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Introduction

Usually in many urban areas, pavements and roofs constitute 
over 60% of urban surfaces (roof 20-25%, pavements about 40%). 
The albedo of roof and the pavement can be increased by about 
0.25 and 0.10, respectively, resulting in a net albedo increase for 
urban areas of about 0.1.Many studies have demonstrated building 
cooling-energy savings in excess of 20% by raising roof reflectivity 
from 10-20% to about 60%. Increasing albedo of urban surfaces 
can reduce the summer time urban temperature and improve 
the urban air quality. Increasing the urban albedo has the added 
benefit of reflecting more of the incoming global solar radiation 
and countering the effect of global warming [2]. As per simple 
global model, the change in air temperature in lowest 1.8km of the 
atmosphere is estimated at 0.01K. Modelers predict a warming of 
about 3K in the next 60 years (0.05K/year). Change of 0.1 in urban 
albedo will result in 0.01K global cooling, a delay of ~0.2 years in 
global warming. This 0.2 years delay in global warming is equivalent 
to 10Gt reductions in Co2 emissions [3].

It has been studied and demonstrated scientifically that 
increased urban albedo leads to reduction in use of cooling energy 
along with cooling urban areas and improving urban air quality. 
Akbari & Konopacki [1] have reviewed the solar reflectance of typical 
roofing materials used on residential and commercial buildings in 
many U.S. regions. A solar-reflective roof is typically light in color 
and absorbs less sunlight than a conventional dark-colored roof 
[4]. Less absorbed sun light means a lower surface temperature,  

 
directly reducing heat gain from the roof and air-conditioning 
demand. Cool-colored fiber glass asphalt shingles with a solar 
reflectance of 0.25. Some reflective tiles and metal roofing products 
with greater than 50% reflectivity are also available. Conversely, 
highly reflective materials for the low-slope commercial sector are 
on the market [5]. White acrylic, elastomeric and cementatious 
coatings, as well as white thermoplastic membranes, can now be 
applied to built-up roofs to achieve an aged solar-reflectance of 
0.6. The albedo of typical standard roofing materials ranges from 
0.10-0.25; one can conservatively assume that the average albedo 
of existing roofs does not exceed 0.20. The albedo of these surfaces 
can be increased to about 0.55 to 0.60.

Building Energy Demand

Surface albedo changes due to urbanization have resulted 
into higher air temperature in the urban areas than their rural 
surroundings which commonly known as the “urban heat island 
effect”. Elevated temperature in the summertime results in an 
increase in cooling demand for buildings and excess GHG emissions 
from producing the energy required to fulfill the needs. Akbari et al. 
[6] reported that for the major metropolitan areas in the U.S, peak 
electricity load would increase by 1.5-2% for every 1 °F increase 
in ambient temperature [6]. There has been growing concern in 
mitigating the UHI effect by using suitable reflective materials for 
roofs and pavements. Reflective materials can reduce cooling loads 
of buildings in summer whereas increase heating loads in winter 
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Abstract

Surface albedo is defined as the ratio of irradiance reflected to the irradiance received by a surface wherein the proportion reflected is not only 
determined by properties of the surface itself, but also by the spectral and angular distribution of solar radiation reaching the Earth’s surface. Albedo 
is an important concept in climatology, astronomy, and environmental management including urban planning. Any albedo in visible light falls within a 
range of about 0.9 for fresh snow to about 0.04 for charcoal, one of the darkest substances [1]. One of the land surface properties that has been changed 
due to urbanization is albedo which is ranging from 0 (complete absorption) to 1 (complete reflection). Roofs and pavements, which constitute about 
20-25% and 29-44% respectively of typical urban surfaces, generally have lower albedos than their surrounding areas. An effort has been made by the 
authors in the present paper to discuss the effect of albedo in urban planning with emphasis on building roofs.
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[7]. The latter is known as the “heating penalty” of high albedo. The 
relative magnitudes of cooling saving and heating penalties depend 
on a combination of multiple factors, including location, climate 
conditions, building types, the source of energy used for heating 
and cooling, etc. Akbari et al. [6] found the largest net savings in 
the hottest and sunniest cities and that the savings decreased as 
the climate got cooler, the resultant net savings were positive even 
in colder climates for most building types. Levinson & Akbari [6] 
predicted that reflective roofs always reduced the annual cooling 
load more than it increased the annual heating load 

The impact of reflective pavements on building energy 
consumption is more complicated as it is affected by the interaction 
between pavements and buildings, as well as the energy exchanges 
in surface-atmosphere interactions. Yaghoobian et al. (2010) found 
a cooling load saving of 17% in buildings due to a reduction in 
shortwave radiation transfer from the ground to nearby buildings 
by using low-albedo ground surfaces, rather than reflective 
pavements [8]. In a later study, they found that increasing pavement 
albedo from 0.1 to 0.5 near a four-story office building in Phoenix 
would increase annual cooling loads up to 11% (33.1kWh/m2), 
while annual heating load was not sensitive to such a modification 
[9]. These results indicate the potential of increasing cooling loads 
in adjacent buildings by absorbing more radiation from reflective 
pavements.

Conclusion

Albedo is an important parameter in the overall design of urban 
planning [10]. Significant research needs to be taken up for different 
locations under different climatic conditions for different cities in 
regard to saving of energy vis-à-vis increasing albedo [11]. More 
and effective roof and pavement surfaces need to be researched 
and manufactures for enhancing the magnitude of albedo. However, 

in Indian conditions higher albedo would result in net saving of 
energy.
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