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ABSTRACT: This paper is part of an ongoing research related with the study of energy performance of “class A” office 

buildings constructed in Santiago in the last decade. The work presented is the selection of cases to be studied, 

considering shape and façade parameters, and the characterization of the thermal behaviour registered in summer 

season. Summer is the most critical season in Santiago because of solar radiation, that is why is critical to have real data 

to evaluate the situation. The characterization presented show that there are no design criteria applied to ensure an 

adequate energy performance of “class A” buildings in Santiago. 
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INTRODUCTION 

In Chile, façade construction market has been developed 

since 90’s by international companies that generated an 

important process of technological transference.  The 

performance of chilean economy in the first decade of 

the 21th century allowed an important evolution of the 

office building typology as well, assuming the curtain 

wall as a standard façade solution.  

 

 The real-estate market has generated a classification 

considering construction quality, location and square 

meter price for office buildings.  This self-certification 

groups office buildings in two clusters: “Class A” and 

“Class B”.  The “Class A” contains the top buildings, so 

they represent the most important investments and 

innovation within the field of facade construction.  

 

 According to Köppen’s climatic classification, 

Santiago has warm temperate climate with dry summer, 

like California, Northern Africa and the Persian Gulf. 

This means a short period of winter rains and a long dry 

season. The thermal oscillation reaches to 13 ºC between 

the warmest month (January) and coldest (July) and 14-

16 °C between daily maximum and minimum. Moreover 

the levels of radiation in the horizontal plane are between 

1.380 and 1.666 kWh/m2 year, equivalent to the Chilean 

north desertic coastal zone. 

This paper explains the preliminary results of a work 

dedicated to made a review of how does the “class A” 

typology work in the sense of energy performance. 

 

 

METHODOLOGY 

This paper is part of a general research which main 

objective is to establish a baseline of post-occupancy 

energy consumption of “Class A” office buildings in 

Santiago.  

 

 The methodology considers the continuous 

monitoring of several floors in four “Class A” office 

buildings for one year. The study cases analyzed were 

determined by an extensive study of the buildings in the 

city which have been used for more than two years, 

establishing their main characteristics in order to focus 

on representative examples of the typology. 
 

 There are three types of data considered that allow an 

overall assessment of the performance of each one of the 

cases: Ambient parameters, energy consumption and 

comfort perception. The ambient parameters allow 

comparing the state of the exterior and interior space 

during occupied and unoccupied hours, in order to 

understand the conditions under which the building 

operates, while energy consumption readings and 

comfort surveys tell how much does this operation cost 

and how it is perceived, respectively. 

 

 This paper takes a particular aspect of the general 

research, explaining the process of case study selection 

and characterizing its thermal behavior in summer. That 

is because summer is the most important season 

regarding energy consumption due to the climatic 

characteristics of Santiago. 
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Fig.1: Location of the 43 cases analyzed in Santiago. 

 
 

CASE STUDY SELECTION 

43 “class A” buildings constructed in Santiago between 

1997 and 2010 were analyzed (Fig.1) looking for trends 

in office building construction and therefore be able to 

choose representative cases to conduct a post-occupancy 

evaluation (POE). This universe gave a 5.5% margin of 

error with 90% confidence for heterogeneity of 

80%, whereas the total universe of “class A” buildings 

constructed amounted to 60 approximately [1]. 

 

 The criteria for case study selection was to establish 

representative examples of the whole sample considering 

parameters that describe some shape aspects typically 

defined on the first steps of design [2,3,4,5] 

 

 Shape factor (SF): Ratio between the surface of the 

envelope (ES) and air volume inside the building.  It 

expresses the proportion of façade that interacts with the 

internal air volume (m2/m3). Based on this indicator the 

buildings were divided into three groups: buildings 

with low SF (High Compact/HC); buildings with 

medium SF (Balanced Compactness/BC); and Buildings 

with high SF, denominated Low Compact (LC). 

 

 Floor Plan Proportion (PP): Expresses the ratio 

between width (W) and length (L) of the building floor. 

When W/L tends to 1, the floor plan tends to be a square, 

and when it tends to zero, tends to be a rectangle. The 

study cases were divided in three groups: high proportion 

(HP), corresponding to elongated floor plans; average 

proportion (AP), corresponding to balanced floor plans; 

and low proportion (LP), or floors that tend to a square. 

Also, the analysis considered two parameters regarding 

the façade system of the buildings: 

 

 Façade Type (FT): Correspond to architectonic and 

constructive typology of facade solution. Was divided 

into four types: curtain wall (CW), a secondary structure 

added to the principal combining transparent surfaces ad 

light opaque surfaces; non-structural façade (NF), a 

solution that apply principles of light construction in 

façades; loadbearing façade (LF), correspond to 

structural walls in façade plane; mixed façade (MF) used 

for combinations of  mentioned types of facade. 

 

 Window to wall ratio (WW): expresses the glass 

proportion on façade, therefore represents the building 

potential for uptake of solar radiation. Santiago has high 

radiation standard, so there is a high risk of overheating, 

which presents a contradiction seeing the amount of 

buildings between 75% and 100% (Fig.2) 
 
 

 
 

Fig.2: Window-to-wall ratio distribution for the analyzed cases 

 

 

The above listed indexes generate a cluster that express 

the actual state of “Class A” building construction in 

Santiago.  Its characteristics are: buildings more compact 

(HC); average floor plan proportion (AP); curtain wall 

façade system (CW) and 75% to 100% window-to-wall 

ratio (Table 1).  A total of 11 cases, representing 26% of 

the buildings analyzed, belong to the cluster. 
 
 

 

 

Table 1: Percentage of cases for each parameter, and selected 

subgroups for the cluster. 

 

 

With a list of 11 cases the main problem was to obtain 

authorization for taking measures for a complete year. 

Two scenarios were evaluated: measure one building in 

detail or different floors of different buildings. Another 
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problem was to find cases that allow the use of just one 

weather station unit, because of budget limitations.  After 

a long process, the research is currently taking place on 

six floors of four buildings, all in the same area (Fig.3) 
 
 

 
 

Fig.3: Selected study cases: Several floors in four office 

buildings, considering the installation of a local weather 

station. 

 
 

Cases B, C and D, belong to the cluster. Case A was 

considered because belongs to the same company of case 

D, so the opportunity of measuring it was presented (it is 

out of the cluster because its window to wall ratio is from 

50% to 74%, but still presents high transparency in 

façades.) 

Fig.4: AVG daily floor temperatures for summer season. 

CHARACTERIZATION OF SUMMER THERMAL 

BEHAVIOR OF SELECTED STUDY CASES 

 

Fig.4 shows average daily floor temperatures of two of 

the cases for the entire summer period, including the 

average daily external temperature.  The cases shown 

represent the maximum (B_14) and minimum (C_06) 

reported internal temperatures in the measured period, so 

they establish the range for thermal conditions registered 

on the interior spaces. 

 

 The measured data show that the behaviour differs 

significantly between work days and weekends (up to 

5°C).  So, the necessity of provide temperatures within 

the comfort zone in the internal space is being supplied 

under intense use of the AC system.  The measured 

temperatures on work days are relatively constant 

(between 22.5 and 24.5°C) and don’t seem to respond to 

external temperatures due to an airtight façade solution. 

 

 The difference between the behaviour of a building 

running in a “free state” and under AC operation, 

becomes more evident by analyze it hourly on typical 

day basis.  Fig.5 to 6 show the performance of each case 

measured on a typical work day and weekend day, 

selected by statistical means from the data gathered at the 

local weather station.  Besides hourly average floor 

temperatures, it’s shown the average temperatures per 

orientation at some hours, which enables to see the 

temperatures dispersion within the floor in the morning, 

at afternoon and over night.  Finally, it is presented a 

floor plan of each building with an internal gains map 

considering illumination, equipment and occupation, to  
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understand certain issues related to the usage and 

management of each case. 
 

 When unoccupied, all cases present a similar daily 

curve, with morning temperatures that maintain the 

nocturnal values and then raising after noon up to 31°C 

in the worst case scenario (B_14, fig.5).  Instead, on 

work days, it is shown a drastic drop of temperatures 

between 6:00 and 8:00, due to the start of chiller 

operation to compensate higher overnight temperatures.  

After work hours (18:00 to 20:00 hrs), the internal 

temperature rises again, which illustrates the relevance of 

the AC units in provide thermal comfort inside the 

offices, with the high energy consumption that this 

operation implies. 

 

 Although the cases measured behave in a similar way 

in general terms (being part of the same cluster), relevant 

differences may be found by analyze them in detail. 

 

 B_14 presents the maximum average floor 

temperature on a typical non-work day, with a regular 

temperature distribution on the floor (there is equilibrium 

between the zones per orientation), both work and non-

work days, which is logical considering the dominion of 

open spaces within the floor (Fig.5). 

 
 

Fig.5: Internal gains distribution of B_14 

 

A similar behaviour could be seen on C_06 (Fig.6), with 

regular temperature distribution on work days, due to a 

highly controlled AC system and also a regular array of 

work stations within the floor.  On the other hand, 

temperature distribution on weekends is less regular, due 

to the presence of closed offices on the perimeter, so the 

influence of solar radiation occurs locally. Because of 

this, internal temperatures on weekend are higher at 

offices facing north and lower at zones facing south. 

 

It is within the expected that zones facing north present 

higher ambient temperatures than the rest, because of 

direct solar radiation, but it also applies to zones facing 

other orientations like east, as it could be seen in D_10 

(Fig.7) where there are no relevant obstructions from that 

side.  In this case, orientation proves to be important to 

define temperature distribution on the floor.  Work day 

conditions replicate weekend conditions on a smaller 

scale, so although the temperatures are within comfort 

range, the uneven temperature distribution could generate 

comfort problems between the different zones. 
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Fig.6: Internal gains distribution of C_06 

 

 

 

 
 
Fig.7: Internal gains distribution of D_10 

 
 

Finally, A_15 presents an even distribution on weekends 

(with relatively higher temperatures at zones facing north 

as expected), but on work days the trend changes, 

showing higher temperatures on the south area of the 

floor during both morning and afternoon (Fig.8).  This 

presents a contradiction with the expected behaviour and 

it could only be explained by looking the internal gains 

map: In this case the occupancy and array of the 

workstations play a major role on the temperature 

distribution of the floor, creating uneven internal 

conditions that will affect the perceived comfort between 

zones. 
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Fig.8: Internal gains distribution of A_15 

 

 

CONCLUSION 

The results presented show high dependence between 

orientation, floor plan distribution and façades systems to 

explain the thermal operational conditions of the 

analyzed buildings.  It should be noted that they 

have high transparent façades (virtually 100%), so 

greenhouse effect plays a major role in the detected 

behaviour.  The following are the particular conclusions 

that allow the characterization of summer behaviour 

temperature of analyzed cases: 
 

- Floor plan distribution directly determines the 

thermal behaviour, in concordance with solar 

radiation, but also because the presence of open 

or closed spaces produces different behaviours. 

Open spaces show more uniform temperature 

distribution and closed ones tend to determinate 

an uneven distribution; nonetheless open plans 

comprehend major internal gains than cell 

offices, due to density of occupation, so they 

could generate “heat islands” within the floor. 

Although those are obvious conclusions, none 

of the plants show logical criteria for work 

stations distribution, because they tend to 

privilege open spaces facing orientations with 

high solar gains, which means high internal 

gains and overheating because of the sun direct 

radiation. 

 

- Building orientation has at least two aspects to 

consider. First, non obstructed façades and 

façades oriented to high radiation will tend to 

overheat internal spaces.  Second, orientation is 

relevant in generating a uniform temperature 

distribution on the floor.  The thermal mass of 

the building provide heat at unoccupied hours, 

demanding excessively the HVAC system early 

in the morning to bring the temperature down to 

comfort zone, which means higher energy 

consumption.  The study cases do not 

considered these phenomenon because there are 

no strategies like nocturnal ventilation or 

shading devices on façade, to manage the heat 

generated by the own building. 

 

- The façade system concentrates much more 

aspects to considerer than the ones referred on 

the present paper.  All cases have an air-tight 

façade system, which leads to high dependence 

on AC systems to manage all the thermal 

aspects; there are no orientation strategies for 

the management of sun radiation; window-to-

wall ratio shows to be excessive for a city with 

the climatic characteristics of Santiago; and 

there is no sensibility with obstructions that 

exist on the urban context.  All cases have this 

problems related to façade systems. 

 

 Those are the main issues that characterize the 

thermal behaviour of “Class A” buildings constructed in 

Santiago. The general research from which this 

characterization belongs, works to determinate 

specifically the roles of architectonics aspects, like SF, 

PP, FT and WW, with the main objective of generate 

guidelines to solve this problems due to the lack of 

normative and professional organisms which could 

prevent some of the evident design problems of these 

kinds of buildings.   

 

 However, there is need for further detailed analysis in 

order to quantify and measure the relationships 

visualized in more precise ways, including energy 

consumption as another input to evaluate AC systems 

and to specifically compare the thermal performance of 

the buildings and not only describe their operational 

thermal conditions.  These issues along with others 

regarding comfort levels and energy consumption will be 

addressed as the research develops. 
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