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Abstract: 

With growing concerns for efficient and sustainable energy treatment in buildings there is a 

need for balanced and intelligent ventilation solutions. This paper presents a strategy for 

demand controlled ventilation with ventilation radiators, a combined heating and ventilation 

system. The ventilation rate was decreased from normal requirements (per floor area) of 

0.375 l·s
-1

·m
-2

 to 0.100 l·s
-1

·m
-2 

when the residence building was un-occupied. The energy 

saving potential due to decreased ventilation and fan power was analyzed by IDA Indoor 

Climate and Energy 4 (ICE) simulation program.  The result showed that 16 % of the 

original energy consumption for space and ventilation heating could be saved by utilizing 

ventilation on demand.   

Keywords- Controlled ventilation system; Energy performance; IDA ICE 4; Variable air 

volume 

1. Introduction 

Demand-controlled ventilation (DCV) system adjusts the ventilation supply air based on the 

occupants ventilation need. In designing the air handling unit for commercial buildings, the 

variable air volume (VAV) system is widely used to optimize the energy consumption. 

However, the usage of VAV system in residential buildings is not a very common solution. 

In current residential buildings, people go to work or school from morning until afternoon. 

This gives opportunity to reduce the ventilation rate during non-occupancy hours. Existing 

Swedish building regulations, BBR [1] states that an occupied house must have a minimum 

ventilation rate (per floor area) of 0.35 l·s
-1

·m
-2

, and if the house is unoccupied, this value is 

allowed to drop down to 0.10 l·s
-1

·m
-2

. Thus, there is an opportunity to save energy by 

reducing the ventilation rate during hours of un-occupancy. The control of the VAV system 
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can be operated in many ways, such as automatic control based on the CO2 level, humidity or 

clock control, or manual control that leaves responsibility of reducing the airflow rate to the 

occupants.  

The goal of this study was to quantify energy savings when applying VAV system control 

theoretically to the actual building. Simulation program, IDA Indoor Climate and Energy 

(ICE) 4 was used.   

 

2. Method 

To investigate the feasibility of DCV, and to determine the DCV type in the studied building, 

the decision tree shown in Fig. 1 was used [2]. A first step in the flowchart was to determine 

whether a VAV system is compatible with law. In our case, DCV system is compatible with 

current Swedish building law, and the pollution sources in residential buildings include 

occupants, furniture and building materials [2]. Next step in the decision tree is to determine 

whether natural infiltration is enough for ventilation. In Sweden the residential buildings 

need to have a high level of air tightness, so mechanical ventilation is required for new and 

un-leaky buildings. Moving forward in the flowchart; the emission rate is variable over the 

day since occupants leave house in the morning and return home in the afternoon. Also, the 

emission rate in the investigated building is predictable. Hence, we suggest “A clock-

controlled mechanical ventilation system”.   

For the selected DCV option a VAV model was used in IDA ICE 4 to investigate possible 

energy savings. IDA ICE 4 is a dynamic multi-zone simulation program that provides a 

detail study of thermal indoor climate and annual energy consumption in the building [3]. 

2.1. Description of the Studied Building and the Building Model 

A semi-detached house was used in this study. The building was 160 m
2
 with three stories 

including kitchen, bathrooms, living room and bedrooms. Mechanical exhaust ventilation 

extracted in total 60 l·s
-1

 from exhaust devices in kitchen, toilet, wardrobe and bathroom. 

This corresponded to 0.375 l·s
-1

·m
-2

 of floor area and fulfilled Swedish minimum 

requirements of 0.350 l·s
-1

·m
-2

. Supply devices were placed on the external walls above 

windows in living room, kitchen and hallway on the first floor, and behind radiators in 

bedrooms on the upper floors. The air was transferred through hallways and staircases 

between different zones. The same ventilation system was modeled in IDA ICE 4; i.e. the 

supply air was forced by an indoor under-pressure to enter the building. Blower door test 



 
 
 

showed that the airtightness of the building was 0.63 l·s
-1

·m
-2

 (external surface) under 50 Pa 

pressure difference. Table 1 shows the area and airflow rate in each zone. 

In the investigated building occupants spent approximately 14 hours per week-day and 20 

hours per weekend-day indoor. To model VAV system based on the presence of occupants, a 

simple control strategy was implemented. In this strategy the ventilation was switched 

between two flow rates: normal requirements (per floor area) of 0.375 l·s
-1

·m
-2

 and minimum 

base requirement of 0.100 l·s
-1

·m
-2

 during un-occupancy. This minimum value is 27 % of the 

normal requirement.
 
Reduced ventilation rate was conducted by decreasing the fan speed. 

 

 

Table 1. Floor area and supply/exhaust airflow rates in different zones of the building  

zone Area, m
2
 Supply, l·s

-1
·m

-2
  Exhaust, l·s

-1
·m

-2
 

Living room 24.0 0.50 0.00 

Kitchen  13.1 0.30 0.80 

Hallway 6.8 0.60 0.00 

Bedroom 1 13.1 0.50 0.00 

Bedroom 2 8.0 0.50 0.00 

Bedroom 3  8.2 0.50 0.00 

Bedroom 4 12.1 0.50 0.00 

Toilet  6.1 0.00 1.80 

Bathroom  4.4 0.00 3.40 

Wardrobe 2.9 0.00 2.10 

Pass 7.3 0.00 0.00 

Third floor  54.0 0.30 0.30 

Total 160.0 0.37 0.37 

Fig. 1. Decision tree for designing demand controlled ventilation (DCV) [2] 



 
 
 

3. Results 

The IDA ICE simulation model with CAV system was validated against measured energy 

consumption [3]. Table 2 shows results of heating demand from CAV and VAV simulations. 

By introducing VAV system, the total heating demand for ventilation and space heating 

decreased by 16 %, i.e. from 4624 kWh to 3885 kWh. Energy savings in heating and 

ventilation demand, fan power and total consumption (including DHW) is separately shown 

in Table 2. As shown, with VAV system the fan power and total energy demand was 

decreased by 38 % and 12 % respectively compared to CAV system. Domestic hot water 

(DHW) consumption was achieved by measuring electricity consumption during the non-

heating period in the summer. 

Table 2. Energy savings with VAV compared to CAV system 

 CAV VAV Energy savings, % 

Total heating and ventilation demand, kWh
 

4624 3885 16 

Fan power, kWh 473 292 38 

DHW, kWh
 

3200 3200 - 

Total energy consumption, kWh·m
-2

 52 46 12 

3.1. Influence of DCV (VAV) System on Ventilation Radiator 

Heating demand in the investigated building was mainly performed by ventilation radiators, 

shown in Fig. 2. Heat output of ventilation radiator is affected by changing the airflow rate, 

since the ventilation air is supplied through the radiator. The heat output decreases by 

decreasing the airflow rate due to reduced forced convection. To ascertain whether 

ventilation radiators cover the heating demand while decreasing the airflow rate, heat output 

of radiators was calculated by an Excel-based program called Air-simulator. This program 

calculates heat output of ventilation radiators based on the indoor and outdoor temperature, 

hydronic supply and returns flows to the radiator as well as supply air flow rate to the 

radiator. Calculations showed that by using VAV system, the total heat loss was 4481 W. 

This was successfully covered by the heating systems since total heat output from ventilation 

radiators and under floor heating was 4524 W, see Fig. 3. 



 
 
 

 

Fig. 2. Main parts of a ventilation radiator: a) Vent grill on the external wall, b) Channel through wall, c) Filter, d) 

Injector or inlet (with or without mixing of cold supply air with room air) e) Traditional radiator 

 

CAV system                                                                   VAV system 

 

 

 

 

 

 

 

 

 

4. Conclusion    

DCV with variable air volume is an energy efficient system. Ventilation rate was adjusted to 

the occupant demands. This system reduces energy demand by decreasing ventilation and 

electrical energy for driving fans. The purpose of the study was to ascertain energy savings 

of a VAV system by IDA ICE 4 modeling. Results confirmed that VAV system was an 

energy efficient system with significant savings in comparison to CAV system. 

 

Fig. 3. Heat loss and heat output from ventilation radiators (VR) and under-floor heating (UFH) 

in constant air volume (CAV) and variable air volume (VAV) systems 
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Ventilation radiators were installed in the investigated buildings. Heat output from 

ventilation radiators was decreased by decreasing airflow rate; since ventilation was supplied 

through the radiator. This study showed that ventilation radiators can cover the heat losses in 

the investigated building with a VAV system. However, in order to investigate the long term 

real performance of the systems, an implementation in an occupied building is 

recommended.  
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