
ESTIMATION OF THERMAL CHARACTERISTICS OF BUILDINGS  

AND ANNUAL THERMAL LOAD BY USE OF SHORT-TERM DATA 

 

Yohei Morita
1
, Tatsuo Nagai

1
, Sumio Shiochi

2
, Hiroyuki Murayama

2
, Yutaka Ikeue

3 

1
 Tokyo University of Science, Tokyo, Japan 

2
 DAIKIN INDUSTRIES, LTD Osaka, Japan 

3
 DAIKIN APPLIED SYSTEMS CO.,LTD, Tokyo, Japan 

 

 

 

ABSTRACT 

An objective of the present study is to propose a 

method to conveniently estimate internal heat gain 

and the heat loss coefficient as thermal 

characteristics of a building. In addition, we report a 

method to easily estimate the thermal heat load 

periodically throughout the year. This study includes 

two parts. One is a proposal of a method to 

distinguish the latent heat load from the sensible heat 

load. The other is a proposal of a method to easily 

estimate the sensible heat load periodically 

throughout the year. 

INTRODUCTION 

Currently, consumption of energy such as electricity 

and gas is evaluated using the amount of energy 

consumed per unit area of the concerned building. 

According to this method, consumption of energy of 

an air-conditioner increases more in buildings with 

higher internal heat gain. Even when a 

high-efficiency air-conditioning system is utilized, 

the building may often be evaluated as an 

energy-inefficient type of building. The amount of 

internal heat gain is typically determined by the 

intended purpose of the building and by the 

conditions of use of equipment, instruments, and 

devices for office automation such as computers.  

Thus, for evaluating energy consumption of an 

air-conditioning system, it is necessary to use an 

energy evaluation method that considers the extent of 

internal heat gain. Similarly, in large buildings in 

which the outer wall area is relatively smaller than 

the floor area, the cooling load throughout the year 

often tends to increase. If the effect of building shape 

is not considered, the building may be erroneously 

evaluated as being extremely energy inefficient in 

case of cooling. Given this background, the present 

study aims to propose a method for conveniently 

estimating internal heat gain and determining the 

heat loss coefficient of a building. The study also 

aims to propose a method, which is not affected by 

equipment, instruments, and devices, to accurately 

identify the thermal characteristics of a building from 

a thermal load perspective. We expect to utilize the 

estimated thermal characteristics of a building for 

realizing measures to reduce energy consumption. 

For example, when a high heat loss coefficient is 

estimated for a building, repairing the exterior wall 

can help curb energy consumption.  

In contrast, if equipment, instruments, and devices 

are to be updated, it often becomes necessary to 

evaluate in advance how much energy consumption 

can be reduced by the updating. In such cases, it is 

necessary to have the annual thermal load data at 

hand; however, it is often difficult to actually 

perform long-term measurements for a building that 

is occupied. In this respect, we report a method to 

easily estimate the sensible and latent heat loads 

periodically throughout the year. There are two types 

of model used for estimating thermal load. In the first 

one, the internal structure of thermal load production  

is disregarded, and the thermal load and data closely 

linked to it are captured empirically. The second 

approach considers that the thermal load is 

fundamental. In this study, we use the former method 

to estimate thermal load. The latter method involves 

estimation of thermal load by using estimated 

weather data results and has two parts. It has an 

advantage in that the thermal load estimates are 

highly accurate in cases in which air-conditioning 

operation is irregular. Yoshida et al. (1997) 

developed a method to estimate metrological data 

based on weather forecasts and to predict thermal 

load for the following day from the perspective of 

rational operation management of a thermal storage 

tank. A number of studies have been reported in this 

field. In the ASHRAE HANDBOOK (2009), a 

method was used to estimate the amount of 

consumed energy from the relationship with external 

air temperature by using the amount of energy 

consume degree-days or temperature when cooling 

and heating operations are changed over. However, 

the estimation method used in this study includes 

estimation of annual sensible heat load using outdoor 

temperature and internal heat gain data if thermal 

load data can be obtained during the operation phase. 

Thus, if it is possible to obtain highly accurate 

estimates, this method is suitable for practical use. 

METHOD AND OBJECT OF THE STUDY 

Rooms in office buildings (Y-building and 

O-building) were considered the objects of this study. 

Fig. 1 shows the plan of the office rooms. Tables 1 

and 2 show the facility outline of these rooms. To 
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evaluate the thermal characteristics of the building 

considering short-term measurement data, one-year 

measured data and simulation data were used as the 

virtual air-conditioning operation data. On the basis 

of these results, the method to estimate thermal 

characteristics was evaluated. The thermal 

characteristics of the building are defined as the heat 

loss coefficient and internal heat gain. A number of 

estimation methods and actual measurement were set 

up. The annual thermal load was estimated using the 

short-term data extracted from a one-year virtual 

air-conditioning operation data. The results of the 

one-year estimates were compared with the virtual 

air-conditioning operation, and the accuracy of the 

estimation was evaluated. 

 

 

 

 

 

 

 

 
 

Fig. 1 Floor plan of Y-building and O-building 

 

Table1. Facility outline of Y-building 

Building 

name 
Y-building Location Osaka(Japan) Use Office 

Ceiling height［mm］ 2600  

Calculated heat loss coefficient［W/m2･K］ East 3.43 West 2.92 

Window area ratio［%］ 

East 31 West 0 South 48 North 41 

Wall Specifications 

Gypsum-board(12.5),rigid urethane foam board (50),Concrete (150) 

Air conditioning system Package  

Air conditioning 

specifications 

Outdoor 

unit 

Rated ability 

cooling/heating［kW］ 
28.0/31.5 

Indoor unit Ceiling ducts(13units) 

 

Table2. Facility outline of O-building 

Building 

name 
O-building Location Tokyo(Japan) Use Office 

Ceiling height［mm］ 2600  

Calculated heat loss coefficient［W/m2･K］ North 3.36 South 3.83 

Window area ratio［%］ 

East 4 West 30 South 29 North 7 

Wall-1 Specifications 

Gypsum-board(12.5),rigid urethane foam board (50),Concrete (150) 

Wall-2 Specifications 

Gypsum-board (9.5+12.5),Cavity, Extruded cement panel (60) 

Air conditioning system Package  

Air conditioning 

specifications 

Outdoor 

Unit 

Rated ability 

cooling/heating［kW］ 
33.5/37.5 

Indoor Unit Ceiling ducts(11units) 

 

 

 

 

 

 

IDENTIFICATION OF THERMAL 

CHARACTERISTICS OF THE BUILDING 

General 

 Fig. 2 is a graphic representation showing the 

sensible heat load on the Y-axis and the temperature 

difference between the outside and the room in the 

building on the X-axis. The inclination of the 

regression expression in this graph represents the 

heat loss coefficient, and the Y-axis corresponds to 

internal heat gain per unit area (Fig. 2). On the basis 

of these characteristics, the heat loss coefficient and 

internal heat gain per unit area were estimated. 

 

 

 

 

 

 

 

 

A: Heat loss coefficient [W/m2･K] 

B: Internal heat gain per unit area [W/m2] 

 

Fig. 2 Physical meaning the inclination of regression 

expression 

Actual data analysis 

The room temperature in the building was not 

measured. Moreover, the total heat load was not 

separated into the latent and the sensible heat loads. 

As shown in Figs. 3 and 4, total heat load is on the 

Y-axis and outdoor temperature is on the X-axis. The 

object of the study was the “Y-building.” Two cases 

are set up: a case in which daily average load was 

obtained; the integrated load per day was divided by 

24 (hours), and an average value was calculated. The 

second case was one in which the results were 

divided by the operation hours. In each of these cases, 

total heat load generally depended on outside 

temperature (Figs. 3 and 4). Furthermore, the heat 

loss coefficient is theoretically the same between 

cooling and heating, and the average 24-hour values 

show these characteristics. (Hereinafter, average 

value in 24 hours is used as the daily average heat 

load.) In addition, Fig. 5 shows the relationship 

between outdoor temperature and the operation hour. 

The increase in the approximation expression is 

different between the cooling and heating sides 

because the data were not influenced by external air 

temperature during the cooling period, and the 

heating and cooling units were operated for a 

constant length of time. 
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Fig. 3 Total heat load averaged       Fig. 4 Total heat load averaged       Fig. 5 Relationship between  
with 24 hours                  with operating hours        operating and outside temperatures 

 
Simulation analysis 

As shown in Fig. 2, sensible heat load depended on 

the temperature difference between the outside and 

the room. However, variability occurred during 

actual measurements, as shown in Fig. 3. Then, a 

simulation experiment was conducted. By changing 

the values of several parameters in the simulation 

one by one, we were able to provide a highly 

accurate estimate of the heat loss coefficient and 

internal heat gain. The object of the experiment was 

the “O-building.” The parameters used were as 

follows: external air temperature, internal heat gain, 

solar radiation, present temperature, air-conditioning 

operation period, and introduced quantity of external 

air (including infiltration) (Table 3). The results of 

the actual internal heat gain measurements in our last 

study (Mamoru, 2010) were used. Fig. 6 shows the 

changes in hourly internal heat gain per unit area. To 

evaluate the estimate of internal heat gain and the 

heat loss coefficient, as shown in Fig. 2, the section 

on the Y-axis and the inclination of the regression 

line determined from the simulation results were 

compared with the daily average internal heat gain 

value used in the simulation. The results of the heat 

loss coefficient in condition 1 are shown in Table 3. 

Table3.Simulation Condition 

C: constant, F: fluctuation 

(*1) : Architectural Inst. of Japan,2005 

(*2) : Volume of introduction air represents the unit of air change rate : [ /h] 

 

 

 

 

 

 

Fig.6 Internal Heat Gain 

 

Fig. 7 shows the estimated results of the heat loss 

coefficient, and Fig. 9 shows the effect of solar 

radiation on sensible heat load. In case of heat loss 

coefficient, the change between conditions 2 and 3 

was caused by the presence or absence of solar 

radiation. Because the amount of solar radiation is 

not related to the inside–outside temperature 

difference, it appears that the variation in the sensible 

heat load increased (Figs. 8 and 9). The change 

between conditions 3 and 4 was caused by the 

change in the quantity of external air introduced into 

the building, and the results are approximately equal 

to the results of the heat loss coefficient calculation. 

Internal heat gain was estimated to be about 90% of 

the calculated value (Fig. 10). 

METHOD TO ESTIMATE ANNUAL 

HEAT LOAD 

Flow chart of the method to estimate annual heat 

load 

Fig. 11 is a flow chart of annual thermal heat load 

estimation. We propose a method to distinguish the 

latent heat load from sensible heat load. We also 

propose a method to estimate annual sensible heat 

load using the short-term data. The following is the 

method for the latter. 

1. Short-term outside temperature and sensible 

heat load data were averaged daily or weekly. 

2. The results were plotted on a scatter chart 

with a regression line. 

3. The annual sensible heat load averaged daily 

or weekly was estimated using this regression line 

and Standard Year Weather Data (Architectural Inst. 

of Japan, 2005). 

4. Sensible heat load data for each hour during a 

one-year period was calculated using these results 

and the distribution ratio (Figs. 12 and 13). 

 

Cooling load was regarded as positive, and heating 

load as negative, and a graph was prepared by taking 

daily (24-hour) average loads, or weekly (168-hour) 

average loads on the Y-axis and average outside air 

temperature on the X-axis.  

 

 

 Condition 
1 2 3 4 5 

Parameters  
Temperature[deg C] C F F F F 

Internal heat gain(*1)[W/m2] － F F F F 
Solar radiation[kJ/h] － － F F F 
Set point 

temperature[deg C] 
Cooling 24 26 26 26 26 
Heating 24 24 24 24 24 

Operating hour[h] 24 8-22 8-22 8-22 
Weekday:8-22 
Holiday: off 

Volume of introduction 
air(*2)[m3/s] 

2 
8-22 in weekday:2 

The others: 0.1 
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Fig. 7 Estimated result of heat loss coefficient              Fig. 8 Multiple Correlation Coefficient 

 

 

 

 

 

 

 

Fig. 9 Effect of solar radiation on sensible heat load    Fig. 10 Estimated result of internal heat gain    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 Flow of the method to estimate annual heat 

load 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Distribution ratio 

 

 Distribution ratio in a day of the week: Dd 

   

Dd = 

 

Distribution ratio in each time: Dt 

 

    Dt= 

 

 

Fig. 13 Expression to calculate distribution ratio 
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Method to distinguish latent heat load from 

sensible heat load 

Air-conditioning load is divided into latent and 

sensible heat loads. However, estimating annual 

thermal heat load is difficult using a single method 

and short-term data. We did not measure temperature 

at the air outlet and inlet of indoor equipment or the 

supply air volume. Hence, in this study, a method to 

estimate latent and sensible heat loads was 

investigated. 

We investigated air-conditioning equipment with a 

DX coil. The methods to distinguish the latent heat 

load from sensible heat load are referred to as 

methods 1 and 2, based on the given conditions 

(Table 4). In Method 1, a state point at the air outlet 

of the indoor equipment (B) was determined by 

evaporation temperature (TE) and a bypass factor. 

Next using the air flow rate and the total heat load of 

the actual measured value, the difference in specific 

enthalpies at the air inlet and air outlet was calculated, 

and the state point of the air inlet for the indoor 

equipment (C) was determined. Finally, the specific 

enthalpy of the state point to distinguish the latent 

heat load from the sensible heat load (D) was 

calculated using absolute humidity at the air outlet of 

the indoor equipment and room temperature. In 

Method 2, absolute humidity at the air inlet (XC) was 

regarded as a variable, and the latent heat load from 

the equipment side was determined. The absolute 

humidity at the air inlet was regarded as room 

humidity, and draft, external air introduction, and 

anthropogenic heat release were assumed to occur. 

Finally, it was assumed that the latent heat loads at 

the equipment and room sides were equal to each 

other, and the room humidity was unknown. Fig. 15 

shows the expression to calculate room humidity in 

Method 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig.14 Definition of each state point  

 

 

 

 

Table.4 Given conditions for calculating the specific 

enthalpy of state points 

 
Supply 

air 

volume 

Indoor 

temperature 

Total 
heat 

load 

Outside 
absolute 

humidity 

Evaporation 

temperature 

Method-1 ○ ○ ○ － ○ 
Method-2 － ○ ○ ○ ○ 

The formula to calculate enthalpy 

                   

Latent heat load as obtained from the equipment side:  
                        

Latent heat load as obtained from the room side: 
                          

 

Fig.15 Expressions to calculate room humidity  

in Method 2 

Case study 

Table 5 shows the details of the case study. The 

object of the experiment was the “Y-building.” 

Estimation method 1 is used to calculate the 

approximation expression from all elements shown at 

the left of Fig. 16 for sensible heat load and to 

prepare the distribution ratio. In contrast, estimation 

method 2 is used to calculate a regression line from 

the sensible load, as generally indicated by the 

approximately constant value throughout the year 

and to prepare the distribution ratio (Fig. 16, right). 

In estimation method 2, the internal heat gain was 

exempted when the calculation on the approximation 

expression and distribution ratio was finally 

determined, and this was regarded as the estimate of 

the sensible heat load during the entire year. Fig. 17 

shows the simulation results for the entire year. The 

conditions in the simulation are described as 

condition 5 in Table 3. 

Table.5 Cases of each content 

 

【Example of the form of writing】 

 Case 1: ① Method 1 ② Daily average ③Jan 1st ④ 6 weeks 

 The form of writing: 1-A-a-6 

 Case 2: ① Method 2 ② Weekly average ③ Jun 25th  

④20 weeks 

 The form of writing: 2-B-f-20 
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Fig.16 Classification of the method to estimate 

 

 

 

 

 

 

 

 

 

Fig.17 Inclination of regression line and peak of 

sensible heat load calculated by using annual 

sensible heat load 

Evaluation of daily and weekly averages and the 

measurement period  

Figs. 18 and 19 show the period of convergence on 

the inclination of the annual regression line. It was 

considered that the closer the inclination of the 

approximation expression (as prepared from the 

short-term measurement values) was to the 

inclination of the annual regression line (Fig. 17), the 

greater is the accuracy of the estimate. When using a 

daily average sensible heat load, by setting the period 

of measurement to about 6 weeks in winter, the 

inclination of the approximation expression 

converges at it in Fig. 17 (Fig. 18). However, when 

an average sensible heat load for 1 week is used or if 

the case regression line was calculated from daily 

average sensible heat load using the measured values 

during summer, it would be necessary to set the 

period of measurement to about 20 weeks. 

 

. 

 

 

 

 

 
 

Fig.18 Heat loss coefficient estimated by use of daily 
average sensible heat load 

 

 

 

 

 

 

 

Fig.19 Heat loss coefficient estimated by use of 
weekly average sensible heat load 

Evaluation of estimation method 1 

Fig. 20 shows the convergence period for the 

simulation result of the annual integrated sensible 

heat load of cooling. When the measurement period 

was summer, the annual integrated sensible heat load 

of cooling was concentrated in the simulation results. 

In addition, Fig. 21 shows the relationship between 

outside temperature during the measurement period 

and annual integrated sensible heat load of cooling. 

However, when winter was the measurement period, 

the accuracy of the estimate decreased for the 

long-term measurements. This may have been caused 

by the difference between the maximum and 

minimum values of the average daily outside 

temperature, which increased during the 

measurement period. There occurs the tendency in 

time series of the sensible heat load and this may 

exert influence on the distribution ratio. In addition, 

the estimation accuracy was confirmed in the case 

where the integrated sensible heat loads were 

concentrated to the simulation result. Figs. 22 and 23 

show this result. By extracting two days arbitrarily 

from the period, which was not assumed to be the 

measurement period, an analysis was made on the 

tendency for the sensible heat load to transition. As 

for the estimation accuracy during the same season 

as the measurement period, the tendency of transition 

of the sensible heat load was determined, but the 

same was not identified in the results of estimates of 

seasonal differences, which was different from the 

measurement period. 

 

 

 

 

 

 

 

Fig.20 Period to converge on simulation result of 

annual integrated sensible heat load of cooling 
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Fig.21 Relationship between outside temperature in 

measurement period and annual integrated sensible heat load 

of cooling 

 

 

 

 

 

 

Fig.22 Estimated result in summer 

 

 

 

 

 

Fig.23 Estimated result in winter 

Evaluation of estimation method 2 

Fig. 24 shows the convergence period for the 

simulation results of the annual integrated sensible 

heat load of cooling. When the measurement period 

was winter, the annual integrated sensible heat load 

of cooling may be concentrated to the simulation 

results. Fig. 25 shows the relationship between 

outside temperature during the measurement period 

and annual integrated sensible heat load of cooling. 

The difference between the maximum and minimum 

values of the average external air temperature in 

estimation method 1 can also be solved by estimation 

method 2. By exempting the internal heat gain from 

the sensible heat load, the tendency of transition of 

the sensible heat load when only the heating load 

occurs, it is possible to identify the tendency of 

transition of the sensible heat load and the 

distribution ratio could be determined using this data. 

Furthermore, two days were arbitrarily extracted, and 

the tendency of transition of the sensible heat load 

was analyzed. Figs. 26 and 27 show the tendencies of 

transition of the sensible heat load. When summer 

was the measurement period, in the results of the 

winter season estimation, positive and negative 

values were present in a mixed manner in the 

distribution ratio on the days when only heating load 

occurs, and both cooling and heating loads may 

occur at the same time. 

 

 

 

 

 

 

 

 

Fig.24 Period to converge on simulation result of 

annual integrated sensible heat load of cooling 

 

 

 

 

 

 

 

 

Fig.25 Relationship between outside temperature in 

measurement period and annual integrated sensible 

heat load of cooling 

 

 

 

 

 

 

 

 

 

Fig.26 Estimated result in summer 

 

 

 

 

 

 

 

 

 

Fig.27 Estimated result in winter 
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CONCLUSION 

An objective of the present study was to propose a 

method to easily estimate internal heat gain and the 

heat loss coefficient as thermal characteristics of a 

building. As a result, we were able to estimate the 

heat loss coefficient and internal heat gain with high 

accuracy.  

Using this method to estimate thermal 

characteristics of a building made it possible to 

evaluate how much energy consumption can be 

reduced after considering the building characteristics, 

because buildings have different characteristics (e.g., 

internal heat gain, the specifics of the exterior wall). 

We also reported a method to easily estimate the 

thermal heat load periodically throughout the year 

using short-term measurement data. This study was 

forms two parts. One is a proposal of the method to 

distinguish the total heat load from the sensible and 

latent heat loads. In this paper, only the method to 

distinguish the latent heat load from sensible heat 

load is described. It is necessary to verify these 

methods by using actual measurement data.  

The other part is a proposal of the method to easily 

estimate the sensible heat load periodically 

throughout the year using simulation. The parameters 

used were the method to estimate, measurement 

period, and the start date of the measurement.  

The method to estimate annual latent heat load is 

controversial. But, it is possible to estimate  

air-conditioning load circumstantially by using this 

method for estimating annual sensible heat load and 

distinguishing latent heat load from sensible heat 

load. Herewith, it may be possible to easily obtain 

air-conditioning load by using the consumption of 

energy by desiccant HVAC systems. 
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NOMENCLATURE 

h: Enthalpy [kJ/kg(DA)] 

Ca: Specific heat at constant pressure in dry air (=1.006) 

[kJ/kg•K] 

T: Temperature [°C] 

X: Absolute humidity [kg/kg (DA)] 

rw: Vaporization heat of water at 0 °C (=2500) [kJ/kg] 

qt: Total heat load [kW] 

ra: Vaporization heat of air (=2500) [kJ/kg] 

G: Draft [kg/s] 

ρ: Density of air (=1.205) [kg/m3] 

Q: Volume of air introduction [m3/s] 

Xo: Outside absolute humidity [kg/kg (DA)] 

Xi: Room absolute humidity [kg/kg (DA)] 

n: Number of people in the room [number] 

HL: Heat release from human body [kW/person] 
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