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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

A monitoring platform is designed, set up and used to store the measured indoor climate data such a temperature and humidity 
from an air-conditioned classroom to the purpose of thermal comfort evaluation. In addition, the measured current using smart 
current sensors at the power cables, which supply the air conditioning and ventilation system, was transmitted to the monitoring 
platform and calculated by soft code for the energy consumption when the air conditioner is switched on. The detail of energy 
and indoor climate monitoring system can be found in previous publication as well as the monitoring platform. In this paper, the 
data stored in the monitoring platform are used for the analysis of temperature and humidity distribution in the air conditioned 
room as well as the thermal comfort based on the predicted mean vote, PMV, with various occupant clothes simulated criteria. 
Temperature and humidity sensors are installed at various positions around the room provided 24/7 climate monitoring. In order 
to illustrate the thermal comfort, the comfort index is indicated by the calculation of the predicted mean vote that ranges from -3 
to +3 where the zero meant neutral. The results show that the occupants wore long sleeve shirt with jacket and trouser for male, 
and short sleeve shirt with jacket and full-length skirt for female would reach the thermal comfort at lower temperature than 
others. In other words, the waste energy could be reduced simply by setting up higher cold temperature cooperated with 
switching off the air conditioner sometime before the end of the last class of the day, according to the indoor temperature curve 
analysis, which could save energy for roughly 18%. 
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1. Introduction 

Building energy consumption has been concerned by government and private energy organizations because the 
demand trend rapidly increases due to many reasons but mainly is people comfort. Numbers of new technologies are 
available every year to satisfaction for comfortable living. Electrical appliance highly consumes energy in all types 
of building whether private or public. The most energy consuming in the building is the HVAC (Heating, Ventilation 
and Air Conditioning). To reduce the amount of energy consumption, several strategies are introduced from the 
building design to the end use. Building energy management required the data collection for planning and 
controlling the use of energy in building; however, this could have to deal with large number of data in which the 
analytical procedure could be a challenging for the building service engineers or scientists. Another field of study 
related to the computer software dealing with big data that is being generated by digital processing from variety of 
sources, sensors and mobile devices. Thus interpreting data into something meaningful and benefit to the 
organization will involve handling, storage, good analytical process and skill. The data collection methods were used 
for energy consumption monitoring, thermal comfort and in use building operation [1]. Techniques were studied to 
be used to evaluate building performance. It needs to be aware that the occupant behaviour is hard to identify for 
comfort preference in the large variety. The first and prior study on the thermal comfort was using the Predicted 
Mean Vote (PMV) index this analytical model was introduced by Fanger [2]. The Fanger’s PMV model can be 
calculated using two sets of variable that are physical variables (temperature, velocity, mean radiant temperature, 
and relative humidity) and personal variables (clothing insulation and activity level) [3]. The PMV model has been 
widely used and developed by researchers in the field to identify the thermal comfort of human under the micro 
climatic of air condition building. The PMV index indicated a numerical scale that ranges from -3 to +3 in which the 
middle point represents the neutral. Some disagree that the PMV index might not be appropriate to determine the 
thermal comfort for a natural ventilation building thus the adaptive Predicted Mean Vote (aPMV) model was 
introduced and could be called an adaptive model. Parallel model used is the Predicted Percentage of Dissatisfied 
(PPD) [3]. On the contrary, the use of PMV model for the air-conditioned space seems to satisfy with the results of 
field vote [4]. In non-air conditioned space, the published standard ASHRAE 55-2013 can be used to assessing the 
thermal comfort conditions by the analytical model and the adaptive model. The comfort index was predicted base 
on those two models and found that the analytical model was appropriate during air-conditioning operation but not 
for natural ventilation manner. The adaptive model was more suitable with one exception that was not guarantee on 
the mix-mode air conditioning. Another study pointed out from the results of the adaptive model that the temperature 
of 28oC was more preferable than 26oC at the constant airspeed of 0.2 m/s for the natural ventilation aspect [5]. The 
micro climate data taken from the indoor monitoring system can be used to evaluate the thermal comfort. The hourly 
power measurement from the power monitoring system is benefit to energy conservation [6, 7].  

In the current research, the indoor climate data based a monitoring platform was retrieved for the analysis and 
evaluation of thermal comfort in an air conditioned space of an auditorium classroom. Then the Predicted Mean 
Vote (PMV) analytical model was simulated with various types of clothing insulation the occupant wear. The energy 
consumption related to the temperature setting can be identified for the potential of energy saving.   
 
Nomenclature 

M  metabolic rate (W/m2) 
W  effective mechanical power (W/m2) 
Icl  clothing insulation (m2⋅ K/W) 
fcl  clothing surface area factor 
ta  air temperature (°C) 
tr mean radiant temperature (°C) 
var  relative air velocity (m/s) 
pa  water vapour partial pressure (Pa) 
hc  convective heat transfer coefficient (W/m2 ⋅ K) 
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2. Methodology 

The microclimate measurement using temperature and relative humidity sensors was transmitted the data through 
the indoor monitoring system then stored in web server as well as the power monitoring data which display in real 
time on the computer screen and the dashboard on TV. The two monitoring, indoor climate and power consumption, 
were combine and show on the web screen of CCM, climate comfort monitoring [6, 7]. The auditorium classroom 
located in the Physics’s building is selected for the study. It has a volume of 1598.85 m3 and could accommodate for 
nearly 200 persons. This room is normally air conditioned for business as usual in academic activities such as 
lecture, honor guest speaker, seminar courses and meeting for a large number of participants. In order to determine 
the thermal comfort, the PMV model was used to identify the comfortable temperature in an air conditioned room. 
The auditorium classroom SC5-214 at Department of Physics, Naresuan University was designed and installed the 
sensors for indoor climate monitoring as shown in Fig.1 in conjunction with the power monitoring on the platform. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 1. the indoor climate monitoring diagram and the computer for the power monitoring (upper right). 

The predicted mean vote can be written [3] 
 
PMV = 0.303 −0.036 + 0.028 −  − 3.05x10−3x5733 − 6.99 −  −  

− 0.42x −  − 58.15 − 1.7x10−5xMx5867 −   − 0.0014xMx34 − t 
− 3.96x10−8xf xt + 2734 − t + 2734 − f xh xt − t  

           (1) 

 = 35.7 − 0.028x −  −  x3.96x10−8xf xt + 2734 − t + 2734 + f xh xt − t  2 

h = 2.38|t − t |0.25   2.38|t − t |0.25 > 12.1
12.1  2.38|t − t |0.25 < 12.1

    (3) 

f = 1.00 + 1.290I   I ≤ 0.0782. /
1.05 + 0.645I   I > 0.0782. /     (4) 
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