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Abstract— Building cooling energy demand accounts for a 

significant fraction of the global energy demand. This is 

significant in hot and humid countries especially in the South 

Asian region where the electricity infrastructures are at risk due 

to increasing demand for building cooling due to various factors 

such as global warming and growth of population. Although this 

risk has been identified, limited research has been conducted in 

energy demand predictions in these climatic zones. Nevertheless, 

the use of data driven modelling for demand predictions of 

buildings is becoming popular around the world. Hence, this 

paper focuses on developing a model to predict indoor 

temperature from outdoor conditions to estimate the cooling 

energy demand. The model presented is a hybrid model which 

is a combination of physics based and data driven models. The 

model was trained and validated for an existing office building 

in a tropical climate zone. Model parameters were calculated 

using different surveys. The developed model has been used to 

calculate the cooling energy demand of the selected zones. It was 

observed that the demand increase is dependent on various zone 

envelope properties (window area, floor area etc.) and these 

zones show a significant correlation between indoor and outdoor 

conditions.  

Keywords—cooling energy demand, data driven modelling, 

building envelope 

I. INTRODUCTION  

It is a well-known fact that the world is facing an energy 
crisis today. Sri Lanka, being a country which currently 
predominantly relies on the non-renewable energy sources 
such as fossil fuels and coal for its energy generation are in a 
dire need to either well managed energy consumption or to 
convert into renewable energy sources. According  Fernando 
et.al. [1], approximately  78% of the national energy demand 
in Sri Lanka is supplied by non-renewable energy sources. 
The fact that almost all of these non-renewable fuel is  
imported into the country imposes a huge burden to the 
economy. In a hot and humid country like Sri Lanka, amid the 
threats of global warming, increased energy demand in current 
infrastructure would be critical for the national power supply. 
The increased demand means that more energy should be 
produced through non-renewable sources which in turn 
contributes to the global warming .The building sector in Sri 
Lanka consume 46% of the total energy consumption along 
with the industrial sector and transportation sector consuming 
25% and 29% respectively [2]. More than 50% of the energy 
consumption in buildings in Sri Lanka is occupied by HVAC 
(Heating Ventilation and Air Conditioning) systems as 
calculated by the electricity bills and end-use electricity 
breakdown [3]. As per the rising global temperature, the 
HVAC energy demand is predicted to increase which will in 
turn increase the greenhouse gas emissions resulting 
accelerated global warming creating a cycle of temperature 
and demand increase.  

When predicting the future building air conditioning 
energy demand patterns, localized studies are more important 
as the energy demand is dependent on the climate zones [4]. It 
should also be noted that from the IPCC (Intergovernmental 
Panel on Climate Change) assessment report, the frequency of 
hot days and hot nights are increasing throughout the globe 
[5]. These changes are dominant in the Southern and South 
East Asia region, with the large incremental increase of 
buildings and population.  Lundgren et.al [6] showed that the 
energy demand for air conditioning in these regions could 
increase up to 40 times in year of 2100 with an average annual 
rise of 7%. For accurate predictions of future cooling energy 
demand, establishing the relationship between the indoor and 
outdoor conditions of buildings is vital. There are several 
models which are used to quantify this relationship between 
indoor and outdoor conditions [7]. Since the outdoor 
temperatures are predicted to increase due to the global 
warming, the models that establish the relationship between 
indoor and outdoor temperatures are vital in predicting the 
future indoor temperatures and cooling energy demand of 
buildings [8]. The energy demand of a building is greatly 
affected by the sensitivity of the building thermal properties 
to outside conditions. R. Watkins et.al [9] suggested that an 
increase of 1°C of average global temperature would cause an 
average increase of 10% of the cooling demand. However, this 
sensitivity of cooling energy demand of a building is affected 
by other factors such as building architecture, orientation, 
construction material, and surrounding conditions (e.g. 
external shading, wind patterns).  

There are many assumptions and parameter involved when 
calculating cooling demand using established physics based 
models such as ASHRAE (American Society of Heating 
Refrigeration and Air conditioning Engineers)  heat balance 
model [10]. With the advancements of computer based data 
driven modelling techniques, use of artificial intelligence and 
machine learning in modelling building thermal dynamics 
have increased [11]. Most of the models developed to quantify 
the indoor temperature are based on trend analysis of sets of 
collected data rather than using physical principles. The data 
driven models have shown less complexity with respect to 
parameters when modelling the indoor temperature of a 
building [12]. Hence, this research was focused on calculating 
the required parameters for a hybrid model which is a 
combination of a data driven and physics based model to 
calculate the indoor temperature and cooling load of several 
zones in a typical office building in Colombo, Sri Lanka.  

II. METHODOLOGY 

A. Data collection 

The building selected for this study was the Western 
Provincial Council building, Baththaramulla, Sri Lanka. This 



building was commissioned in 2018. A relatively new office 
building was selected mainly to reduce the impact of the 
forced infiltration due to the age of the building [3]. Also, 
Baththaramulla area in Colombo, Sri Lanka is an upcoming 
development area where most new government and office 
building complexes are mushrooming. Hence, the selected 
building is a good representation of the current and the future 
buildings in the area. The building consists of 14 floors, 
offices are located from 1st to 13th floor and the top floor is 
largely conference halls. The Ground floor and the basement 
level are used as car parks. 

Three zones of the building were selected for the study. 
Several parameters such as occupancy, activity of occupants, 
zone envelope, exposure to outdoor conditions, orientation 
and position of the zones, shadings of external surfaces, air 
infiltration and fenestration were considered when selecting 
the zones. The details of the selected zones are given below, 

• Timber Deck – located on the 14th floor of the 
building. No Occupants or equipment inside the zone. 
Doors are closed throughout the day. West wall is 
covered by an inoperable unshaded window. 

• Office area – office area with many occupants and 
working equipment functioning throughout the day. 
The external walls have shaded windows which are 
inoperable. The door is opening to a non-air 
conditioned space and the door is mostly open 
throughout the office hours. Although the area is Air 
conditioned, the air conditioner is not adjustable. 
Located on the first floor of the building. 

• Cafeteria – also located on the first floor of the 
building. Large non-air conditioned space. High 
occupancy during certain hours of the day. There are 
several equipment adding sensible heat as well as 
latent heat into the zone. Minimal exposure to outdoor 
conditions. Although the zone is non- air conditioned, 
conditioned air is flown into the zone from openings to 
nearby air conditioned spaces. 

 The plans and perspective views of the zones are shown 
in Fig  1. An equipment survey was conducted in the zones to 
calculate the heat addition by the equipment inside the zones. 
The general properties considered in the zones are tabulated 
in Table I.  

 HOBO U12-012 Temperature and Relative Hhumidity 
(RH) data loggers were used to collect the indoor temperature 
data and RH. The temperature and RH data for the three 
selected areas were measured for 1-month period starting from 
23rd July 2020 and data were recorded at 10 min intervals. 
The outdoor temperature and RH of the building for the same 
period were also collected. The data loggers were positioned 
such that they were not exposed to direct sunlight through the 
glasses or direct radiant or conductive heat from nearby 
appliances. Also, the data logger in office area was placed 
avoiding the direct air flow from the air conditioners. The 
measured temperature variations are illustrated in Fig 2. 

TABLE I.  PROPERTIES OF THE ZONES 

Property 
Zone 

Office Cafeteria 
Timber 

deck 

Floor area (m2) 218.05 550.85 65.03 

External wall area (m2) 17.57 5.35 1.17 

Internal wall area (m2) 126.46 379.39 136.58 

Window area (m2) 108.89 45.24 19.06 

Wall to floor ratio (WFR) 1.16 0.78 2.41 

External wall to window ratio 
(WWR) 

0.861 0.894 0.942 

External wall area/Total wall 
area 

0.5 0.1176 0.13 

Window area/External wall 
area 

0.861 0.8943 0.942 

Number of occupants* 35 110 0 

Total internal heat gain (From 
equipment usage) (W)** 

699 7025 0 

a.
 Peak number of occupants given. Changes with time. Peak internal heat gains are indicated 

in the table. Depends on the equipment usage time. 

B. Indoor temperature set-point 

The internal temperature set-point for the HVAC system 
of a zone is an important parameter in calculating the cooling 
load of a building. Although a standard value for internal 
temperature set-point is given in ASHRAE guidelines for Air 
Conditioning [13], research have shown that occupants in hot 
and humid countries have a colder thermal sensation in this 
set-point temperature as the people in these hot and humid 
climate zones are more comfortable with higher comfort 
temperatures when compared to relatively colder countries 
[14]. This has been addressed by using adaptive thermal 
comfort models in past research. In this study, a thermal 
comfort analysis was conducted using an occupant survey to 
calculate the optimum indoor temperature set-point for the 
occupants. 

 A survey was conducted at the cafeteria area to calculate 
the thermal comfort level of the occupants and the average Clo 
values of clothing of the occupants. Clo value is an indication 
of the clothing insulation of a subject as given in ASHRAE 55 
standards.  The survey was prepared according to ASHRAE 
Standard 55 [15], and the results were calculated for time 
intervals of 0800HRS -1000 HRS, 1000HRS-1200HRS, 
1200HRS-1400HRS, and 1400HRS-1600HRS. The results 

 

Fig. 1. Plan and perspective views of the selected zones. Red dot 
indicates the position of the data logger 



were used to calculate the thermal insulation of the occupants 
and the average clo values for men and women were 
separately calculated using (1);  

���,�����	 
 ��� ∗ �0.6 �  0.4/�� (1) 

where Icl, active is the calculated clo value and Icl is the clo 
value due to clothing and M is the metabolic rate due to 
activity level. The thermal comfort sensation of the occupants 
were calculated as the Predicted Mean Vote (PMV) value and 
were recorded using the survey with ASHRAE 7 point scale 
(-3 – too cold, -2 – cold, -1 – slightly cold, 0 – comfortable, 1 
– slightly warm, 2 – warm, 3 – too hot)[16]. 

C. Indoor temperature prediction model 

The model developed to predict the indoor temperature 
using external conditions was based on the Newton’s Cooling 
Law [17]. The cooling law was discretized using Euler’s 
method to obtain a time varying equation (2) 
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where, ������ is the indoor temperature at time step t, ∆� 
is the temperature difference of previous time step and the 
current time step, C is total heat capacity of the zone and U is 
the overall heat loss coefficient for zone envelope. Both U and 
C were calculated according to the guidelines in ASHRAE 
Fundamentals 2017 [13]. This equation only contains the heat 
addition by conduction of heat through the building envelope. 
In practice, the heat addition by radiation as well as the heat 
addition by equipment and occupants inside the building also 
significantly contribute to the increase of indoor temperature. 
Therefore, (2) was further modified to include these 
parameters as given in (3), 
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where, E(t) is the heat addition by solar radiation at time 
step t, P(t) is the heat addition by the equipment and occupants 

 

Fig. 2. Variations of indoor and outdoor temperatures for the hottest and coldest days 

 

Fig. 3. Measured indoor and outdoor temperature variations for the selected zones 



inside the zone calculated through an equipment and the 
occupant survey conducted in the zones.  x1, x2, x3, x4 and x5 
are parameters included to account for the other un-modelled 
parameters such as the heat addition by air infiltration. 
Parameter sensitivity analysis was done to select the number 
of optimum parameters. d is the calculated delay time steps for 
each zone. This delay time step calculation is necessary for 
each zone as the thermal dynamics of each zone are different 
to the other and therefore the delay between heat addition to 
the zone and the subsequent temperature increase is different 
from zone to zone. Past research showed several methods to 
calculate this delay time for a building zone. The theoretical 
time delay is calculated by using the time constant for each 
zone. However, this method cannot be implemented for 
already existing building zones. Hence, in the present study 
time delay was calculated by analyzing the time difference 
between the indoor and outdoor temperatures for each zone.  
The heat addition by solar radiation: E(t) is calculated by (4), 
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 where, I, �2  and �3 are extra-terrestrial, beam and diffuse 
radiation, respectively, 42is the geometric factor calculated as 
the ration between the cosines of incidence and zenith angles, :is the cloudiness index, �;<is the total radiation incident on a 

horizontal ground plane, =; is the albedo of ground, @� is the 

surface area and A�  is the surface radiation absorptivity 
transmittance index.  

The x1, x2, x3, x4, x5 parameters were calculated by 
parameter optimization using collected data. Simulated 
annealing algorithm (simulanneal) of Global optimization 
toolbox of MatLab® was used for the parameter 
identification. Root Mean Square Error (RMSE) was used as 
the minimization function for the simulated annealing 
algorithm.  

III. RESULTS AND DISCUSSION 

The indoor temperature variation over one month period 
for the selected zone of the building are given in Fig 2. The 
variations of the indoor temperature showed important 
observations related to the zones. As can be seen from Fig. 2, 
timber deck area showed the highest variation in indoor 
temperature with respect to outdoor temperature, while the 
cafeteria showed the lowest variation in indoor temperature. 
Timber deck area was also observed to achieve the peak 
indoor temperature 2HRS 15MIN on average earlier than the 
cafeteria.  The reason for these observations can be possibly 
explained based on properties of the zones given in Table 1: 
high thermal capacity of the cafeteria when compared to the 
timber deck, high wall ratio exposed to outdoor conditions in 
timber deck when compared to the cafeteria, , high internal 
heat gains due to equipment and more occupants in cafeteria, 
low wall to floor ratio in the cafeteria and high window to wall 
ratio in the timber deck with majority of the envelope exposed 
to outdoor conditions being a west facing unshaded window. 

When analyzing the indoor and outdoor temperature 
variations during the day for the hottest and the coldest day 
observed during the data collection period (Fig. 3), it is 
observable that the three zones have different indoor 

temperature variations with outdoor temperature. While the 
timber deck has a peak temperature difference of 4.5 oC for 
hottest and coldest days of the data collection period, cafeteria 
only has peak temperature difference of 0.6 oC. Therefore the 
timber deck internal conditions were observed to be much 
more dependent on the outdoor conditions than the cafeteria 
or office area.  

A. Results of the survey 

According to the results of the occupant survey given in 
Fig 4 indicates that an average man (PMV of 0.7) experiences 
a slightly warmer sensation than an average women (PMV of 
0.62) which is justified by the calculated average Clo values 
(0.67 for men and 0.58 for women). The obtained Clo values 
were then used to calculate the ASHRAE standard comfort 
zone and theoretical PMV value (Men -  1.1, Women – 0.97) 
for the standard set point temperature for both men and 
women. CBE (Center for Built Environment) Thermal 
comfort tool [18] was used to obtain the ASHRAE 55 standard 
thermal comfort zones with respect to the calculated Clo 
values for men and women and are given in Fig 5. The 
maximum indoor temperatures and humidity levels were then 
plotted on the graph of Relative Humidity vs. Indoor 
Temperature on which the two comfort zones were also 
plotted, which is given in Fig. 4 [18]. As can be seen from Fig 
4 all the points related to 31 days of the selected months falls 
well right to the ASHRAE standard comfort zone indicating 
that occupants in these areas have theoretical PMV values 
closer to 1 for ASHRAE standard indoor temperature set-point 
(should experience slightly warm to warm sensation).. 
Therefore, the indoor temperature set-point was gradually 
increased until the theoretical PMV calculated by theoretically 
by the temperature set point matches the survey calculated 
PMV.  This set point temperature of 24 oC was used in this 
research as the desired indoor temperature of the zones for 
optimum thermal comfort of the occupants[14], [19].  

B. Temperature prediction model results 

The number of delay time steps (d) for each zone were 
calculated using the average daily variation of indoor and 
outdoor temperatures for each zone. For this, the time 
difference between daily peak indoor and outdoor 
temperatures were calculated for the data collection period 
and the number of delay time steps (one time step of 10 
minutes) were calculated by the average delay between indoor 
and outdoor temperature peaks for each zone. The calculated 
delay time steps (d) for each zone with the other model 
physical parameters are given in Table II.  

 

 

Fig. 4. ASHRAE standard thermal comfort zones 



TABLE II.  PHYSICAL PARAMETERS AND TIME LAG CALCULATED FOR 

EACH ZONE 

Parameter 
Zone 

Office Cafeteria 
Timber 

deck 

Toral heat capacity (kJ/K) 804,125 1,547,811 105,240 

Overall heat loss 
coefficient (kW/K) 

1.21 3.24 0.84 

Time lag (minutes) 104 107 81 

Number of delay time steps  10 11 8 

 
As discussed above simulated annealing (simulanneal) 

algorithm in MATLB® was used in estimating x1, x2, x3, x4, 
and x5. Since the identified parameters from simulanneal 

function was dependent on the starting points given as an input 
to the algorithm. patternsearch algorithm was used to 
calculate the starting points for the simulanneal algorithm. 

The results were tested for local minimums of the 
minimization error function using fminunc function. The 
iterative process was continued until parameters were 
calculated for the global minimum of the error function. 
During this training and validation, process the collected data 
set for each zone was divided to four groups and three of the 
groups were used for the parameter identification while one 
group was used for the validation of the results. Subsequently, 
each parameter was calculated four times for every data set 
changing the groups used for validation and identification. 
The final values for parameters were calculated as the average 
of the four parameter values. The model validation results are 
given in Fig 6. The calculated values for the parameters and 
the RMSE and Pearson correlation coefficient (R) are given in 
Table III. All models considered in the study have shown 
acceptable R vales of greater than 0.7 indicating a good 
correlation between the outdoor and indoor conditions. As 
expected from the observations made through the analysis of 
collected data, timber deck had the highest correlation 
coefficient indicating good correlation between indoor and 
outdoor temperatures indicating good correlation between 
indoor and outdoor conditions as opposed to the cafeteria area 
having the lowest correlation and the highest dependency of 
indoor temperature due to internal loads.  

The model predicted indoor temperatures were then used 
in IES VE tool to calculate the cooling energy required for 
each zone. . The calculated temperature set point was used as 
the desired temperature with each zone preconditioned for one 
month. Table IV gives the peak cooling loads and peak indoor 
temperatures for each zone for the hottest and coldest days.  

TABLE III.  CALCULATED PARAMETERS AND ERROR FOR THE MODELS 

Parameter 
Zone 

Office Cafeteria Timber deck 

X1 0.807 0.926 1.365 

X2 0.981 0.725 0.833 

X3 0.962 0.815 1.281 

X4 0.681 0.639 0.723 

X5 0.229 0.215 0.257 

RMSE (oC) 0.464 0.331 0.398 

Correlation 
coefficient (R) 

0.811 0.774 0.831 

It is worth to notice that although the timber deck has the 
highest predicted and measured indoor temperature, the 
cooling load is much lower than that of the cafeteria. 
However, the percentage difference in cooling load of timber 
deck is much higher than that of the cafeteria. This indicates 
that although the timber deck has the lowest cooling load, the 
percentage increase of cooling load between hottest and 
coldest day of the period is much higher than that of cafeteria 
or office. I.e. the increase of cooling load for timber deck will 
be the highest followed by office and cafeteria per 1 oC 
increase of outdoor temperature. The office area, although is 
air conditioned, showed relatively higher dependency of 
indoor temperature to outdoor temperature compared to the 
cafeteria. This was due to the air conditioner not being able to 
handle the heat infiltration into the room and the frequent door 
opening leaking conditioned air to the outside.  

 

Fig. 6.  Validation results from four fold cross validation for timber 
deck 

Fig. 5.  PMV variation calculated by the occupant survey. Average 
PMV for men – 0.7, women – 0.62 



IV.  SUMMARY AND CONCLUSION 

In this study, indoor and outdoor temperature data 
collected from three different zones of an office building in 
hot and humid climate zone of Colombo, Sri Lanka was 
analyzed. The data was used to establish a data and physical 
principles based hybrid model to predict indoor temperature 
from outdoor temperatures. The model results and validation 
were presented in the paper. The indoor temperature 
predictions from model was then used to calculate the cooling 
energy requirements for each zone, emphasizing on the 
difference between outdoor temperature, indoor temperature 
and indoor cooling load for the observed hottest and coldest 
days of the data collection period. It was observed that the 
timber deck had the highest percent increase of cooling load 
of 41.9% per 1 0C increase of outdoor temperature, while 
cafeteria has the lowest with 3.1%. However, because of the 
relatively high thermal mass in cafeteria, on average cooling 
load change of 7.2kW between hottest and coldest days was 
observed for cafeteria as opposed to 2.8kW of timber deck. 
The office area always showed variations in between that of 
cafeteria and timber deck. The observations give the 

conclusion that different zone indoor temperatures show 
different variations with outdoor temperatures and is 
dependent largely on the building envelope. The hybrid 
models as presented in this study can be used to quantify this 
relationship with god accuracy and can be used for future 
energy predictions of the zones with difference outdoor 
temperature profiles predicted by different climate change 
scenarios.  
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TABLE IV.  COOLING LOAD AND INDOOR TEMPERATURE PREDICTIONS
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Zone 

Peak outdoor 

temperature (oC) 

Peak indoor temperature 

(measured) (oC) 

Peak indoor temperature 

(model predicted) (oC) 

Peak cooling load (kW) Percent 

increase of 

cooling load Hottest 

day 

Coldest 

day 
Hottest day Coldest day Hottest day Coldest day Hottest day Coldest day 

Office 

31.8 28.9 

28.2 27.9 30.4 28.4 9.430 7.28 29.53% 

Cafeteria 27.9 27.3 28.4 28.2 87.45 80.21 9.02% 

Timber 
deck 

33.3 28.8 34.2 29.2 5.33 2.41 121.16% 


