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ABSTRACT: This work shows the results of hygrothermal, lighting and energy performance registered in two 

apartments of high-rise buildings located in the city of La Plata, Argentina. The buildings are designed and built in a 

traditional way. The purpose of the research is to evaluate their behaviour, under conditions of regular uses, in order 

to obtain a diagnostic. Records of temperature, relative humidity and illuminance are taken during 10 day periods of 

July and December 2008 using HOBO U12 data loggers, along with daily data collection of energy consumptions. 

Simultaneously, thermal transmittance of envelope elements and global thermal coefficients of heating and cooling 

are calculated, and compared to the acceptable values stipulated by Argentinean IRAM Standards. Measured energy 

consumption ratios per unit surface are analyzed; annual values per unit area are contrasted with international EU 

indexes. Results show a strong incidence of user’s habits in the aspects approached, and it also reveal that both 

apartments reach the minimum range of energy efficiency (150kWh/m2). Referring to architectural-constructive 

features, the apartment with lower thermal transmittance and minor form factor, presents more stable indoor 

temperatures. Heat/cool air conditioner systems (Split type) has less energy consumption than fans and stoves but 

produce greater CO2 emissions. 

Keywords: hygrothermal, lighting, energy behaviour, residential buildings. 

 

 

INTRODUCTION 

The building sector in Argentina uses 37% of all primary 

energy, for thermal conditioning and lighting. The 53% 

of this demand is for residential buildings [1]. This sector 

represents 21% of national energy consumption with a 

similar rate of CO2 emissions, occupying the third place 

in the largest energy consumers and polluters, after 

industry and transport [2]. 

 

To promote energy savings in buildings throughout 

its lifetime, it is necessary to study and consider 

construction characteristics of building shell and the 

equipment to be incorporated. From the thermal point of 

view, the energy demand in buildings is conditioned for 

the weather (geographic location), the building shell 

materials (heat transfer coefficients, inertia and 

permeability), the equipment (electrical, gas or other 

fuel), the occupational and functional characteristics of 

the building (user habits), and the time interval 

considered [3]. 

 

Based on the above outlined concepts, the analysis in 

this paper is aimed to assess the energy performance of 

residential units, in conditions of regular uses. The main 

objective is to deepen the knowledge of the hygrothermal 

and lighting behaviour of two apartments located in 

traditionally constructed multifamily height buildings, 

associated with comfort levels and with the energy 

consumption required to achieve it.  

 

The relation between building’s audits with 

constructive parameters and energy consumption, enable 

to develop diagnostics and deduction of priorities to be 

considered for future improvements based on bioclimatic 

and energy-savings criteria. This is a procedure that has 

been addressed by research groups [4, 5], with different 

approaches and degrees of complexity, but maintaining 

its effectiveness and contribution to the implementation 

of energy efficiency strategies. 

 

 

METHODOLOGY 
The work was divided into four phases which allow the 

theoretical and empirical analysis of hygrothermal, 

lighting and energy performance of two case studies.  

 

Phase 1 (case studies): the survey of departments, 

buildings and their location was carried out, using direct 

observation techniques. The aim is to collect information 

which regards to the architectural, construction, and 

housing aspects, to further analysis of their energy 

performance from the thermal standpoint. 
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ANNUAL WINTER SUMMER

July December

Average Temperature ºC 17,8 10,7 25,1

Average Temperature (Maxim.) ºC 22,5 15,4 29,9

Average Temperature (Minim.) ºC 10,7 4,5 17,8

Relative Humidity % 67,9 73,6 59,3

Thermal Amplitude ºC 11,5 10,9 12,1

Average Radiation on 

Horizontal Surface
kWh/m

2 4,1 2,0 6,5

Average Speed Wind km/h 13,4 10,7 15,6

VALUE

WEATHER PARAMETERS UNIT

 

Phase 2 (thermal-energy features): evaluate in a 

theoretical way, the characteristics of the envelopes of 

two apartments. The KG-MOD [6] method is used to 

calculate, in stationary regime and simultaneously for 

each case, the thermal transmittance of the envelope (K), 

the volumetric heating coefficient (Gcal), the annual 

thermal heating load (Qcal), the volumetric refrigeration 

coefficient (GR), the annual cooling load (QR), and the 

respective rates per unit area, further comprising the 

estimation of the corresponding Form Factor (FF). The 

results obtained are compared with allowable values for 

coefficients and maximum values for thermal 

transmittance of opaque enclosures recommended by 

Argentinean Standards IRAM 11601, 11604, 11605 [7] 

and 11659 [8]. 

 

Phase 3 (hygrothermal, lighting & energy 

monitoring):  comprises the monitoring of the apartments 

in order to know their empirical behavior. Hygrothermal 

and lighting measurements were carried out during ten 

days periods in winter and summer, simultaneously with 

the manual recording of gas and electricity meters, to 

determine the amount of energy demanded by users to 

reach comfort situations. 

 

The developed procedure in [9] was followed. Data-

loggers (HOBOs type U12) were used for monitoring 

different rooms. Records of temperature (°C), relative 

humidity (%) and illuminance (lux) were made every 30 

minutes during 10 days of winter (June 30th to July 09th) 

and summer (Dec. 17th to 26th), in conditions of regular 

occupation. In July´s monitoring, outdoor data 

temperature and humidity were recorded with a HOBO, 

while the radiation values were calculated with the 

software RADIAC2 [10] from the consideration of the 

sky conditions: clear, cloudy, etc. December´s external 

parameters (temperature, humidity and radiation) were 

registered with a weather station (DAVIS) [11]. The data 

processing and comparative analysis of hygrothermal and 

lighting measurements of each case, was performed by 

using the program PROMEDI-HTL-V3 [12]. 

 

Phase 4 (evaluation of consumption): The evaluation 

of the energy performance is developed according to the 

method implemented at [9]. The procedure compares the 

calculated annual values, with the indexes of 

international reference standards (European Union). 

These indicate optimal energy consumption from the 

sustainable viewpoint, categorized into three levels.  

 

The applied method allows a rough estimate of the 

apartment´s energy performance, providing an idea about 

improved operation and habits that could be practiced by 

the users in order to reduce consumption. Also, the 

associated annual CO2 emissions are estimated using the 

corresponding coefficients for gas and electricity [13]. 

 

CASE STUDIES 

For selecting the two residential units, it was adopted a 

criteria on weather and socio-technical factors involving 

building's energy to allow comparable results between 

the parameters studied in both cases [14, 15].  

 

Weather factor: it responds to the characteristics of 

the city of La Plata, located in the Eastern of Argentina, 

at 34º55'S, 57º57'W and 15masl (meters above sea 

levels) within Bioenvironmental Zone IIIa (Warm 

Temperate), as classified by IRAM 11603 (Table 1), with 

a humid climate, temperature ranges below 14ºC and a 

Degree-Day of 992°C-day (18°C base). 

 
Table 1: Values of main weather parameters. 

 

 

 

 

 

 

 

 

 

 

 

The socio-technical factor was subdivided into two:  

Social factor: users should had similar characteristics 

in terms of age (25 to 30 years), activities (postgraduate 

students), number of people (1 or 2), and level of 

environmental consciousness, which was very low, with 

no conduct aimed at energy saving.  

Architectural factor: the type of building should be 

multifamily in height (8 to 9 flats) and minor than 15 

years aged. The building should be located within the 

city center, and the studied units in the middle level of 

them (second or third floor). These should have similar 

available floor area (~ 50 m
2
), also amount and function 

of rooms (2 main spaces: bedroom and living-dining 

room).  

 

The plants of each case, with the location of the 

sensors are showed in Figures 1 and 2. Heater/cooler 

equipment that affects the energy consumption for space 

heating and refrigeration, it is also indicated. 

 

 

THERMAL-ENERGY FEATURES 

Table 2 shows the comparison of the K coefficients and 

its difference (Kdif) regarding admissible winter and 

summer K coefficients recommended by the standard to 

this region, for a mid-level of construction quality (B). In 

both case studies, admissible K is exceeded. The closest 

value to the ones established by the standard is the 

double brick outside wall (DBO-W) of Case 2, while 
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ARCH. PARAMETER UNIT CASE 1 CASE 2

Total stories of the 

building U 8 9

Apartment location 

into the building Nº 2º floor 2º floor

Orientation  -- SE- NW NW

Cross Ventilation Y/N YES YES

Total Area: m
2

48 51

Interior Area: m
2

39 44

Form Factor  mˉ¹ 1,57 1,16

Relative Area 

Windows
% 8,3 10

Relative volume 

thermal mass
% 0,30 0,18

Interior volume m
3

92,5 119

Gcal W/m3 ºC 1,08 0,67

Qcal MWh 3,47 2,79

Gr W/m
3

21,4 13,1

Qr W 1984 1562

EQUIPMENT

Cooling Nat. Vent.

Heating Heater (2)

HC-AC System

HC-AC System

ENVELOPE 

ELEMENTS
K 

& MATERIALS [W/m2°C] [W/m2°C] [%] [W/m2°C] [%]

Wall: Hollow Brick         

-Outside-
HBO-W 2,09 -0,84 -67 -1,09 -109

Wall: Hollow Brick               

-Indoor-
HBI-W 1,76 -0,51 -41 -0,76 -76

Roof: Concrete & Tile CT-R 2,45 -1,63 -339 -1,62 -196

Floor: Concrete & Tile CT-F 1,66 -1,66 -345 -0,83 -100

Door: Wood W-D 2,29 -1,04 -83 -1,29 -129

Window: Double Glass DG 5,59 -4,34 -347 -4,59 -459

Frame: Aluminum A-F 5,88 -4,63 -371 -4,88 -488

Wall: Double Brick                

-Outside-
DBO-W 1,68 -0,43 -35 -0,68 -68

Wall: Hollow Brick               

-Indoor-
HBI-W 1,76 -0,51 -41 -0,76 -76

Roof: Concrete & Tile CT-R 2,45 -1,63 -339 -1,62 -196

Floor: Concrete & Tile CT-F 1,66 -1,66 -345 -0,83 -100

Door: Wood W-D 2,29 -1,04 -83 -1,29 -129

Window: Glass -

Outside Curtain 
GOC 4,02 -2,77 -221 -3,02 -302

Frame: Aluminum A-F 5,88 -4,63 -371 -4,88 -488

C

a

s

e

 

1

C

a

s

e

 

2

K-Diff                      

Summer

K-Diff                     

WinterCODE

windows of Case 1 have the highest negative value, since 

they have not external protection curtains. 

  
 

 

 

 

 

 

 

 

 

 
Figure 1: Case 1- Floor Plant, indicating dimensions, 

materials codes, equipment and type of energy use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Case 2- Floor Plant, indicating dimensions, 

materials codes, equipment and type of energy use. 

 

Table 2: Comparison of K coefficients and its K difference 

(Kdif) regard admissible values for winter and summer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 describes the architectural parameters, the 

heating and air conditioning (AC) equipment, and the 

calculated values of Gcal, Qcal, GR, and QR; while 

Figures 3 and 4 show them in a graphic way.  

They display that the maximum admissible values 

recommended by IRAM 11604 and 11659-2 are not 

exceeded in any case. For the cooling rates, internal gains 

by equipment or people, or by solar radiation, were not 

considered, since them are not regarded either, in the 

standard IRAM 11604. Case 2 presents lower values of 

Gcal (0.67W/m
3 

ºC) than Case 1 (1.08W/m
3
 °C), 

denoting lower heat losses. This is consequence of the 

fact that Case 1 has a larger form factor (FF1= Envelope 

Area / Volume), and a larger shell area in direct contact 

with the outside. At the same time, Qcal (3.47 MWh) in 

Case 1, shows that more amount of energy is required to 

achieve indoor comfort set at 20°C in winter (Figure 3). 

Also in summer, Case 1 has a higher annual cooling load 

(1984W) than Case 2 (1562W), and a greater volumetric 

refrigeration coefficient (Gr 21.4 W/m
3
), although its 

relative area of windows is lower (Figure 4). 
 

Table 3: Description of architectural parameters, heating and 

AC equipment, thermal loads and coefficients calculated. 
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Figure 3: Comparison of annual heating load (Qcal), 

volumetric heating coefficient (Gcal), maximum admissible 

values and Form Factors (FF1-FF2). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 4: Comparison of volumetric heating coefficient (Gr), 

maximum admissible values, relative volume of thermal mass 

and relative size of windows. 

 

 

HYGROTHERMAL, LIGHTING & ENERGY 

MONITORING 

Together with the analysis of K, G and Q coefficients in 

stationary regime, it took place the hygrothermal and 

lighting monitoring of the apartments, in order to know 

the actual values and their approach to comfort levels in 

winter and summer. Figures 5 and 6, shows the 

measurements of temperature and relative humidity in 

dispersion plots for winter and summer respectively. The 

identification code of each room monitored is made up 

by function name and Case number to which it belongs. 

The comfort zone is represented as a reference adapting 

the annual values fixed by Givoni Chart to seasonal ones, 

based on user´s expressions, that is: in winter 18°C to 

24°C, and in summer 20°C to 26°C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Hygrothermal dispersion measurements in winter.  

 

Timely variation of illuminance in winter (Fig.7) and 

summer (Fig.8) is shown. The visual comfort zone is 

bounded between 25 lux and 150 lux for each monitored 

environment. The minimum values given in the IRAM-J 

20-30 AADL [16] are considered: for general lighting 

levels in bedrooms 25 lux, and 50 lux in living-dining 

rooms; for specific levels of work-plan the minimum 

values are 100 to 150 lux [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Hygrothermal dispersion measurements in summer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: Timely variation of illuminance in winter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8: Timely variation of illuminance in summer. 

 

Simultaneously with the monitoring, data of gas (m³) 

and electricity consumption (kWh) were directly 

collected from the apartment’s recorders (Table 4). In 

order to homogenize energy units of data, gas 

consumption is converted to electric units (kWh), using a 

conversion factor of 8.33 kWh / m³ that arises from a gas 
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PERIOD ELECTR. GAS GAS TOTAL

N° DAYS kWh m3 kWh kWh

JULY 8 41,0 11,2 93,1 134,1

DECEMBER 10 55,0 3,7 30,9 85,9

ANNUAL 365 1917,0 183,1 1525,3 3442,3

5,3 0,5 4,2 9,4

JULY 9 13,8 18,8 156,2 170,0

DECEMBER 9 20,0 8,0 66,3 86,3

ANNUAL 365 466,3 510,2 4249,9 4716,2

1,3 1,4 11,6 12,9

DAILY AVERAGE

DAILY AVERAGE

C
A

S
E

 2
C

A
S

E
 1

CONSUMPTION

Annual Consumption/

Indoor Area

kWh/m2 150 kWh/m2 50 kWh/m2 25 kWh/m2

1 72 -78 22 47

2 92 -58 42 67

CASE
SLEBLEBMB

density of 0.77 kg / m³, a heating power of 9300 kcal / kg 

and a unit’s conversion factor equals 1 kWh to 859.326 

kcal / kWh [18]. 
Table 4: Gas, electricity and total consumption. 
 

 

 

 

 

 

 

 

 
 

 

 

 

EVALUATION OF CONSUMPTION 

From the comparison of hygrothermal measurements 

with the amount of energy demanded by users to reach 

comfort situations in both apartments, values were 

extrapolated to evaluate the corresponding annual energy 

performance. Annual consumption was known by 

reviewing bills of electrical energy and natural gas.  

 

As an indicator, it was used the total consumption 

rate per unit area (Table 5). The relative valuation was 

obtained by contrasting their subtraction respect three 

international indexes, which represent a criterion for 

energy rating. They are: Modern building (MB) to 

150kWh / m², low-energy building (LEB) to 50kWh / m² 

and very low energy buildings (SLEB) to 25 kWh / m² 

[9]. Positive values indicate excess of consumption, 

while negatives show an improved situation in regard to 

the reference coefficients. 
 

Table 5: Contrasting with three international (EU) indexes.  
 

 

 

 

 

 

 

RESULTS DISCUSION 

In winter: Case 2 remained comfortable during the 

whole period (Figure 5); while the living-dining room in 

Case 1 (LDR-C1) did not reach the necessary 

temperature at certain times of the day. The lack of 

comfort in Case 1 showed the user's influence on the 

indoor climate control by heat default, since had a higher 

FF and Gcal than Case 2, but a lower consumption per 

unit area. However, the apartment remained outside the 

comfort zone while unoccupied, not affecting negatively 

to its users and resulting in energy savings. Case 2 

presented less temperature variation, in both winter and 

summer, but required higher energy demand for it.  

 

In lighting behaviour, it is possible to recognize the 

user´s habits in the recorded data. During the period 

measured in July, Case 1 remained with open curtains 

within the day allowing the access of solar radiation. As 

a result, in the bedroom-C1 (BR-C1) maximum 

recommended illuminance was exceeded at some times, 

contributing positively to increase temperature in this 

space. The curve of Case 2 (Figure 7) along the same 

period stayed low during the day, indicating that curtains 

were closed. In this Case, if artificial light had been used, 

its intensity would have been out of the acceptable 

values. 
 

In summer: The two apartments were much of the 

days outside the comfort zone (Figure 6). However, in 

Case 1 the AC in the LDR-C1, was turned on each time 

the user arrived, causing significant temperature 

decreases in the environment, and positioning it in 

comfort area intermittently. Case 2 was cooled at night 

with natural ventilation only, not reaching to enter at the 

comfort zone, but showing lower consumption of 

electricity (Table 4). Its greatest relative area of windows 

(Figure 4) and the fact that they remained open for a few 

days with high irradiance (Figure 8), produced high 

temperatures at indoor spaces (Figure 6). 
 

General: Both cases showed moderate energy 

consumption to reach thermal and lighting comfort. Case 

1 presented a lower annual consumption than Case 2, 

despite having higher values of Form Factor (1.57 m
-1

), 

annual heating load (Qcal = 3.47 MWh) and annual 

cooling load (Qr = 1984 W). These figures denote that 

Case 1 had higher surface thermal exchanges and more 

energy requirements for winter and summer than Case 2. 

Since the apartments were inhabited during monitoring, 

it could be seen how preferences, activities and 

requirements of the users affect the results, and also, how 

the type of heating and cooling equipment influenced on 

the consumption rates in each Case.  

 

Results shows that inhabited apartments with one or 

two people has a lower total energy demand (electricity 

and gas) that those equipped with fans and heaters when 

has an heat/cool AC system (Split type), but this generate 

higher CO2 emissions, due to its source of consumption. 

In Table 4 can be seen that Case 1 use electricity at both 

stations to power AC, heating and lighting, while Case 2 

uses two different sources of energy to meet its demand. 

 

 

CONCLUSIONS 

The analysis allows diagnose that Case 1 is more energy 

efficient than Case 2, consuming less energy throughout 

the year (72kWh and 92kWh respectively), being 

significant the difference in winter, but resulting more 

polluting with annual generation levels of 1271.6 kg CO. 

The heat-cold AC (Split) contributed heavily to this 
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because it was only lit when the occupant was at home, 

mainly due to its quick response to temper the inside. 

Thus demonstrates the importance of a correct selection 

of the HVAC system, which should be not only lower 

energy demanding, but also environmentally cleaner. 

 

Moreover, it also follows that the users habits 

represent a high level of impact on consumption records, 

because in the Case 1 they were able to make up 

deficiencies in architectural design, which on the 

hypothetical case of being well solved, would have 

resulted in a even greater energy savings. Case 2 had a 

better performance in winter. Architectural factors that 

contributed to it, were the good construction quality of 

the walls with K coefficients that do not stray much from 

those suggested by the standard, the presence of external 

curtains on glass surfaces (used at night), and an 

orientation allowing abundant solar gain (northwest). 

However, the user had the custom of darkening the 

rooms in winter, causing unnecessary increases in energy 

demands. Such action is beyond the control of 

architectural and bioclimatic design, indicating that the 

operation of any building’s type depends heavily on 

human behavior. 

 

The index of consumption per unit area of both Cases 

responds to the range of minimum energy efficiency over 

the EU benchmark MB. Case 1 shows the greatest 

difference (78 kWh/m
2
) being the closest to level LEB. 

Such values are high considering that only 1 person lives 

in each apartment. 

 

The relative area of windows is high in both cases 

(particularly in Case 2), since they are apartments and 

these coefficients are calculated in relation to the exterior 

walls surfaces, for instances in room C2, they are 

reduced to only two sides of the perimeter. Besides the 

largest percentage of openings are oriented to the 

northwest, so at certain times of the monitoring, the 

illuminance levels in both cases exceeded those 

recommended by IRAM-AADL J 20-30, verifying 

periods of glare caused by the incidence of beam solar 

radiation on working planes. 

 

The selected buildings do not incorporate any energy 

efficiency measures, like most of existing buildings in 

Argentina, so the analysis allows reaching a diagnosis of 

hygrothermal and energy behavior of a regular typology 

of the country. The results can be used as a sustention for 

raising the necessary improvements, if national policies 

to promote the rational use of energy and environmental 

protection in the field of construction are implemented. 

Also, outcome found can contribute to complete the 

newly developed standards (IRAM 11900 [19] and 

11930) setting thresholds for national indexes by type 

and use. That would allow qualifying real estates of 

buildings within these aspects and having a rapid 

interpretation of their properties, leading consumes to 

make an energy efficiency decision when purchasing or 

renting a flat. 
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