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Abstract: Nowadays energy and environmental issues are the major social problems many countries in the 
world are facing. Building energy saving is an important way to solve the energy problems. This article takes a 
typical energy-saving residence in Harbin city for example. It makes an analytical study on the building’s 
heating energy consumption using energy consumption simulation software-EnergyPlus. This article gives the 
effect of different insulation thickness and layer numbers of window glass on heating energy consumption 
index, and it modifies the computational results of EnergyPlus simulation software by the comparison between 
energy consumption practical testing and simulation in project. Copyright © 2013 IFSA. 
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1. Introduction 

 
China, whose annual energy consumption is only 

after the USA, is a country with large energy 
consumption. Energy issue is one of the most 
significant subjects, which needs to solve in urgent. 
At present, the growth rate of energy production lags 
far behind the growth of economy, which is about 
3.6 %. With the development of economic 
construction, energy supply will be tighter. The rapid 
increase of building energy consumption is the major 
factor of rapid increase of Nationwide’s total energy 
use in recent years. Therefore building energy saving 
plays an important role in energy saving work. 
Building energy saving is of great importance to 
energy saving, improvement of survival environment 
and achievement of sustainable development. 

The development of building energy consumption 
can be roughly divided into the following stages. 
Stage one: in 1911, Carrier published reasonable 
formulae of temperature & humidity and theory of 
adiabatic saturation. These formulae, thermometer 

and hygrometer became the foundation of modern 
air-conditioning. But not until the 1940s, in the 
research of the process of internal heat and 
calculation of air-conditioning for keeping indoor 
thermally environment comfortable didn’t distinguish 
room heat gain and room cooling load. This stage is 
also called stable heat transfer calculation period. 
Stage two: in 1946, C. O. Mackey and L. T. Wright 
in the USA brought up the concept of synthetical 
temperature and published the method of equivalent 
temperature difference. These are the symbols of 
starting the second stage-quasi steady heat transfer 
calculation period. They used outdoor temperature 
and Fourier series expansion of solar load as 
boundary conditions of walls’ thermal conductivity 
equation to get capacity of heat transmission. And 
then they used stable heat transfer form to simplify 
the answer. At last they got the concept of synthetical 
temperature, in addition to calculate load. Stage 
three: since then until now, is the dynamic load 
calculation period. In 1967 response factor method 
was punished, which was accepted by ASHRAE at 
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once. In 1971, D. G. Stephenson and G. P. Mitala [1] 
used Z transfer function to improve response factor 
method and gave birth to cooling load factor method 
which is suitable for hand computation. 

At present, there are lots of ways to analyze 
building energy consumption. According to the basis 
of mathematical models, we can divide the 
calculation methods into two types: one is static 
energy consumption analysis based on the foundation 
of stable heat transfer theory, the other is dynamic 
energy consumption simulation method based on the 
foundation of unstable heat transfer theory. 

The basic principle of static energy consumption 
analysis is using stable heat transfer theory to 
calculate heat consumption in all heating periods or 
every ten days or every month during heating periods 
ignoring enclosure structure’s thermal storage effect. 
Ways to analyze static energy consumption are 
mainly listed below: in method, degree-day method, 
equivalent full load hours method, effective heat 
transfer coefficient method. 

Dynamic energy consumption simulation method 
uses dynamic algorithm to simulate the dynamic 
change of building space load under the condition of 
the varying outdoor meteorological parameters. Now 
Dynamic energy consumption algorithms being used 
regularly are listed below: response factor 
method/transfer function method, harmonic reaction 
method, finite element-difference method and so on. 

The advantage of static method is simple to 
implement. For a general project design, we only 
need to know the whole building’s or unit building 
area’s heat consumption in a heating period in 
ignorance of heat consumption’s specific variation 
over time. Therefore it is widely used in practical 
engineering sector. However the biggest deficiency 
of static method is that it always leads errors to 
calculation answers due to little well-considered 
factors. While the advantage of dynamic simulation 
method is that it gives fairly accurate answers due to 
more contributory factors considered. In particular, 
the modern energy-saving buildings’ coming into 
being makes dynamic energy consumption simulation 
method based on computer science become more and 
more important. Nevertheless we consider using 
dynamic energy consumption simulation method only 
when we have the specific conditions of heat 
consumption over time. 

Development and application of computer 
provide the possibility for dynamic building energy 
consumption’s accurate calculation. Using computer 
simulation method to analyze building consumption 
is being widely accepted abroad. Among the building 
consumption analysis softwares, these are well 
known for us: DOE-2 designed by Americans, DeST 
by Tsinghua University, HASP designed by 
Japanese. Apart from that, many researchers 
developed programs by themselves. 

EnergyPlus is developed by U. S. Army 
Construction Engineering Research Laboratory, 
LBNL, Oklahoma State University, University of 
Illinois and some other companies with the support of 

the United States Department of Energy. It is based 
on BLAST and DOE-2, which combines the 
advantages of both as well as some new features. At 
the same time, it has improved significantly in 
computing technology, and program structure. 
EnergyPlus uses fortran 90 as the programming 
language. Its structuring, modularization and 
formalization also make it much easier to maintain, 
update, and expand. It is based on unstable heat 
transfer principle and it uses response factor method 
to calculate the building’s dynamic load. 

EnergyPlus uses CTF (conduction transfer 
function) to calculate wall heat transfer and uses heat 
balance method to calculate load. CTF is a kind of 
response factor method essentially. But its calculation 
is more accurate for it is based on walls’ inner 
surface temperature not the same as the general 
response factor method based on indoor air 
temperature. Heat balance method is the accurate 
solution to the heat balance equations of indoor air, 
and the inside and outside of the enclosure structure. 
It breaks out the limitation of transfer function 
method. For surface heat transfer coefficient and 
solar heat gain can change with the time. In every 
time step, the program begins to calculate the 
convection, radiation and moisture transfer from 
inside the building. For it calculates walls’ inner 
surface temperature, it can simulate radiar heating 
and cooling system, and it can also evaluate  
thermal comfort. 

In recent years, EnergyPlus has been widely used. 
The author [2] makes a simulation and analysis to 
residences’ enclosure structure in Guangzhou. The 
paper [3] focuses on architectural consumption 
calculation method used by architects in hot summer 
and warm winter zone. Literature [4, 5, 6] use 
EnergyPlus to design the control strategy of large 
naturally ventilated office building, and it also carries 
out energy consumption simulation to the new 
government buildings in San Francisco. The authors 
[7, 8] introduces EnergyPlus and uses it to evaluate 
quality of building, utilization rate of electrical 
energy, season, position, economic operation and to 
control the equipment’s architectural mass and 
thermal comfort. The author [9] gives a simple way 
to calculate residence energy consumption so that the 
architect can make a consumption analysis and 
optimization adjustment. And it also introduces 
building energy consumption analysis and 
optimization software - Becasoft. 

This article takes a typical energy-saving 
residence in Harbin city for example. It makes an 
analytical study of the building’s heating energy 
consumption using EnergyPlus software of energy 
consumption simulation. The paper gives the effect 
of different insulation thickness and layer numbers of 
window glass on heating energy consumption index, 
and it modifies the computational results of 
EnergyPlus simulation software by the comparison 
between energy consumption testing and energy 
consumption simulation in practical project. 
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2. Mathematical Models  
 
2.1. Transfer Function of Wall Body’s  

Thermal Conductivity 
 

Mathematical model of wall body’s thermal 
conductivity is the foundation of EnergyPlus. Walls 
are as the most closely part contacted with outside 
environment. So to calculate wall thermal system’s 
unstable transfer heat correctly under any disturbance 
functions is the key to building energy consumption. 
Analyzing building enclosure structure especially 
dynamic thermal characteristics in an unsteady state 
usually uses response factor method. 

As response factor‘s attenuation is fast, 
EnergyPlus uses heat conduction transfer function 
instead of traditional response factor method, the 
fundamental equations are as below: 

 

0 0 0

( ) ( ) ( ) ( ) ( ) ( ) ( )
nq nq nq

in out in in
j j j
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Heat through the outside of enclosure structure at 
time n is: 
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In this equation, ( )jφ  is the CTF coefficient,  
j = 0, 1, … nq. 
 
 
2.2. Calculation of CTF 
 

The fundamental way to calculate CTF is based 
on as below: firstly use state space principle in 
Modern Control Theory to get matrix equation of 
wall body’s heat conduction according to finite-
difference theory, then calculate response factor by a 
series of matrix multiplication. We can get state 
space equation by two matrix equation below: 

 
[ ] [ ][ ] [ ][ ]

[ ] [ ][ ] [ ][ ]

d x
A x B u

dt
y C x D u

= +

= + , 

(3) 

 
where x is the state vector; u is the input vector; y is 

the output vector; t is the time; [ ]d x
dt

 is the 

derivative of X on time; A is the state matrix; B is the 
input matrix, C is the output matrix, D is the direct 
matrix. 

By Combining and solving these two state space 
equations, it can eliminate intermediate variable x, 
output vector y and input vector x only matters with 
time t. 

To heat transfer of wall body’s multilayer 
homogeneous thermal system, we can get 
instantaneous heat conduction equation by finite 

difference scheme to different layers of building 
material. In this case, node temperature is state 
variable, ambient temperature (inside and outside) is 
input variable, heat flux in different layer is output 
outcome. Therefore, state space expression and finite 
difference variable can be represented by the 
following form 
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(4) 

 
where 1T … 1nT −  is the node temperature of finite 

difference; Tο , nT  is the ambient temperature (inside 

and outside), iq ′′ , qο′′  is the heat flux(inside and 
outside), n is the number of nodes. 
 
 
3. Simulation Result 
 
3.1. Introductions to the Building 
 

In order to do research on heating energy 
consumption’s characteristics and rules in severe cold 
district, this article takes a typical energy-saving 
residence in Harbin city for example. This six-storey 
residential building in Harbin has four shared 
external door, two households share one staircase. All 
are South-North orientations. There are 8 units from 
east to west. In all there are 48 households without 
basement. Building area is 4722 m2, usable floor area 
is 3720 m2, building shape coefficient is 0.28, 
external wall of the enclosure structure is EPS 
insulation wall. Window is PVC casement. It meets 
national requirements of energy-saving buildings’ 
thermal performance. In this model, windows use 
3 mm plate glass. When incident angle is 0, 
transmittance is 0.81, absorptivity is 0.12, reflectivity 
is 0.072, thermal conductivity is 0.76 W/m·K. The 
other thermal parameters are taken as  
practical project. 

 
 

3.2. Study on the Simulation 
 
3.2.1. Effect of Different Insulation Thickness 

and Layer Numbers of Window Glass 
on Heating Energy Consumption Index 

 
Take the energy-saving building as an example, in 

order to simulate the influence of different insulation 
thickness and layer numbers of window glass on 
heating energy consumption index in the case of 
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enclosure structure using external insulation complex 
wall and plastic steel windows. According to the 
results of the simulation calculations, we can come to 
the result below respectively: Harbin’s weather 
conditions, the energy-saving building’s average 
heating energy index under different insulation 
thickness and layer numbers of window glass in 
heating period. Simulation results are shown  
in Table 1. 

From consumption simulation, for cold region, it 
is more necessary to increase the thickness of the 
insulation layer from 60 mm to 80 mm than from 
80 mm to 100 mm. The former reduces the effect of 

heating energy consumption index obviously. So 
80 mm is a more realistic insulating layer thickness 
for composite wall. After raising the double panes to 
triple panes under the circumstances of keeping the 
same insulation thickness of the composite wall, 
heating consumption index decrease significantly.  
It has 30 % reduction (insulation thickness is 
80 mm), 28 %(insulation thickness is 100 mm). 
While increasing the thickness of the insulation layer 
from 80 mm to 100 mm, heating consumption index 
reduce inapparently. It has 0.5 % reduction (double 
panes window), 4 % reduction (triple panes window). 

 
 

Table 1. Building heating load index to different insulation thickness of exposed wall. 
 

Insulation thickness Enclosure structure 60 mm 70 mm 80 mm 90 mm 100 mm 
Double panes external 
window building 
consumption index W/m2 

15.9 15.2 14.3 14.3 14.2 

Triple panes external 
window building 
consumption index W/m2 

10.8 15.4 10.3 10.1 9.9 

 
 
 
This shows with the increasing demands on 

energy-efficient building’s enclosure structure, the 
proportion of heating energy consumption of 
buildings caused by the composite wall heat transfer 
gradually reduced. The heating energy consumption 
caused by corresponding external window gradually 
increase in the proportion of heat transfer. At the 
same time, as people’s increasing demand of 
aesthetic perspective and lighting requirements, the 
external window’s building area is expanding, it is 
not very important to only depend on improving 
thermal insulation property of composite wall. In that 
case, it is more important to improve thermal 
insulation property of external window. According to 
the simulation, in the process of determining this 
building’s external enclosure structure, the external 
heat insulating composite wall determined to use, 
except for  using 100 mm thick insulation layer at the 
Bottom of the building, other places use 80 mm thick 
insulation layer. External windows to south adopt to 
double panes, to north adopt to triple panes. 
Therefore it not only confirms the south room’s 
thermal insulation, but also makes sure south rooms’ 
solar heat gain in winter. 

 
 

3.2.2. Comparison and Analysis of Practical 
Engineering Test and Simulation  
of Energy Consumption 

 
Table 2 gives the comparison between the index 

of heating consumption in simulation and test, which 
shows the difference of 26.9 % between them. The 
reasons why make it different are as below: 

1) There are only small partitions in the model for 

simulation of building’s shape, and it simplifies the 
consideration on internal enclosure structure and 
exterior balcony, so it leads to simulation of  
lower value. 

2) Weather condition is different, although there 
is a little difference, about 3.7 %, between the 
outdoor average temperature. Simulation of indoor 
and outdoor average temperature difference is 
24.7 oC while actually there is 25.6 oC. Not only 
there is difference between simulation and actual 
weather conditions, measurement of indoor 
temperature is a little bit higher (temperature control 
is not accurate, big impact of solar radiation) also 
leads to the actual index of heating consumption is 
higher. 

3) This building uses low-temperature radiant 
electric film heating system; wall temperature is 
higher than the other irradiation heating system, so 
there is a big difference on Heat transfer temperature 
and higher heating energy consumption. 

4) Consideration on heat bridge, because the 
shortcomings of EnergyPlus, that is to say, it doesn’t 
fully consider the actual impact of heat bridge, which 
causes the low analog value. 
 
 
Table 2. Comparison between heating consumption index. 

 

Name 
Practical 

engineering 
testing 

Simulation Difference 

Heating 
consumption 
index W/m2 

17.1 12.5 26.9 % 
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3.2.3. Use Experimental Data to Modify 
EnergyPlus’s Application 

 
To use experimental data to modify EnergyPlus 

simulation results, on one hand, it can ensure that the 
energy consumption simulation tally with real 
situation, on the other hand, it can improve 
application of EnergyPlus. There is a certain 
difference between simulation and measurement in 
energy consumption test to composite wall. Table 3 
shows the comparison between measurement of 
composite wall and simulation. In thermal 
parameters of different layer of composite wall, we 
can notice that, insulation thickness and thermal 
conductivity have a big influence on thermal 
parameters. While in the practical project, 
construction and utilization cause insulation thermal 
conductivity is higher than theoretically. Taking the 
above mentioned factors into consideration, we need 
to work out how to modify coefficient of insulation 
layer’s thermal conductivity in order to ensure that 
the energy consumption simulation tally with real 
situation. Firstly we need to simulate and evaluate 
coefficient of thermal conductivity. This paper 
through continuous difference simulation, when 
increase the coefficient of insulation layer’s thermal 
conductivity from 0.042 W/m·K to 0.046 W/m·K, 
that is 10 % correction for the coefficient, coefficient 
of thermal conductivity to composite wall and to 
simulation situation are nearly the same. Table 4 
shows  
the result. 

 
 

Table 3. Simulation results of actual 
Measurement of wall heat transfer coefficient. 

 

Name of 
composite 

wall 

Insulation 
thickness 

mm 

Actual 
Measurement of 

heat transfer 
coefficient W/m2.

oC 

Simulated 
Measurement of 

heat transfer 
coefficient W/m2.

oC 
EPS external 
insulation 
wall1 

8 0.55 0.42 

EPS external 
insulation 
wall 2 

10 0.50 0.37 

 
 

Table 4. Simulation results of actual 
Measurement of wall heat transfer coefficient. 

 

Name 

Actual 
Measurement of 

thermal 
conductivity 
coefficient 

Simulated 
Measurement of 

thermal 
conductivity 
coefficient 

EPS 
external 
insulation 
wall 1 

0.545 0.549 

EPS 
external 
insulation 
wall 2 

0.499 0.500 

After modification, heating energy consumption 
index increase from the previous 12.5W/m2 to 
13.1 W/m2, 4.8 % increase make it closer to actual 
Measurement of heat transfer coefficient. Heat bridge 
is the main factor to the difference. So it becomes the 
main problem to overcome when using EnergyPlus. 
The existence of heat bridge is the main reason to the 
difference between the actual measurement and 
simulation. We can make the simulation closer to 
actual measurement of heat transfer coefficient by 
making the additional heat loss caused by heat bridge 
clear, according to the analysis and experimental 
result in the paper [10], we can know the heat bridge 
in terms of composite wall’s energy consumption 
index and the percentage in the whole consumption 
index, for severe cold region this percentage is 
19.5 % to 24.5 %. Therefore, for the difference 
between the actual measurement and simulation 
made by EnergyPlus, we modify the simulation 
results in accordance with heat bridge additional 
considerations and preliminary ascertain the 
correction value is 22 %. That is to say, on the basis 
of the index of heating consumption 13.16 W/m2 
after amendment of coefficient of insulation thermal 
conductivity, we need to continue to amend 
3.75 W/m2 as heat bridge additional heat 
consumption, so the index of heating consumption 
after amendment is 16.91 W/m2, which is near to the 
practical measurement. To this consumption test, we 
take 22 % as the reference value to modify the index 
of heating consumption in severe cold region. In that 
case, when we use EnergyPlus to simulate energy-
saving building’s consumption in future, through the 
above amendment, we can make it closer to the 
practical project.  

 
 

4. Conclusions  
 

This article takes a typical energy-saving 
residence in Harbin city for example. It makes an 
analytical study on the building’s heating energy 
consumption using energy consumption simulation 
software - EnergyPlus. Thermal parameters are from 
practical project. According to simulation results, the 
article gives the effect of different insulation 
thickness and layer numbers of window glass on 
heating energy consumption index, and it modifies 
the computational results, it has a certain reference 
value to the application of EnergyPlus. 
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