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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 

This paper studies the applicability of the intermittent operation of air-conditioners in residential building demand 
response (DR). Firstly, the thermal inertial model of the building is established based on the dynamic heat transfer 
theory and verified by the experimental platform; then, based on the validated thermal inertial model of the building, 
the power demand change of intermittent operation of a residential air conditioner is simulated; because intermittent 
operation of an air-conditioner cannot achieve a smooth reduction of power demand, this article studies a group of 
residential building further   and evaluates the DR effect of multiple air-conditioners interacting with each other. The 
study found that by use of the thermal inertia of the building, intermittent operation of air conditioners can maintain 
the indoor temperature within a certain range while achieving temporary reduction in electricity demand; through 
the cooperation between multiple air conditioners, the long-term stable reduction can be achieved under the premise 
of guaranteeing the temperature of the air-conditioned rooms. 
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fur ,effA  effective area of furniture, m2 
fur ,calC  calculated heat capacity of furniture, kW/K 

c  specific heat, kJ/kgK 
L  size dimension, m 
m  mass, m 
Q  heat quantity, kW 
T  temperature, K 

aveT  average temperature of indoor partition surfaces, K 
out solarT   comprehensive temperature, K 

t  time, s 
V  volume,m3 
  heat transfer coefficient, kW/m2K 
  ratio of absorbed heat to the whole solar radiation 
  ratio of effective area to calculated area 
  ratio of absorbed heat to the whole heat source radiation 
  heat conductivity coefficient, kW/mK 
  density, kg/m3 
  thickness, m 

Subscripts 
AC air conditioning 
a indoor air 
conv convention 
env envelop 
fur furniture 
i inside surface 
IN indoor heat source 
o outside surface  
par partition 
rad radiation  

1. Introduction 

With the steady growth of the national economy, the supply and demand of electricity in China is also increasing 
(Fig. 1) [1]. However, the utilization of power generation equipment is declining (Fig. 2) [2]. This shows that more 
and more power generation equipment is built to meet the needs of peak hours, and is idle in peacetime. And 
although the power generation equipment continues to be increased, the power shortage caused by high temperatures 
in the summer has always existed. As in the past 2017, affected by the continuous high temperature in the summer, 
power shortages have occurred in North China [3]. Obviously, expanding the supply side blindly will not only solve 
the contradiction between power supply and demand, but also cause more problems. Demand Response (DR) starts 
from the demand side and changes the user's power demand through regulation and control. In recent years, DR has 
attracted the attention of China and related policy support has been issued [4][5]. 

As one of the important users of DR, residences participated in pilot experiments in Shanghai, Beijing, and 
Suzhou [6]. The main energy-using equipment for residential buildings includes air conditioners, lighting, washing 
machines and water heaters [7]. This study focuses on the regulation of air-conditioning, because on the one hand 
the air-conditioning power consumption accounted for a large part in residential buildings power consumption, and 
air-conditioning power consumption speak caused by the high temperature in the summer is an important reason for 
the city's power shortage [8]. 

Research [9] pointed out that building thermal inertia has the effect of stabilizing room temperature. Therefore, a 
residential building can achieve intermittent operation of air conditioning by utilizing the thermal inertia of the 
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building, and temporarily reduce the power demand without affecting the thermal comfort of the building. This 
article will study the changes in the power demand of individual air conditioners for intermittent operation, and 
evaluate the effect of the DR of multiple air conditioning intermittent operations. 
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2. Establishment and Validation of Buildings Thermal Inertial Models 

2.1. The Build of Building Thermal Inertia Model 

Controlling air-conditioning in the DR will cause changes in the amount of cooling to the room, and changes in 
the outdoor parameters will also cause changes in the heat transfer of the building envelope to the room (Fig. 3). The 
dynamic heat balance of indoor air is shown in Eq.(1). 

 

Fig. 3. Indoor air dynamic heat balance diagram 
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The dynamic heat transfer process and the equations of the thermal inertia model for the building envelope, 
internal structure, and furniture are shown in Table 1. 

2.2. Experimental Validation of Building Thermal Inertia Model 

The experimental platform for this study is shown in Fig. 4. Room 2 is the test room for this study. The envelope 
consists of colour steel plate and fireproof rock wool material. The net height of the room is 3.24m, the net length is 
4.61m in the north-south direction, and the net length is 3.23 m in the east-west direction. In the experiment, a 
number of sofas, tables, chairs and other furniture were added to the room 2, and the building model was verified. 
The results are shown in Fig. 5. The maximum deviation of the predicted temperature was 0.48 C, and the root 
mean square error (RMSE) was 0.35 C. The results showed that the established building thermal inertia model has 
certain accuracy and can be used to predict the change of indoor air temperature when the internal and external 
disturbance changes (e.g. the DR period). 
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Table 1. Building Thermal Inertia Model 

envelope internal structure furniture[10] 
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Fig.4.  Platform Fig.5. Experimental validation results 

3. Analysis of DR Effect of Air Conditioning Intermittent Operation 

3.1. Setting of model 

Based on the thermal inertial model of the building, a simulation analysis of the DR of a residential living room 
air conditioner) was conducted (Fig. 6, Table 2). It is assumed that the air conditioner in the living room was 
running all the time, and a DR event occurred during 13:0015:00. Room temperature is set at 25C in normal time, 
and 28C is the upper limit. 



 Weilin Li et al. / Energy Procedia 158 (2019) 2902–2908 2905
 Weilin Li, Liu Yang/ Energy Procedia 00 (2018) 000–000  3 

building, and temporarily reduce the power demand without affecting the thermal comfort of the building. This 
article will study the changes in the power demand of individual air conditioners for intermittent operation, and 
evaluate the effect of the DR of multiple air conditioning intermittent operations. 
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3. Analysis of DR Effect of Air Conditioning Intermittent Operation 

3.1. Setting of model 

Based on the thermal inertial model of the building, a simulation analysis of the DR of a residential living room 
air conditioner) was conducted (Fig. 6, Table 2). It is assumed that the air conditioner in the living room was 
running all the time, and a DR event occurred during 13:0015:00. Room temperature is set at 25C in normal time, 
and 28C is the upper limit. 
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3.2. Simulation results 

The room temperature simulation results (Fig. 7 (a)) showed that due to the thermal inertia of the building, when 
the air conditioning was switched off after 35 minutes, the room temperature became to 28.12C which exceeded the 
upper limit and the air conditioning was turned on again. After air conditioner is shut down again at 14:30, the 
indoor temperature exceeds the upper limit set at 15:00 for the second time, reaching 28.01C. 

The air conditioning energy consumption simulation results (Fig. 7(b)) show that the air conditioner power drops 
to zero during the shutdown. However, because the air conditioner needs to be restarted when the room temperature 
exceeds the comfort upper limit, the building electricity consumption reduction is intermittent. 

 

00:00 06:00 12:00 18:00 24:00
24

25

26

27

28

29

Te
m

p(
o C

)

 
(a) room temperature 

00:00 06:00 12:00 18:00 24:00
0.0

0.5

1.0

1.5

2.0
Po

w
er

(k
W

)

 
(b) air conditioner power 

Fig.6. A house plan (layout A) Fig.7. DR effect of intermittent operation of a single air conditioner 

Table 2. Basic parameters of a residential living room-layout A/B 

object structure :material, thickness-mm，area m2 furnish: material mass kg Air-conditioner Interior heat source 

Living 
room 

Exterior wall: cement mortar-20+ extruded polystyrene 
board-80+ aerated concrete block-200+ cement mortar-20 

A:10 m2 /B:7 m2 

Outer window: aluminum alloy low-emissivity insulating 
glass window-5+air-12+ low-emissivity insulating glass 
window -5 

A: 4 m2 /B:4 m2 

Interior wall: cement mortar-20+ aerated concrete block-
200+ thermal insulation mortar-20 

A: 65 m2 /B:46 m2 

Floor: cement mortar-20.0+reinforced concrete-180+cement 
mortar-20 

A: 38 m2 /B:29 m2 

Sofa : wood 

A:250kg /B:180kg 

TV cabinet :wood 

A: 60kg /B:40kg 

Cabinets :plywood 

A: 40kg /B:30kg 

Tables and chairs :Rubber 
wood 

A: 80kg /B:60kg 

Cooling 
capacity: 
6500w/5000w 

EER: 3.3/3.3 

Rated 
power:1970W/1
515W 

persons 2/1 

TV 1/1 

Refrigerator 1/1 

Led light 6/3 

4. DR effect of multi-residential cooperation 

In the actual DR, the amount of reductions done by the user needs to maintain a certain degree of stability. A 
residential building is now used as an object to analyze the DR effect of multiple residential buildings 

The residential building has 20 floors, with 4 houses per floor, divided into two types, A and B (Fig. 8, Table 2). 
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In order not to affect the thermal comfort of the room, a single air conditioner will be closed for 30 minutes in a 
single session. During the demand response period, the air conditioning with 4 (or multiples of 4) similar power is 
used as a group for wheel stop, and continuous reduction between 13:0015:00 can be realized. At the same time, it 
is not necessary to repeat start-stop air-conditioning for individual houses. The condition in which all the residences 
of the building participate in the demand response is simulated. The effect of the demand response that can be 
achieved through the coordinated rotation between different residences is shown in Fig.9. 
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5. Conclusion 

In this study, a dynamic model group describing the thermal inertia of buildings was established. The accuracy of 
the entire model was verified by building a test platform. The verification results show that the model can relatively 
accurately simulate the dynamic change of indoor temperature, and it can be used as the basis for analysis of DR of 
residential buildings. 

Based on this model, the DR effect of one house air conditioning start-stop control was analyzed. The results 
show that by using the thermal inertia of the building, it can be ensured that the room temperature does not exceed 
the set upper limit within a short time after the air conditioner is turned off. And through the cooperation between 
multiple intermittent operations of air conditioners, it is possible to achieve stable reduction for a relative long 
period of time while ensuring the temperature of a single air-conditioned room. 
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3.2. Simulation results 

The room temperature simulation results (Fig. 7 (a)) showed that due to the thermal inertia of the building, when 
the air conditioning was switched off after 35 minutes, the room temperature became to 28.12C which exceeded the 
upper limit and the air conditioning was turned on again. After air conditioner is shut down again at 14:30, the 
indoor temperature exceeds the upper limit set at 15:00 for the second time, reaching 28.01C. 

The air conditioning energy consumption simulation results (Fig. 7(b)) show that the air conditioner power drops 
to zero during the shutdown. However, because the air conditioner needs to be restarted when the room temperature 
exceeds the comfort upper limit, the building electricity consumption reduction is intermittent. 
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Fig.6. A house plan (layout A) Fig.7. DR effect of intermittent operation of a single air conditioner 

Table 2. Basic parameters of a residential living room-layout A/B 

object structure :material, thickness-mm，area m2 furnish: material mass kg Air-conditioner Interior heat source 

Living 
room 

Exterior wall: cement mortar-20+ extruded polystyrene 
board-80+ aerated concrete block-200+ cement mortar-20 

A:10 m2 /B:7 m2 

Outer window: aluminum alloy low-emissivity insulating 
glass window-5+air-12+ low-emissivity insulating glass 
window -5 

A: 4 m2 /B:4 m2 

Interior wall: cement mortar-20+ aerated concrete block-
200+ thermal insulation mortar-20 

A: 65 m2 /B:46 m2 

Floor: cement mortar-20.0+reinforced concrete-180+cement 
mortar-20 

A: 38 m2 /B:29 m2 

Sofa : wood 

A:250kg /B:180kg 

TV cabinet :wood 

A: 60kg /B:40kg 

Cabinets :plywood 

A: 40kg /B:30kg 

Tables and chairs :Rubber 
wood 

A: 80kg /B:60kg 

Cooling 
capacity: 
6500w/5000w 

EER: 3.3/3.3 

Rated 
power:1970W/1
515W 

persons 2/1 

TV 1/1 

Refrigerator 1/1 

Led light 6/3 

4. DR effect of multi-residential cooperation 

In the actual DR, the amount of reductions done by the user needs to maintain a certain degree of stability. A 
residential building is now used as an object to analyze the DR effect of multiple residential buildings 

The residential building has 20 floors, with 4 houses per floor, divided into two types, A and B (Fig. 8, Table 2). 
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In order not to affect the thermal comfort of the room, a single air conditioner will be closed for 30 minutes in a 
single session. During the demand response period, the air conditioning with 4 (or multiples of 4) similar power is 
used as a group for wheel stop, and continuous reduction between 13:0015:00 can be realized. At the same time, it 
is not necessary to repeat start-stop air-conditioning for individual houses. The condition in which all the residences 
of the building participate in the demand response is simulated. The effect of the demand response that can be 
achieved through the coordinated rotation between different residences is shown in Fig.9. 
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5. Conclusion 

In this study, a dynamic model group describing the thermal inertia of buildings was established. The accuracy of 
the entire model was verified by building a test platform. The verification results show that the model can relatively 
accurately simulate the dynamic change of indoor temperature, and it can be used as the basis for analysis of DR of 
residential buildings. 

Based on this model, the DR effect of one house air conditioning start-stop control was analyzed. The results 
show that by using the thermal inertia of the building, it can be ensured that the room temperature does not exceed 
the set upper limit within a short time after the air conditioner is turned off. And through the cooperation between 
multiple intermittent operations of air conditioners, it is possible to achieve stable reduction for a relative long 
period of time while ensuring the temperature of a single air-conditioned room. 
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