building and Environment 30(1), 41-

59. 

Frantz, C.C. and Bulent Cambel A. (1981). Net energy analysis of space power 

satellites. Energy 6, 485-501. 

Garrison, J.D. and Collins R.E. (1995). Manufacture and cost of vacuum glazing. Solar 

Energy 55(3), 151-161. 

Gilliland, M.W., Klopatek J.M. and Hildebrand S.G. (1981). Net energy: results for 

small-scale hydroelectric power and summary of existing analyses. Energy 

8(10), 1029-1040. 

Guinée, J.B., Gorree M., Heijungs R., Huppes G., Kleijn R., van Oers L., Wegener 

Sleeswijk A., Suh S., Udo de Haes H.A., de Bruijn J.A., van Duin R. and 

Huijbregts M.A.J. (2001). Life cycle assessment: An operational guide to the 

ISO standards. Kluwer Publishers Amsterdam, Netherlands. 

Haack, B.N. (1981). Net energy analysis of small wind energy conversion systems. 

Applied Energy 9, 193-200. 

Heijungs, R., Goedkoop M.J., Struijs J., Effting S., Sevenster M. and Huppes G. 

(2003). Towards a life cycle impact assessment method which comprises 

category indicators at the midpoint and the endpoint level. Internet site 

http://www.pre.nl/download/Recipe%20phase1%20final.pdf, PRé Consultants, 

Amersfoort, Netherlands. 

Heijungs, R. and Suh S. (2002). The computational structure of life cycle assessment. 

Kluwer Academic Publishers Dordrecht, Netherlands. 

Herendeen, R.A. (1988). Net energy considerations. In: West, R.E. and Kreith, F., Eds. 

Economic Analysis of Solar Thermal Energy Systems. The MIT Press, 
Cambridge, MA, USA, 255-273. 

Huettner, D.A. (1976). Net energy analysis: an economic assessment. Science 

192(4235), 101-104. 

Icerman, L. (1976). Net energy analysis for liquid-dominated and vapor-dominated 

hydrothermal energy-resource developments. Energy 1, 347-365. 

International Atomic Energy Agency (1994). Net energy analysis of different electricity 

generation systems. IAEA-TECDOC- 753, IAEA, Vienna, Austria. 

International Organisation for Standardisation (1998a). Environmental management - 

Life cycle assessment - goal and scope definition and inventory analysis. 

International Standard 14041, International Organisation for Standardisation 

(ISO), Geneva, Switzerland. 

International Organisation for Standardisation (1998b). Environmental management - 

Life cycle assessment - Principles and framework. International Standard 14040, 

International Organisation for Standardisation (ISO), Geneva, Switzerland. 



 7 

International Organisation for Standardisation (2000). Environmental management - 

Life cycle assessment - Examples of application of ISO 14041 to goal and scope 

definition and inventory analysis. International Standard ISO/TR 14049, 

International Organisation for Standardisation (ISO), Geneva, Switzerland. 

Leach, G. (1975). Net energy analysis - is it any use? Energy Policy 3(4), 332-344. 

Lenzen, M. (2001). Errors in conventional and input-output-based life-cycle 

inventories. Journal of Industrial Ecology 4(4), 127-148. 

Lenzen, M. and Collins R.E. (1997). Long-term field tests of vacuum glazing. Solar 

Energy 61(1), 11-15. 
Lenzen, M. and Treloar G. (2003). Differential convergence of life-cycle inventories 

towards upstream production layers. Journal of Industrial Ecology 6(3-4), 137-

160. 

Lenzen, M., Turner G.M. and Collins R.E. (1999). Thermal outgassing of vacuum 

glazing. Journal of Vacuum Science and Technology A 17(3), 1002-1017. 

Lund, P.D. and Kangas M.T. (1983). Net energy analysis of district solar heating with 

seasonal heat storage. Energy 8(10), 813-819. 

Marland, G. (1977). Net energy analysis of in situ oil shale processing. Research 

Memorandum ORAU/IEA(M)-77-3, Institute for Energy Analysis, Oak Ridge 

Associated Universities, Oak Ridge, TN, USA. 

Ng, N. (2000). Production and measurement of stable vacuum glazing. Ph.D. Thesis, 

The University of Sydney, Sydney, Australia. 

Ng, N. and Collins R.E. (2000). Evacuation and outgassing of vacuum glazing. Journal 

of Vacuum Science and Technology A 18(5), 2549-2562. 

Ng, N., Collins R.E. and Lenzen M. (2003). Bakeable, all-metal demountable vacuum 

seal to a flat glass surface. Journal of Vacuum Science and Technology A 20(4), 

1384-1389. 

Perry, A.M., Devine W.D., Cameron A.E., Marland G., Plaza H., Reister D.B., Treat 

N.L. and Whittle C.E. (1977a). Net energy analysis of five energy systems. 

Report No. ORAU/IEA(R)-77-12, Institute for Energy Analysis, Oak Ridge 

Associated Universities, Oak Ridge, TN, USA. 

Perry, A.M., Devine W.D. and Reister D.B. (1977b). The energy cost of energy - 

guidelines for net energy analysis of energy supply systems. Report No. 

ORAU/IEA(R)-77-14, Institute for Energy Analysis, Oak Ridge Associated 

Universities, Oak Ridge, TN, USA. 
Perry, A.M., Marland G. and Zelby L.W. (1977c). Net energy analysis of an ocean 

thermal energy conversion (OTEC) system. Research Memorandum 

ORAU/IEA(M)-77-1, Institute for Energy Analysis, Oak Ridge Associated 

Universities, Oak Ridge, TN, USA. 

Pilati, D.A. (1976). Energy analysis of electricity supply and energy conservation 

options. Energy 2, 1-7. 

Robinson, S.J. and Collins R.E. (1989). Evacuated windows - theory and practice. In: 

ISES Solar World Congress, Kobe, Japan, International Solar Energy Society 

Rotty, R.M., Perry A.M. and Reister D.B. (1975). Net energy from nuclear power. IEA 

Report IEA-75-3, Institute for Energy Analysis, Oak Ridge Associated 

Universities, Oak Ridge, TN, USA. 

Suh, S., Lenzen M., Treloar G.J., Hondo H., Horvath A., Huppes G., Jolliet O., Klann 

U., Krewitt W., Moriguchi Y., Munksgaard J. and Norris G. (2004). System 

boundary selection in Life-Cycle Inventories. Environmental Science & 

Technology 38(3), 657-664. 



 8 

Treat, N.L. (1977). Net energy from municipal solid waste. Research Memorandum 

ORAU/IEA(M)-77-5, Institute for Energy Analysis, Oak Ridge Associated 

Universities, Oak Ridge, TN, USA. 

Treloar, G. (2000a). Life cycle assessment of construction. In: 2
nd
 National Conference 

on Life Cycle Assessment, Melbourne, Australia, Royal Melbourne Institute of 

Technology 

Treloar, G. (2000b). Streamlined life cycle assessment of domestic structural wall 

members. Journal of Construction Research 1, 69-76. 

Treloar, G., Love P.E.D., Iyer-Raninga U. and Faniran O.O. (2000a). A hybrid life 
cycle assessment method for construction. Construction, Management and 

Economics 18, 5-9. 

Treloar, G.J., Fay R., Love P.E.D. and Iyer-Raninga U. (2000b). Analysing the life 

cycle energy of a residential building and its householders. Building Research 

and Information 28(5), 184-195. 

Turner, G.M. and Collins R.E. (1996). Measurement of heat flow through vacuum 

glazing at high temperature. International Journal of Heat and Mass Transfer, 

in press. 

Turner, G.M., Collins R.E., Facer G.R. and Sheumack M.A. (1994a). Outgassing 

effects in vacuum glazing. In: SPIE International Symposium on Optical 

Materials Technology for Energy Efficiency and Solar Energy Conversion XIII, 

Freiburg, Germany 

Turner, G.M., Collins R.E., Fischer-Cripps A.C. and Tang J.-Z. (1994b). Limits to 

performance of evacuated glazing. In: SPIE International Symposium on 

Optical Materials Technology for Energy Efficiency and Solar Energy 

Conversion XIII, Freiburg, Germany 

 


