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SUMMARY: (Style: Summary Heading) 

The modeling of energy balances for buildings is a main task in building physics and a key issue in 

analyzing and developing new low energy buildings. On the market there exist many different 

calculation tools. They all have both benefits and draw backs in different cases. As a user it could be 

difficult to choose the most suitably tool.  

In this paper a commercial energy calculation tool (VIP-Energy) is compared with the relative new 

methodology called DTN (Dynamic Thermal Networks). DTN is developed by Johan Claesson at 

Chalmers. The methodology is based on response functions which gives a very illustrative picture of a 

buildings thermal behavior. VIP-Energy is a commonly used simulation tool by consultants and 

designers in Sweden. VIP-Energy handle full dynamic energy balances with HVAC-systems (heat- 

ventilation- cooling systems). 

The comparison is made in the following areas: 

• Accounting of thermal mass 

• Handling long and short time scales 

• Influence from HVAC-systems 

The aim of this work is to find the most suitably tool to evaluate benefits of heavy thermal mass 

buildings and be able to make optimization in the construction in order to reach even more benefits of 

the mass. The considered benefits are; indoor temperature, low energy consumption and low installed 

power.  

An early study shows that a combination of the two calculation tools is a good choice. The DTN 

methodology is to prefer to make detailed analyses and optimizations and the VIP-Energy is to prefer 

when analyze the complete energy balance including HVAC. 

1. Introduction  

Lowering the energy use has not only been an issue of the consumer for a long time. Nowadays 

utilization of the building structure in combination with adapted HVAC systems can increase the 

energy efficiency a lot. Buildings with high thermal inertia decrease the power peaks and moves the 

power demand in time. This is an important part to imply into smart energy systems. This combination 

can in the future be optimised by right operation of systems for heating, cooling and energy 

consumption.  

Good energy calculation tools are necessary to individually optimise buildings for sustainable and 

best possible energy utilization. In order to generate an energy balance for buildings, different 

simulation models exist which are based on either steady state or dynamic conditions. When using 

these models it is important that the chosen method is reliable. Kalema et al. (2008) have done a 

comparison of in total 7 different tools to calculate energy balances in buildings. The focus was on 



 

 

 

 

analysing effects of thermal mass on cooling and heating energy. They found that the different results 

between the methods are mainly caused by different input data instead of differences between various 

calculation methods.  

Within the Cerbof 2 project (Wadsö et al., 2012) different studies were done amongst others on 

optimising energy efficiency by utilizing heavy thermal mass buildings in combination with different 

operation conditions of HVAC systems. Two different calculation tools were used during these 

studies. VIP-Energy and is a dynamic method which is developed as a user-friendly, commercial tool 

for building industry. The relatively new method, called ‘Dynamic thermic networks’ has been 

developed by Claesson (2003).  

The aim of this study is to evaluate both methods for their ability to optimise buildings by accounting 

for heavy thermal mass as effective as possible. The influence from HVAC-Systems and modified 

process energy on heavy thermal mass buildings is studied. The handling of long and short time 

effects of thermal inertia is compared.  

2. Method  

The two calculations methods are compared by calculating the indoor and wall temperature and the 

energy demand for a student apartment in north of Sweden. The student apartment is a heavy thermal 

mass construction. For evaluating the calculation methods, the influence of heat capacity for inner 

structures, ventilation systems, zone calculations and accuracy regarding input values were taken into 

account. A buildings response function was calculated in both VIP-Energy and DTN to illustrate how 

the buildings thermal inertia is accounted for. For the latter task, a simplified building structure is 

used. A constructions response function is the heat flow caused by one temperature step as a function 

of time. 

3. Energy calculation programs  

3.1 VIP-Energy  

VIP energy is a thermal simulation program which covers the complete buildings energy balance. The 

calculations are based on dynamic equations where all parameters are updated with one hour time 

interval. Heat transfer coefficients are dynamic values which adapt hourly to the environmental 

circumstances. Input values are known or measurable values such as weather conditions and demands 

on indoor temperature or ventilation (VIP -Energy, 2002).    

3.2 DTN 

Dynamic Thermal Network, the theory means that the relations between boundary heat fluxes and 

boundary temperatures for any time-dependent heat conduction process in a solid material are 

represented in the same way as for an ordinary thermal network (for steady-state heat conduction). 

The calculations are based on step-response functions which mean that the heat fluxes through the 

surfaces are calculated for a unit step change at one surface while keeping zero temperature at the 

other surfaces. The relations between surface temperatures and heat flows for any time-dependent 

process are obtained by superposition of the basic step responses. 

4. Indata 

4.1 Student apartment  

A student apartment consisting of two floors and four apartments at each floor is used as study object. 

The energy balance in VIP-Energy was calculated for the whole building as one zone and for the 



 

 

 

upper floor of the building divided in to five zones (one zone for each apartment and one zone for the 

stairwell). DTN calculates the whole upper floor as one zone. The structure is a heavy concrete 

structure with material parameters given in table 1 and table 2. As DTN is only calculating for the 

upper part of the building, boundary conditions had to be applied which result in zero heat exchange 

towards the intermediate ceiling. 

TABLE 1. Material parameters for the heavyweight concrete. 

Thermal conductivity (W/(m,K)) Density (kg/m
3
) Heat capacity (Ws/(kg,K)) 

2.3 4000 830 

 

    

 

FIG 1. Studied building with four student apartment per floor.  

TABLE 2. Input values for the construction used in chapter 4 and 5. U-values of some of the 

construction elements differ slightly for VIP-Energy and DTN. 

Building part Area (m
2
) U- Value (VIP) U-Value (DTN) 

Roof 155.5 0.097 0.087 

Exterior wall 234.1 0.202 0.171 

Interior wall 287 3.476 2.648 

Intermediate ceiling 311 0.755 0.679 

Window 50 1 1 

Ground plate  155.5 0.142 - 

 

Input values for process energy and ventilation are given in table 3.   

TABLE 3. Input values for ventilation and process energy, same in both programs. 

Ventilation:   

Volume of the upper floor: 373.295 m
3
  

Air changes per hour:  0.525 if Ti < 24°C 1 if Ti > 24°C 

and |Ti-Ta| ≥5°C 

Process energy: 5 W/m
2
  

 



 

 

 

 

The weather data used is a synthesis of the years 1993 to 2003 for Luleå.  Hourly values for air 

temperatures and solar radiation are used in both VIP-Energy and DTN. In addition to that are wind 

speed and relative air humidity included in the VIP-Energy calculations.  

4.2 Input values for response functions 

For calculating the response function in chapter 7 a simple construction as given in table 1 is used. 

The inside dimension is 12.5 m x 8 m x 2.5 m and no doors, windows, ventilation or infiltration are 

used.  

TABLE 4. Input values for the construction used in chapter 7, where R are the inside and outside heat 

transfer coefficients, λ is the heat conduction, ρ is the density and c the specific heat capacity.  

Heavy weight construction R ((m
2
,K)/W) λ (W/(m,K)) ρ (kg/m

3
) c (Ws/(kg,K)) 

Inside 0,13    

150 mm Concrete   1,7 2300 800 

200 mm EPS  0,036 25 1400 

70 mm Concrete  1,7 2300 800 

Outside 0,04    

 U-Value = 0,171 W/(m
2
,K) 

     Light weight construction R ((m
2
,K)/W) λ (W/(m,K)) ρ (kg/m

3
) c (Ws/(kg,K)) 

Inside 0,13    

13 mm Plasterboard   0.21 700 1000 

200 mm EPS  0.036 25 1400 

13 mm Plasterboard  0.21 700 1000 

Outside 0,04    

 U-Value = 0,171 W/(m
2
,K) 

 

5. Accounting of thermal mass 

Both the interior walls and intermediate ceiling have a high thermal mass. When removing the heat 

capacity of the interior construction elements, the total energy demand for heating is 1.26 % higher 

for DTN calculations. In VIP-Energy the energy demands increases only with 0.45 %. 

TABLE 4. Energy demand for heating and average indoor temperatures calculated with and without 

heat capacity for interior walls and intermediate ceiling.  

 With heat capacity Without heat capacity 

Method 
Energy demand 

(MWh/a) 
Tindoor 

Energy demand 

(MWh/a) 
Tindoor 

VIP -Energy (without zones) 8.85 22.18 8.81 22.20 

DTN 4.53 22.90 4.47 22.90 

Heat capacity for interior walls has more influence instead on the indoor climate, as shown in figure 

2. Without considering thermal mass of interior construction elements, the indoor temperature 

increases faster during spring and decreases faster during autumn, this is also reflected in the demand 

of heating energy. In case of less thermal mass, higher daily variations of indoor temperatures are 



 

 

 

observed. Further the maximum effect needed for heating is slightly higher. The indoor temperatures 

calculated in VIP-Energy are constantly much lower than those resulting from DTN. Also daily 

temperature oscillations are less extensive for VIP-Energy.  Figure 3 shows the average wall 

temperature distribution with VIP-Energy. Both highest and lowest values for wall temperatures can 

be found for lower thermal mass. In VIP-Energy the wall temperature illustrates an average 

temperature value for those building materials that mainly are in contact with compartment air (VIP -

Energy, 2002). It is not clearly formulated whether VIP-Energy takes a value in the middle of the wall 

or at the surface; anyhow it is a mean value for the whole building. 

 

FIG 2. Indoor temperature during one year accounting for thermal mass of interior walls and 

neglecting thermal mass of interior walls calculated with VIP-Energy and DTN. 

 FIG 3. Wall temperatures during one year calculated in VIP-Energy  accounting for thermal mass of 

interior construction elements and neglecting thermal mass of interior construction elements. 

6. Constructive and functional impact on energy balance 

Functional impact on the energy balance is studied with respect to varying operation of ventilation 

system and by taking into account different process energy distributions. Table 5 summarizes the 

mean room temperatures and demand of heating energy for 0% and 80 % ventilation heat recovery.  



 

 

 

 

TABLE 5. Energy demand for heating and average indoor temperatures calculated with and without 

ventilation heat recovery.  

 With 80% heat recovery Without heat recovery 

Method 
Energy demand 

(MWh/a) 
Tindoor 

Energy demand 

(MWh/a) 
Tindoor 

VIP -Energy (without zones) 8,82 22,03 17,55 22,18 

VIP -Energy (with zones) 7,23 22,45 14,56 22,29 

DTN 4,47 22,90 10,96 22,90 

DTN calculates the lowest energy demand in both cases. Several factors can influence the lower 

values. In DTN the building is calculated for optimised conditions, where no air leakage or unwanted 

ventilation is assumed. VIP-Energy calculates with air leakage of 0.8 l/(m
2
s), which equates to 3 

MWh/a in zone calculations and 4.5 MWh/a when calculating without zones.   Wind is taken care off 

in VIP-Energy so that the outer transient resistance is reduced and thus the U-values increases. In 

DTN no heat flow from ground is assumed whereas VIP-Energy calculates with heat exchange from 

the ground. When the whole building is regarded as on zone, then the energy for the upper floor is 

assumed to be 50 % of that for the whole building. This leads to an even higher heating demand for 

the upper floor. Heat losses through the ground have an even higher impact on the result.  

With heat recovery DTN calculates 38.2 % lower heating demand, whereas without heat recovery 

DTN has only 24.7 % less heating demand. In DTN the ventilation is simply reduced to 20% whereas 

in VIP the efficiency for heat recovery in the ventilation system is set to 80%. From the energy 

balance we get that only in total 69 % of the energy losses due to ventilation are recovered. This is 

due to a function in the program that will reduce the heat recovery during warm periods in order to 

reduce high inner temperatures. 

Further calculations in VIP – Energy were done considering different cases for ventilation, adapted 

process energy and sun protection. It turned out that through adapted ventilation system, the energy 

demand can be decreased rapidly. From constant ventilation to different ventilation for day and night 

time already significant lower demands on both heating and cooling energy could be found. Even 

more effective use of ventilation could be achieved by temperature regulated ventilation.  Different 

distributions of adapted process energy over the day may also make a significant influence of the 

inner temperature and the need for cooling. The possibility to divide the building in different zones 

and to be able to study the temperature variations and energy consumption in the coldest or warmest 

room is also a useful tool in VIP-Energy. 

7. Long and short time effects 

Thermal inertia of constructions is indicated by its response function. A constructions response 

function equates to the temporal gradient of heat flow caused by a single temperature step. For 

homogeneous material layers the response function can be calculated analytically in DTN and can 

therefore be considered as accurate. Thus the response function can be used as measure about how 

VIP-Energy takes into account thermal inertia. The in data used for heavy and light weight 

constructions are summarised in table 4.  

Figure 4 shows the response function for the heavy weight construction. The response functions for 

VIP-Energy reacts directly whereas the analytical solution calculated by DTN shows a time lag of 

approximately three hours. After 15 hours the response functions overlap and fade to a reverse offset 

between the functions.   Stationary values, where no difference between heat losses should occur 

anymore, are reached after 48 hours. The inner and outer surface thermal resistances in DTN are 

fixed. VIP-Energy does not use steady state values for the surface resistance they are a function of 



 

 

 

radiation and convection in the actual case and will vary during the calculation. It is not possible to 

know which values are used.   Therefore the stationary value which should correlate to the thermal 

transmittance, U, of the construction will differ between VIP-Energy and DTN.   

0 24 48 72 96 120
0

0.05

0.1

0.15

0.2

Q12 w 3600( )

VIP1
i

 i   

FIG 4. Response functions for the heavyweight construction.  

The response functions show the same behaviour for the light weight construction, but the time lag is 

only approximately 0.5 hours. The functions overlap after 3 hours and no differences between heat 

losses are expected after 9 to 10 hours. Anyhow the stationary value for VIP-Energy is again lower 

than the constructions U-value.  
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FIG 5. Response functions for the lightweight construction.  

 

8. Conclusions 

The two energy calculation programs VIP-Energy and DTN have been compared. Focus has been on 

the ability to model the influence of thermal inertia in buildings. The studied parameters are energy 

consumption, variation of indoor temperature and variation and phase shift of transmission heat 

losses.   

Different stationary values: 

DTN 0,171 W/m2K 

VIP  0,164 W/m2K 

Different stationary values: 

DTN 0,171 W/m2K 

VIP  0,166 W/m2K 



 

 

 

 

A student apartment in Luleå, Sweden, was used as study object. The calculations with the program 

VIP-Energy showed higher energy consumption then the DTN calculations. The differences can 

however be explained by different assumptions of air leakage and boundary conditions for the 

calculations and the two programs seem to predict similar energy consumptions.  

Thermal inertia of constructions is indicated by its response to a single temperature step. The response 

function was tested on a simplified building model. The response function in VIP-Energy reacts much 

faster than the analytical calculated solution in DTN. The influence of thermal inertia may therefore 

be a little underestimated in VIP-Energy.  After some time the response functions will overlap and 

change to a reverse offset between the functions so that the total heat loss will be the same for the two 

models. The response of a daily varying outdoor temperature and thermal load was also tested. The 

amplitude of the transmission heat losses is larger in the VIP-Energy model and the indoor 

temperature will therefore show a larger variation in that model. The total heat losses after 24 hours 

will however be the same for the two models.  

A combination of the two calculation tools will be a good choice. The DTN methodology is to prefer 

to make detailed analyses and optimizations, especially for temperature cycles with a shorter period. 

VIP-Energy is to prefer when to analyse the complete energy balance including different HVAC 

systems with many options. The model can also be divided in different temperature zones to be able to 

reflect the real behaviour of a building.  
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