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ABSTRACT 
Daylight is an important strategy for reducing energy 
consumption in buildings. In order to predict it, the 
use of weather-based simulation programs that 
employ the Daylight Coefficients concept is 
recommended. EnergyPlus, a program for thermal 
energy simulation, is one of these tools; however, it 
has shown a significant limitation regarding the 
daylighting module, since it tends to overestimate 
daylight in internal environments. In order to get 
around this limitation, the present work proposes a 
methodology to evaluate energy efficiency, 
considering the use of daylight, through an integrated 
simulation using two distinct programs. This 
methodology entails evaluating energy and light 
performance through simulation using the Daysim 
and EnergyPlus programs. Daysim generates a report 
that describes the control of the artificial lighting 
integrated to daylight, which is used by EnergyPlus 
for calculating the final energy consumption in the 
analyzed environments. The results indicate that the 
proposed methodology is capable of compensating 
the limitations of EnergyPlus and, in this way, allow 
to evaluate energy efficiency in buildings, 
considering the admission of daylight. This work 
shows an alternative and reliable way for considering 
daylight when evaluating energy efficiency in 
buildings. 

INTRODUCTION 
Artificial lighting in indoor environments, along with 
artificial conditioning systems, is responsible for a 
large amount of energy consumption in 
contemporary office buildings. This situation can be 
reversed when the buildings are equipped with 
devices associated with more effective design 
strategies that prioritize the use of daylight and 
ventilation. The use of daylight in these buildings, 
besides ensuring adequate lighting levels for human 
activities, reduces the need for the use of artificial 
light. Also, when in conjunction with an efficient 
control of artificial lighting and the existence of 
openings and equipment, it influences the 
environmental thermal gain and the total energy 
consumption. It is important to point out that daylight 
is widely available during the day, which is the 
period when non-residential buildings are used.  

Since daylight is extremely variable, it is necessary to 
deepen the concept of dynamic measures in order to 
evaluate daylight in indoors environments. By using 
these measures it is possible to describe in detail the 
behavior that results from the interaction between a 
building and the local climate.  An annual data base 
is used, providing a design that is closer to the local 
reality [Reinhart et al., 2006]. In order to achieve this 
goal, there are daylight simulation tools that facilitate 
models simulations by using complex geometries. 
Daysim is a computer simulation tool developed by 
Reinhart [Reinhart, 2006], which calculates the 
annual indoor illuminance profile using weather-
based files. This trend is currently observable in most 
programs for simulating thermal energy behavior. 
The application that uses the weather-based file is 
different from others, since it is able to predict the 
amount of daylight in an environment during an 
entire year. Static simulation programs only simulate 
the phenomenon under a predetermined sky 
condition. 
In order to overcome this limitation, this work 
describes a methodology to evaluate energy 
efficiency. It considers the use of daylight through an 
integrated simulation using two programs, Daysim 
and EnergyPlus, which evaluate energy and light 
performance [Reinhart et al., 2011]. Daysim 
generates a report that describes the artificial lighting 
control used in EnergyPlus simulation, which 
calculates the final energy consumption within the 
analyzed environments. The results indicate that this 
methodology could compensate the limitations of 
EnergyPlus and may as well evaluate energy 
efficiency in buildings, by considering the use of 
daylight. This work shows an alternative and reliable 
course for including daylight use when evaluating 
energy efficiency in buildings.   
Some tools are able to perform an integral analysis 
concerning daylight illuminance, refrigeration and 
heating systems. EnergyPlus is one of them, since it 
provides per hour results and conducts thermal 
energy simulations. Therefore, it provides a more 
detailed building performance assessment. However, 
EnergyPlus presents some limitations in its natural 
lighting system algorithm [Winkelmann et al., 1984]. 
This restriction was also confirmed by Ramos and 
Ghisi [2010], who verified a strong influence of this 
program when calculating natural lighting. It affected 
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the calculation of the portion of reflected light on the 
environment as well as the calculation of external 
lighting, which ended up being larger than the real 
one. In other words, EnergyPlus overestimated the 
amount of daylight in indoor environments and, as a 
result, it underestimated electric energy consumption 
used in artificial lighting. 
Several studies have proved that the use of daylight is 
able to save a significant amount of electricity used 
in lighting. In Brazil, some studies have been carried 
out in order to characterize commercial buildings 
from the perspective of energy consumption, 
considering the use of daylight. Souza [2003] 
proposed a methodology to estimate the Potential of 
Use of Daylight (PUD) through the use of automatic 
control systems for saving electricity spent on 
lighting. He found out that the automatic control 
strategies can significantly reduce the consumption 
of electricity spent on lighting, reaching 87% 
reduction in environments with windows located in 
opposite sides of them. 
The aim of the present study is to describe the 
applicability of a methodology to assess energy 
efficiency, considering the use of daylight. This study 
makes use of an integrated simulation by using two 
applications of computer simulation, Daysim and 
EnergyPlus, in order to overcome the limitations of 
the latter when calculating daylight. 

METHODOLOGY 
The methodology was based on evaluating and 
comparing the lighting and energy performances of 
office building models with different architectural 
variables, by using computer simulation. The 
methodological steps are shown as following. 
The first step concerned survey data obtained from 
already existent papers, regarding typologies and 
uses in non-residential buildings in Florianopolis 
city, SC. These data were used to define the 
predominant typology among the office buildings, as 
well as to choose the variables to be studied and the 
preparation of the models for simulation.  
The second step referred to computer simulations, 
which were divided into three types. The first one 
was thermal energy simulation using EnergyPlus 
program to be compared with the integrated 
simulation results. The second one was daylight 
simulation which used Daysim program to assess the 
dynamic daylight behavior and obtain the necessary 
data (operation of lighting) for the integrated energy 
simulation. The final step was the integrated energy 
simulation, which used EnergyPlus program to obtain 
the data referring to the final energy consumption of 
the models. 

Characteristics of the models for the simulations 
Different office rooms were modeled and simulated. 
They were represented by surfaces divided into floor, 
walls and ceiling, all with frontal facades 8 m wide, 
but each varying in depth (4m, 8m and 16m). The 

ceiling height of all models was 2.70m, excepting for 
model 4. Its ceiling height was 3.50m, in order to 
study the influence of the environment height on 
daylight distribution (See Figure 1).  
 

 
Figure 1. Scheme for cases M1, M2, M3 and M4. 

 

The internal reflectances of the environments were: 
70% for the ceiling, 50% for the walls and 20% for 
the floor. The models were evaluated according to 
the four cardinal orientations: North (0º), East (90º), 
South (180º) and West (270º), with the surrounding 
not being considered. 
The information in the related literature and research 
was reviewed in order to construct the typical office 
building model in Florianopolis/SC. Thirty-five 
buildings were analyzed on the topic of building 
characterization, and 41 offices were also analyzed 
regarding occupancy pattern and use of equipment 
[Santana, 2006 and Carlo, 2008]. 
Regarding the use of equipment and occupancy 
pattern, the most common types of equipment 
reported in Santana’s research were considered: air 
conditioning, coffee makers, computers, fax 
machines, light bulbs, refrigerators, printers, fans, 
water filters and radios. They were monitored and the 
average heating load of the equipment per unit area 
was 9.7 W / m².   
The air conditioning system in use was a window 
unit that operated during the hours of use of the 
building (8 am to 6 pm) and maintained the internal 
temperature between 18 º and 24 º C throughout the 
year. This temperature is commonly found in the 
literature for papers related to Florianopolis city 
[Carlo, 2008]. The air conditioning system was 
designed with the label A, according to the top 
Efficiency rating of  INMETRO (the Brazilian 
agency for measures),  with a COP (Coefficient of 
Performance) for cooling of 3.19 W/W, scaled 
according to the area of the prototype under study. 
The artificial lighting system was defined based on a 
lighting design of general lighting. They were high 
efficiency recessed fixtures and metal fins that 
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prevent glare. Each lamp contained two 28W T5 
fluorescent lamps to provide lighting power density 
of 7W/m². An automatic dimming system controlling 
artificial lighting was used in order to ensure that 
artificial lighting was turned down or turned off 
when daylight reached the desired levels of lighting. 
The illuminance of the project was adopted according 
to the factors determining the activities in the office, 
along with NBR 5413 [ABNT, 1992], with a value of 
500 lux. 
Regarding the occupancy pattern, the periods of the 
day which presented the most intense occupancy 
were those from 8 am to 12 pm and from 2 pm to 6 
pm, due to the lunch time break and the non-working 
hours. Therefore, the period from 8am to 6pm with 
100% occupancy was adopted in the simulation. The 
occupancy rate is 16m² per person.  
The models used in the simulations and their 
different variables are described as following. 
a) Parametric models  
Models with different variables are intended to form 
a data set with various combinations of construction 
parameters that affect daylight behavior. The results 
obtained through the simulations made it possible to 
establish the parameters that were the most suitable 
ones for energy saving as a result of the use of 
daylight. The characteristics of the simulated models 
and their variations are summarized in. Seventy-two 
models with different variables were built and 
evaluated, adding up 576 simulations: 288 Daysim 
simulations and 288 EnergyPlus simulations.  
The models were built considering different depths, 
Window to Wall Ratio (WWR), window Solar Heat 
Gain Coefficient (SHGC) and Shading Device with 
reflectance of 50% and shading angle of 45°: 
Horizontal Shading Coefficient (HSC) and Vertical 
Shading Coefficient (VSC), see Table 1. 
 

Table 1 
Input for the models. 

 

Shading device Models WWR SHGC HSC VSC 
Model 1 
Model 2 
Model 3 

25% 
50% 
75% 

Model 4 
19% 
38% 
58% 

0.82 
0.23 

0° 
45° 
0° 

0° 
0° 

45° 

 

b) Base Models  
The Base Models were the reference for the analysis 
of the parametric models simulation results. A 
prototype that represented low efficiency in the use 
of daylight with features that would induce low 
energy efficiency in buildings was chosen. The 
model presents a system of artificial lighting 
switched on all through the period of occupation, 
without photoelectric sensors or a dimming system, 

with WWR of 75% and SHGC of 0,82. A Base 
Model for each one of the four models under study 
was built. 
c) Analysis Plan 
In order to evaluate the dynamic measure of Daylight 
Autonomy (DA) in the work plan, the simulations 
were carried out in a number of points sufficient to 
characterize an analysis plan. The internal 
environment was divided into equal areas, forming a 
net where the measurements are given in the center 
of each area. The net of points is a horizontal surface 
located 0.75m above the floor with points spaced 
1.33m apart and 0.67m from the wall. For the Split 
Flux and Radiosity analysis in EnergyPlus only one 
point per zone was utilized, as an example see Figure 
2. 
 

 
Figure 2. Nets of points for the analysis: Model 2 and 

Model 4. 
 

Computer simulations 
The simulations were divided into three stages. First, 
a thermal energy simulation was carried out with the 
Base Models, using EnergyPlus application only. 
After that, the daylight simulation in the parametric 
models was performed through the Daysim program. 
Finally, the integrated simulation was completed in 
order to obtain the total energy consumption data in 
EnergyPlus, by entering the lighting system control 
obtained with the use of Daysim.  
In this paper, the file climatic TRY (Test Reference 
Year) was adopted as the input data. The climate file 
can be found at the Laboratory for Energy Efficiency 
in Buildings at UFSC (http://www.labeee.ufsc.br). 

Thermal energy simulation 
The thermal energy simulation was performed using 
the EnergyPlus 3.0 program and the model base. The 
results provided a comparative reference for the 
results of the model simulations with different 
variables. 
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Daylight simulation 
The daylight simulations were carried out using the 
Daysim 2.1.P4 simulation program, which provides 
data for assessing daylight and hourly data to activate 
the artificial lighting through the automatic control.  
In order to start the simulations it was necessary to 
prepare the computer models in a CAD program. 
Daysim accepts modeling in several applications, 
provided that the file is exported in 3DS format. 
Since Daysim simulates lighting through 
RADIANCE, its tutorial suggests that some input 
data must be entered in accordance with the 
characteristics of the model in use (see Table 2). 
 

Table 2 
Input for the models. 
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Without 
shading 
devices 

5 1000 20 0.1 300 0 0 

With 
shading 
devices 

7 1500 100 0.1 300 0 0 

Source: Adapted from [Reinhart, 2006]. 
 

After each simulation, the program provided a report 
with the values of Daylight Autonomy for each point 
of the net and a CSV report (comma separated value) 
with the artificial lighting consumption data, which 
were necessary for calculating electricity 
consumption. The latter was used as lighting control 
for the integrated simulation in EnergyPlus.  

Integrated energy simulation 
The integrated energy simulation allowed us to assess 
the impact of daylight use on energy saving. This 
simulation was possible due to the use of the report 
provided by Daysim, which informs the occupancy 
hourly values and the lighting activation.  
Regarding the input data in the simulation program, 
we used the constructive characteristics of use and 
occupancy of the models and the report on artificial 
lighting control obtained in the lighting simulation. 
The lighting system used in the Daysim program 
contains a dimming control with photoelectric 
sensors. It adjusts energy intensity for lighting, 
according to the availability of daylight, and it also 
keeps a constant lighting level in the environment. 
The lighting is activated by a single on/off switch 
near the door and the photocell consumes 2W in 
standby. 
Before using the report with the internal gains (CSV) 
in EnergyPlus, the data must be converted, since 
Daysim and EnergyPlus programs use different 
lighting units (Watts and ILD, respectively). 
Therefore, the values of Installed Lighting Power 
Density of the Daysim report were converted to a 

corresponding value of installed power, dividing the 
power density of the report by the installed power 
(7W/m²), which resulted in a percentage of use of the 
installed power throughout the room. 

RESULTS AND DISCUSSION 
This item shows the results obtained by using the 
proposed methodology. First, there is a comparison 
among the results obtained by using the simulation of 
energy consumption through the lighting control 
system of EnergyPlus and the integration of the 
results of the Daysim lighting control in the 
EnergyPlus energy simulation. After that, daylight 
behavior can be observed in the different studied 
models with the Daylight Autonomy (DA) values 
that were obtained in the simulations using the 
Daysim program. Finally, the results of the thermal 
energy simulations and the integrated simulations in 
EnergyPlus are shown, including the model base and 
the different parameter models.  

Thermal energy simulation vs. Integrated 
simulation 
The energy consumption values used in lighting, air 
conditioning and equipment of each case study were 
obtained in the simulations performed by 
EnergyPlus. Regarding this analysis, we compared 
the results obtained in: (i) the Base Model, which 
presented artificial lighting on during the entire 
occupancy period; (ii) the simulated models with 
EnergyPlus lighting control system1, which simulated 
daylight using Splitflux and radiosity, and (iii) the 
simulated models with the Daysim lighting control 
system, which used ray-tracing to simulate daylight. 
This analysis was accomplished for the models with 
North orientation, WWR of 75%, SHGC of 0,82 and 
without shading devices (HSC and VSC equal 0°) 
(see Figure 3). 
 

 
Figure 3. Simulated energy consumption using 
different methods for the north oriented models. 

 

The use of lighting control in simulations with 
EnergyPlus and Daysim provided a reduction in 
consumption, since artificial lighting utilization 
decreased. The air-conditioning consumption was 

                                                             
1 Daylighting can be simulated in EnergyPlus through two 
different methods: the Split Flux method using Daylighting 
Controls object and the Radiosity method using DElight 
method. 
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high in Base Models (MBase). Air conditioning 
consumption refers only to the cooling of the 
environment, not to heating, whose consumption 
showed values of only 12kWh/year; therefore, it was 
decided not to include heating in the analysis. The 
low power consumption for heating, regarding 
Florianopolis’ climate, was due to the heat generated 
by equipment and users during the occupancy period 
and, since they were in working locations, the 
internal loads were high and sufficient to warm up 
the environment in winter. 
The two types of control simulated in EnergyPlus 
(radiosity method and Splitflux method), showed 
similar values, both close to 1 kWh/m²/year. This 
value corresponds to an artificial lighting reduction in 
consumption of more than 94% when compared to 
MBase. This reduction value means that the artificial 
lighting system was off almost the entire time. Model 
3 was the exception, obtaining 8,1 kWh/m²/year by 
using the radiosity method. It meant a 68% reduction 
in energy consumption in comparison to MBase. The 
lighting consumption of Daysim presented a 
reduction of almost 50% in comparison to MBase. 
Depending on the environment depth, Daysim 
showed artificial lighting consumption values up to 
10 times greater than EnergyPlus. 
The differences between the results of simulations 
with EnergyPlus and the integrated simulation 
confirm the limitations of the split flux method for 
daylighting simulation. The split flux method 
overestimates the illuminance values and reduces by 
97% the consumption of artificial lighting, which 
reduces the consumption with HVAC and 
consequently, affects the total energy consumption 
value. 
This happens because the split flux method is 
recommended for cubic environments. For room 
depth environments it is not recommended. In 
models with increased room depth the method 
overestimates, by two or more times, lighting through 
inside inter-reflections [Winkelmann et al., 1984], 
which was proofed within this work by simulations 
of models with different depths. Simulations using 
radiosity method also delivered overestimated values. 
These data provide an indication of the inadequacy of 
EnergyPlus to simulate daylight. 
The ray-tracing method is widely used and accepted 
for daylighting evaluation in buildings. This method 
deals well with multiple reflections and 
transmission/specular reflection, not grow 
exponentially because each level has its own set of 
indirect values [Ward, 1993]. 
The use of an integrated simulation is an alternative 
to solve this problem, since the combination of 
daylight values obtained by Daysim, using the ray-
tracing method, along with the EnergyPlus energy 
simulation showed more reliable results. 

Daylight behavior 
The models developed to study daylight behavior 
obtained different DA results, according to the 
geometric variables used in their composition. In 
general, regarding the variables related to opening, 
the north facing models, without shading devices, 
with WWR of 75% and SHGC of 0,82, obtained 
higher DA values in a greater percentage of the area. 
The south facing models with VSC, WWR of 25% 
and SHGC of 0,23 showed the lowest DA values per 
unit area. 
The isoDA (Iso Daylight Autonomy) shows three 
zones: the first corresponds to the percentage of the 
model area with DA values greater than 70%, the 
second corresponds to DA values between 10% and 
70%, and the third corresponds to DA values lower 
than 10%. The result shows that model 1, with a 
depth of 4m, presents 100% of its area with daylight 
autonomy above 70%, whereas model 3, with a depth 
of 16m, presents only 35% of its area with daylight 
autonomy above 10%. The same situation can be 
observed about height. The increased ceiling height 
improved daylight autonomy, allowing the 
environment to present a DA above 10%. in 100% of 
its area.  The analysis with DA does not identify the 
situations with very high lighting levels. The use of a 
shutter-like device would be a possible solution to 
reduce excessive light and prevent undesirable 
effects such as visual discomfort. 

Influence of daylight on energy consumption 
All simulations were compared to the results of 
EnergyPlus simulations, which considered artificial 
lighting switched on during the entire occupancy 
period, and the results of the integrated simulations: 
Daysim + EnergyPlus. 
The results are presented in graphs formed by 
columns and rows. The columns represent the 
consumption values obtained from the models’ 
integrated simulations with different parameters, and 
the lines represent the consumption values obtained 
from the thermal energy simulations for the model 
base of each model group (see Figures 4 to 11). 
 

 
Figure 4. Results of energy consumption in the 

simulations for models 1, North. 
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Figure 5. Results of energy consumption in the 

simulations for models 1, South. 
 

 
Figure 6. Results of energy consumption in the 

simulations for models 2, North. 
 

 
Figure 7. Results of energy consumption in the 

simulations for models 2, South. 
 

 
Figure 8. Results of energy consumption in the 

simulations for models 3, North. 
 

 
Figure 9. Results of energy consumption in the 

simulations for models 3, South. 
 

 
Figure 10. Results of energy consumption in the 

simulations for models 4, North. 
 

 
Figure 11. Results of energy consumption in the 

simulations for models 4, South. 
 

The figures above contain the data obtained in the 
integrated simulations. We chose to present only 
North and South directions of each model. The 
consumption totals for East and West directions were 
quite similar to those for the North direction. South 
direction obtained the lowest consumption values by 
final use, but lighting consumption rates were higher, 
since in Florianopolis city this is the orientation that 
receives less sunlight due to its geographical 
location. 
The analysis of energy consumption regarding the 
artificial lighting system in the studied Models shows 
that lighting consumption is directly related to the 
depth of the environment. In other words, the shorter 
the depth of the room, the greater the percentage of 
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the area reached by daylight and the lower the 
artificial lighting consumption. Figures 8 and 9 
shows that all Model 3 cases, with a depth of 16m, 
present very little variation in lighting. This occurs 
because the Models present daylight only in the 
region near the opening; therefore, more than 50% of 
the area of the room requires artificial lighting during 
the entire occupancy period to achieve the design 
illuminance. 
The decrease in lighting consumption due to the use 
of daylight positively influences the air conditioning 
behavior, which will have less energy consumption 
due to lower internal loads from the artificial lighting 
system. This situation occurs in all the directions and 
it can be observed when a comparison with MBase is 
made: the smaller the consumption of artificial 
lighting, the lower the consumption of air-
conditioning. 
It can be observed in the analysis of the different 
models that those with WWR of 75%, SHGC of 0,82 
and without shading devices showed the lowest 
consumption of artificial lighting. However, they 
presented the highest air conditioning consumption 
levels. These cases evidenced the highest values of 
DA per unit area and, therefore, a higher heating load 
from solar radiation, due to the materials used and 
the absence of shading devices. 
The results obtained based on different models made 
it possible to identify a trend in the relationship 
between the energy consumption and the geometric 
parameters, confirming what had already been 
pointed out and discussed by Ghisi et al [2005]. 
In the analysis of artificial lighting consumption, a 
trend was established by calculating the ratio of the 
facade area by the floor area and in the analysis of 
the air conditioning consumption, the trend was also 
identified by finding the ratio of the facade area by 
the volume of the model. 
These trends can be seen in Figure 12, which 
illustrates one of the simulated cases as an example, 
the north oriented case, with WWR of 75%, SHGC 
of 0,82, without shading devices. 
 

 
Figure 12. Relationship of consumption with 

[FA/FlA] e [FA/V] ratio. 
 

In the graph, the columns refer to consumption of 
artificial lighting, air conditioning and total 
consumption. The dashed line represents the ratio of 
the Façade Area by the Floor Area [FA/FlA] and the 
dotted line corresponds to the ratio of the Facade 
Area by the Volume of the model [FA/V]. 
Since the environments under study were modeled 
with only one facade facing the external 
environment, providing heat gain by the heat 
exchange, a relationship between the geometrical 
shapes and energy consumption was hypothesized. 
The more compact models showed the highest 
consumption per unit of volume, and they also 
presented a smaller loss of heat inside the 
environment due to the heat exchange. 
By analyzing the relationship between the artificial 
lighting consumption and [FA/FlA] ratio, it can be 
observed that the higher the ratio, the lower the 
artificial lighting consumption, since the most 
shallow and highest environments had a better 
daylight distribution. On the topic of the relationship 
of air conditioning consumption and the [FA/V] 
ratio, the opposite occurs: the larger the ratio, the 
greater the air conditioning consumption. 

CONCLUSION 
This study improves the assessment of the impact of 
using daylight in reducing energy consumption in 
non-residential buildings. The integration of two 
computational tools utilized in analyzing the lighting 
performance and thermal energy in buildings, 
Daysim and EnergyPlus, was the solution to 
overcome the existing limitation in EnergyPlus. The 
application of the integrated simulation method 
calculated the annual energy consumption in one 
program (EnergyPlus), by using the data file created 
in another program (Daysim). 
The impact of using daylight in the total energy 
consumption was analyzed through the energy 
consumption from air conditioning and artificial 
lighting. The use of the artificial lighting control 
system, with the use of daylight, provided a reduction 
in lighting energy consumption in all the models. It 
also influenced the air conditioning behavior, which 
had less energy consumption because of the decrease 
in the internal loads from the artificial lighting 
system. The reduction achieved in the final 
consumption ranged from 12% to 52%.  
When assessing volumetry of the models, which 
encompasses the variables depth and height (ceiling 
height), it was noticed that the less deep and the 
higher the environment, the lower the consumption 
with artificial lighting. Because the environments 
were unilaterally illuminated, the interior was 
favored by daylight for being closer to the opening. 
As a result, the deepest models had more than 50% of 
their area in need of lighting throughout the year. On 
the other hand, since the deeper environments had a 
higher volume (distant from the intake heat, the 
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opening), their thermal load per cubic meter was 
lower, which reduced the expenses with air 
conditioning. Once more, the correlation between 
energy consumption and the inverse of the depth of 
the environments was confirmed.  
From the results obtained and the limitations found in 
this work, we propose to focus future researches on 
the reduction of energy consumption through the 
exploration of behavioral models for controlling 
curtains, lighting and shading devices. 
We expect that this study contributes with 
information about the evaluation process of lighting 
and energy performance, and provides support for the 
inclusion of daylight in the process of assessing 
energy efficiency in buildings. 
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