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Glazing’s techno-economic performance: a comparison of window 

features in office buildings in different climates 
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Dept. of Architecture, Built Environment and Construction Engineering, Politecnico di Milano 

 

Abstract 

The use of glass in buildings has a considerable impact both on comfort levels and energy performances, since 

glazed components protect from external environmental conditions, provides daylighting, view and also 

ventilation if they are openable. Starting from the second half of the 19th century, the architectural design used 

to give an increasingly important role to the glass, particularly in non-residential buildings, almost in every 

kind of climatic conditions. In this context, the present work aims to assess the techno-economic performance 

of glazing with various thermophysical and optical properties and different glass/wall ratios, coupled with 

internal/external shading systems, considering the application on an office building in 3 different representative 

European climates. The obtained results demonstrate that there is a negative impact of solar gains on the yearly 

energy balance of modern office buildings, where thermally-insulated envelopes enhance overheating even in 

cold climates. Because of this, the most reasonable solution to decrease the yearly energy consumption is to 

limit the amount of glazing or to use external solar shading devices. It can be also stated that, under a global-

cost perspective, the best cost-effectiveness is achieved using a solar control glazing without any shading. If, 

however, the cost of discomfort due to glare is accounted, the use of solar shading devices emerges as the most 

convenient option in all analysed cases. 
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Nomenclature 

g: solar transmittance of the glazing or solar heat gain coefficient [-] 

U: thermal transmittance [W/m2K) 

Sw: window’s surface [m2] 

WWR: Window to Wall Ratio [%] 

v: visible transmittance of the glass [-] 

v/g-value: glass selectivity index [-] 

 reflection coefficient [-] 

emission coefficient [-] 

ACH: Air Changes per Hour [vol/h] 

CI: initial investment cost needed to purchase and install the window, the opaque wall and, if present, the 

shading system [€] 

Ca,i: annual running cost during each year i, which is the cost of the energy needed for heating, cooling and 

artificial lighting and the maintenance cost, if present [€] 

t: length of the calculation period [years] 

r: real interest rate [-] 

Vf,t: residual value of the components at the end of the calculation period [€] 

SPFHVAC: average seasonal performance factor of the HVAC system [-] 

DGI: Discomfort Glare Index [-] 

 

1. Introduction  

The buildings sector is responsible for about 33% of the World’s final energy consumption [1] (second only 

to the industry sector) and for the largest share at EU level - about 40% - with an equivalent impact on 

greenhouse gas emissions [2]. Of this, a significant fraction is attributable to commercial buildings, being their 

energy needs for heating, cooling and lighting much higher compared to those of residential buildings [3]. 

Indeed, the office buildings’ design is often more oriented to meet aesthetic requirements rather than functional 

ones, scarcely considering that the design process involves choices that have a great impact on energy 

consumption and on comfort. In particular, it is commonly believed that a great amount of glazing surfaces 

makes buildings more fashionable and comfortable. Whereas there is no doubt that glass envelopes are light 

and transparent architectural components, windows should be regarded as fundamental elements in the control 
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