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ABSTRACT 

and possibilities of their elimination, carbon dioxide (CAS 124-38-9), further 
from volatile organic compounds were investigated trichlorethylene (CAS 79-01-
6), toluene (CAS 108-88-3) and benzene (CAS 71-43-2). A new experimental 
method for effectively reducing the concentration of pollutants in the indoor 
environment of buildings is presented, which is based on the placement of plants 
into the research area and has the potential to bring operating costs savings 
in the field of building ventilation. 

The issue is closely related to the increasing requirements for the healthiness 
of the indoor environment of building. Quality of the indoor environment is also 
assessed according to the quality of indoor air. Increased concentrations of 
pollutants in the indoor environment can have a negative impact on the human 

shown, where one model case examines the theoretical quantity requirement of 
ventilated indoor air without plants and the other model case examines the 
requirement for the amount of ventilated air in plant environment. For both models 
cases the same final value of pollutant concentrations was required. After the 
computational modelling, the results were compared to determine the percentage 
difference of the supply air demand. Based on the computational model, it was 
shown that selected plants can favourably influence the pollutant concentration in 
the indoor environment. The model environment for research was determined as an 
office area, initial concentrations of pollutants were determined before the arrival 
of persons, also was determined the constant production of pollutants during 
working hours, and reduction of pollutants by plants 

This is a completely new perspective on the issues of building ventilation and 
improving the quality of the indoor environment, and according to the achieved 
calculation, the costs of building operations on a global scale can be significantly 
reduced. 
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INTRODUCTION

The paper deals with the problem concerning influence of pollutants in the 
2 (CAS 124-38-9), and 

selected VOCs (volatile organic compounds) - namely benzene (CAS 71-43-2), 
toluene (CAS 108-88-3) and trichlorethylene (CAS 79-01-6). These are substances 
that have a negative effect on the human health of building users and need to be 
reduced in the indoor environment. 

Nowadays, it is possible to reduce the concentration of these pollutants quite 
effectively by using of intensive ventilation, which, however, has a direct impact on 
the operating costs of ventilation. Thus, with the requirement for high indoor air 
quality is directly related to the requirement for intensive air ventilation and 
conditioning of the supply air to a predetermined operating temperature and quality. 
Especially in areas with significant temperature differences between the outside 
environment compared to the internal environment, this issue is very topical, and it 
is expected that a minimum reduction of the amount of supplied air has the potential 
of substantial savings in operating costs on a global scale. 

In order to maintain high standards for indoor environments while reducing 
energy demands of buildings it is necessary to find new ways of elimination of 
pollutants, thanks to which it will be possible to reduce the amount of ventilated air 
while maintaining the required quality of indoor air. 

DESCRIPTION OF THE CURRENT STATE 

Among the basic requirements for the quality of indoor environment is the 
quality of the air, which is primarily assessed according to the current concentration 
of CO2 and VOC. The phenomenon where buildings have a negative impact on the 
health of buildings users can be called the sick building syndrome, which is already 
well described [1] and generally known. 

It is proven that the user's stay in an environment where the concentration of 
pollutants to be solved is above the limit, or in case of long-term exposure to 
pollutants, can have a negative impact on human health addressed pollutants, which 
can lead to chronic diseases [2]. It is also appropriately described that increased CO2 
and VOC concentrations have a significant effect on the performance of the 
occupants of the building [3], [4]. 

Determination of pollutants and risks 

Solved pollutants benzene, trichlorethylene are classified as proven 
carcinogens of group 1 [2], [5], toluene is not a proven carcinogen, at higher 
concentrations may cause nausea, fatigue and hallucinations, irritating the mucous 
membranes. CO2 at elevated concentrations causes fatigue and nausea, and it has 
been shown that at a concentration of 0.1%, productivity for basic work activities 
is reduced by around 25% [4]. 

In the commonly used residential rooms or administrative workplaces is not 
expected that any of these pollutants in the indoor environment in such 
concentration that threatened the lives of users. Due to the ventilation of the internal 
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environment, the pollutants are kept at the permissible concentrations. However, 
there are measurements showing that in new buildings or in buildings that have 
undergone significant refurbishment, the VOC concentration may be so high that 
the building is uninhabitable in the first few months [6]. The permissible 
concentrations of pollutants to be solved for residential areas are as follows for 

, toluene 300  · m , 
. The permissible concentration of CO2 in the Czech 

Republic is 0.15% [8]. The permissible CO2 and VOC concentrations may vary 
according to local regulations at national level. The concentration of pollutants must 
also be monitored with regard to the performance of the building users, where it is 
shown that the working performance of the building users is substantially improved 
in an environment that meets stricter indoor quality criteria than the legislative 
framework [3]. 

Possibilities of reducing the concentration of pollutants in indoor 
environment of buildings 

Reducing the concentration of pollutants in the indoor environment of 
buildings can be solved either by exchanging the contaminated air with newly 
supplied air from the outside, treated with air conditioning or by modifying the 
existing indoor air. The possibility of exchanging air naturally through windows 
without the use of air-handling equipment is neglected in this paper. During 
exchange on hot or cold days, ventilation would cause thermal discomfort to the 
users of the building. Adjusting the supply air from the outside is energy intensive. 
It has been shown that selected plants can reduce the pollutants contained in the 
environment in which they are found [9]. Tab. 1 shows selected plants and their 
ability to reduce followed VOC. 

Tab. 1 The average ability of selected plants to reduce the observed VOC 
 · m 3 · m 2 · h 1] [9] 

Latin name of plant Benzene Toluene Trichlorethylene 

Hemigraphis alternata 5.54 9.63 11.08 
Hedera helix 3.63 8.25 8.07 

Tradescania pallida 3.86 9.10 7.95 
Asparagus densiflorus 2.65 7.44 6.69 

Hoya carnosa 2.21 5.81 5.79 

 
The ability of plants to reduce CO2 depends primarily on temperature, lighting 

and CO2 concentration. It has been shown that as the concentration of CO2 in the 
indoor environment increases, the ability of the plant to bind CO2 also increases, 
and the ability of the plant to bind CO2 decreases with less illumination [10]. The 
indoor environment can be classified as a temperature-stable environment. The light 
may vary depending on the location of the plant within the space and depending on 
the combination and intensity of artificial and natural lighting. For a design 
temperature of 21°C, atmospheric CO2 concentration of 0.04%, a photosynthesis 
rate for plants with a C3 and C4 metabolic cycle of app  · 
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s , [11] can be considered due to daylight variable illumination to determine the 
true degree of photosynthesis and it is appropriate to consider possible variations.

METHODS AND METHOLOGY 

Methodology description and input data  

For the determination of the efficiency of individual elimination methods, a 
model has been created. This model examines what area the plants must have in the 
indoor environment in the model space in order to equalize the ventilation, which 
will be controlled according to the limit concentration of the solved pollutants. 
Furthermore, it is investigated how much 1 m2 of plant for model space can have 
ventilation savings in case that both methods will be used at the same time in 
comparison with traditional plant-free ventilation. 

For the model case, it was considered an office area with a total volume of 67.2 
m3, which has 4 users, initial concentrations of substances are considered as 80% of 
the allowable limit: CO2 g · m , 
trichlorethylene 120  · m3. At the same time, the following abatement of 
pollutants must be considered: CO2 for administrative work 0,28 l · min  · person  
[12], it is difficult for VOCs to determine specific production values, because the 
concentration may vary in each building life cycle [6], therefore the hourly 
production is determined as 3% of the initial starting concentration, ie benzene 

 · h  · h  · h . 

The concentration of monitored pollutants in the supply air is determined: 
CO2 0.04% [12], due to outside air filtration, the model assumes that the air is 
completely free of harmful VOC, filtration efficiency is considered as 100%, system 
wear or leakage that could affect performance in a real-world environment. 

Performance of individual plants listed in Tab. 1 with ability to bind the VOC 
was averaged. Therefore, for further calculations, the following plants are 

 · m  · h
m  · m  · h  · m  · h . 

Methodology description and input data  

To convert the volume production to the monitored pollutants by mass, it is 
necessary to start from (1): 

 (1) 

Where V [dm3] is the gas volume, m [g · dm ] gas mass, R [J · K  · mol ] 
universal gas constant, T [K] gas temperature, M [kg · mol ] gas molar mass, p [Pa] 
gas pressure. For 4 people, CO2 production is calculated at 112.3 g · h . 

In the model space, the total leaf area of the green plant is 1 m2, which 
corresponds to 0.25 m2 for 1 person. The CO2 binding capacity of 22  · s  
corresponds to 0.872 g · m  · h  when converted to hours and grams. 

The requirement for the amount of supply air in relation to the required 
concentration is based on (2): 
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(2)

Where qh [m3 · h ] is the requirement for the amount of supply air for 1 person, 
Vin [m3] is the volume of air in the room area, Creq [ppm] is the desired pollutant 
concentration, Cin [ppm] is the current pollutant concentration inside the room area, 
Cout [ppm] is the pollutant concentration of the supplied air. 

The concentration of the instantaneous monitored pollutant in the indoor 
environment is based on (3): 

 (3) 

Where Cin [ppm] is the instantaneous indoor pollutant concentration, mori [g] is 
the initial indoor pollutant mass, mpro [g] is the indoor pollutant mass excess, mred 
[g] is the indoor pollutant mass loss, Vin [m3] is the total volume of indoor air, m0.0001 
[g] is the mass of 1 ppm of the pollutant for the specified temperature and pressure. 

RESULTS AND DISCUSSION 

The effectiveness of the investigated methods, respectively the determination 
of the minimum amount of ventilated air and the determination of the minimum 
area of green plants as the equivalent, which has the potential to equalize 
ventilation, are shown in Tab. 2. From this tab. it follows that in order to maintain 
concentration in the indoor environment, it is either necessary to ventilate or have 
plants in the building. The results show that plants can contribute primarily to the 
reduction of CO2 and benzene concentrations, for toluene and trichlorethylene the 
ability to reduce concentrations by an order of magnitude lower and therefore only 
complicated to use in the practical environment of buildings. 

Tab. 2 Overview of required performance of individual methods for maintaining 
the required concentrations in the indoor environment, respectively for CO2 

3 3 3 

Substance 
Ventilation 

(m3 · h 1 · space 1) 
Plants 

(m2 · space 1) 
Carbon dioxide 76.08 35.16 

Benzene 2.01 3.15 
Toluene 2.01 60.13 

Trichlorethylene 2.01 30.56 
The results show that the main reason for building ventilation is the 

concentration of CO2 in the indoor environment. The presence and ventilation of 
VOCs are minor in terms of priorities. 

Using the combined regime, i.e. when plants are used together with ventilation 
in order to reduce pollutant concentrations, it can be stated that plants have the 
potential to reduce the ventilation requirement. A comparison for CO2 for the use of 
non-plant ventilation and plant ventilation is shown in Fig.1. 
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Fig. 1 Display of the ventilation of the area without plants and with plants for the 
monitored CO2 pollutant for the required concentration 0.12%. 

Fig. 1 shows the 2.58% potential to reduce the supply air demand for the 
simulation room due to CO2 concentration. This potential applies to 1 m2 of green 
plant leaves per simulation room. Fig. 2 shows the savings potential for reducing 
the concentrations of the VOCs solved for ventilation of plants with and without 
plants. 

 

Fig. 2 Display of ventilation of the area without plants and with plants for the 
monitored CO2 pollutant for the required concentration 0.12%. 

From the Fig. 2 it can be seen, that plants in terms of the ability to reduce the 
concentration of pollutants in the indoor environment are of the greatest importance 
for benzene, where they can have up to 31.66% effect on the reduction of the supply 
air demand. For trichlorethylene, plants have only about 3.26% potential, and for 
toluene 1.66%, the potential to reduce the amount of air required to maintain a given 
concentration. The simulation is considered with a 1 m2 area of green leaves per 
room, in the case of a larger number of plants in the indoor environment there is a 
potential to significantly reduce the demand for the amount of supply air. 

In the simulation case, the effect of variable illumination was neglected, which 
may have a negative impact on the ability to bind the monitored pollutants by plants. 
The effect of increased concentration of pollutants in the indoor environment was 
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also neglected, which may have a positive effect on the ability to bind the pollutants 
by plants. Mixing of fresh supply air and treated plants with exhaust air was 
neglected. All of these considerably variable factors can have an impact on the final 
concentration of pollutants in the indoor environment. 

CONCLUSION  

The present paper points out the possibility of using plants in the indoor 
environment of buildings to reduce the concentration of pollutants in the indoor 
environment and the associated reduced air supply requirements. Research suggests 
that plants can help to reduce the operating costs of building ventilation. Research 
also suggests that plants have the potential to improve indoor environment quality 
by maintaining the same amount of ventilated air as compared to non-plant 
environments, as they help to reduce the concentration of pollutants in indoor 
environments. 

The model environment was designed as an office with a total air volume of 
67.2 m3 for 4 users. The initial concentration of pollutants before the arrival of 
persons was determined for CO2 2.19 g · m , toluene 

. Systematic generation of pollutants into the 
whole model space was determined for CO2 112.3 g · h
m  · h  · h , benzene 0.168  · m  · h . The ability of 
plants to bind pollutants depends on the type of used plant. The present research 
shows that if 1 m2 of plant green leaves are placed in the examined area, a new 
method in the field of ventilation can save operating costs of more than 2.5% for 
monitoring CO2 concentration, 1.7% for monitoring toluene concentration, 3.3% 
for trichlorethylene concentration monitoring and more than 30% monitoring 
benzene concentration. 

Present article shows that plants can significantly affect the quality of the 
indoor environment and lead to savings in ventilation costs for buildings. In chapter 
Methods and Methodology was created comparison of ventilated environment and 
plants environment of buildings. Methodology is described by equations, that are 
able to set actual concentration of VOC in time. It was researched four pollutants, 
ie CO2, benzene, toluene and trichlorethylene and it is expected that the plants have 
a concentration-reducing effect on all studied substances, with the ability to reduce 
pollutant concentrations in the indoor environment directly dependent on the 
number of plants or their effective green leaf area. In chapter results it was 
confirmed, that using calculations of mentioned simulation, plants can have an 
influence for reducing amount of internal air and able to achieve operating costs 
savings in the field of building ventilation. An article presents new view into the 
issues of building ventilation and the improvement of the quality of the indoor 
environment. The research will be further extended by practical measurement that 
would prove this theoretical assumption. 
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