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Abstract
Public transport shelters provide an unused surface that can be utilised in various ways, including for 
unconventional landscaping. The benefits from greening of public transport shelters are insufficiently 
studied and unutilised. The article evaluates some of the advantages, which may result from the con-
struction of green public transport shelters in the central part of Sofia. 
There are a total of 2780 aboveground public transport stops in Sofia. In the surveyed area were located 
257 stops, 150 of which had shelters at the time of the study. The potential of greened shelters to remove 
PM10 and CO2 from the ambient air was estimated for several different scenarios. If 250 public transport 
shelters had been entirely greened (roof and three walls) with Festuca sp., the removed PM10 would have 
been about 20 kg/yr., or 0.01% of the yearly emissions of PM10 from transport in the surveyed area. 
The sequestered CO2 would have been 17047.3 kg /yr., or approximately the CO2 emitted by 40 diesel 
cars with an average daily mileage of 10 km per day for a year. The reduction of PM10 and CO2 was not 
significant, however, in a big city with intensive construction and a constantly increasing population, 
every possibility for greening needs to be explored. Green stops may be used in combination with other 
measures. Proper selection of plant species and design solutions maximising the green surface will in-
crease the benefits. 
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Introduction

According to the definition of the European Commission (2013), green infrastruc-
ture is a strategically planned network of natural and semi-natural areas with en-
vironmental features designed and managed to deliver a wide range of ecosystem 
services. It can enhance urban resilience through specifically promoting ecosystem 
services linked to reduced flooding risk, urban heat island reduction, improved air 
quality, reduced energy consumption in buildings, carbon storage, conservation of 
wildlife habitat and the provision of recreation and leisure amenities that improve 
the well-being of urban residents (Zuniga-Teran et al., 2020). This makes green in-
frastructure an increasingly promoted tool for mitigation of the negative impacts of 
urbanisation. It can be difficult to create new or even to maintain the existing green 
spaces in some urban areas as population density grows and essential housing in-
creases. For this reason, green infrastructure needs to be planned as a creative com-
bination of natural and artificial structures designed to achieve specific resilience 
goals (Staddon et al., 2017). In the most densely built-up areas, unconventional green 
spaces may be used to provide the benefits of green infrastructure. 

Public transport plays an important role in the life of every big city. Its stops are 
relatively evenly distributed throughout the city, along the main roads and, often, 
in places with high levels of air pollution. Right after a bus stop, concentrations of 
pollutants, such as nitrogen oxides (NOx) and particulate matter (PM), are high, fol-
lowed by a decline due to higher emissions during the speed acceleration and lower 
emissions during cruise and de-acceleration (Xing et al., 2019). Bus stops can lead to 
the formation of convoys of cars after a stopped vehicle and, thus, lead to increased 
pollution before the stop. Neighbourhoods with more bus routes and bus stops show 
higher PM10 concentrations (Park et al., 2018). 

Public transport shelters are commonly considered just as functional elements 
of the transport system. Their design is based on technical parameters and stand-
ardisation. Public transport shelters are neglected by urban designers and by the 
scientific debate (Brovarone, 2021). They are an unused surface that can be utilised 
in various ways, including building unconventional landscaping with a number of 
ecosystem functions. Greening of public transport shelters is already a fact in some 
cities in Europe, including Amsterdam, Utrecht, Eindhoven (the Netherlands), Shef-
field, London (England), etc. In Utrecht, 316 bus stops are greened with Sedum sp. to 
improve the air quality and promote pollination (Benoliel et al., 2021). In Bulgaria, 
there are green public transport shelters in Stara Zagora (one shelter) and Burgas 
(two shelters). However, green public transport stops are still a rare element of the 
urban environment. The possible benefits are insufficiently studied and unutilised. 

Sofia is the capital and largest city of Bulgaria. The significance of the city’s green 
system is recognised and reflected in series of urban plans since 1880 (Kovachev et 
al., 2012). The intensive development of Sofia in the recent decades attracts resources 
to the city, but also puts serious pressure on the available space and public services 
(Vision for Sofia, 2020). 
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The centre of the city is classified as an area with adverse conditions and atmos-
pheric pollution above the maximum permissible concentration from transport and 
domestic sources (Mihailovich et al., 2009). All air quality monitoring stations in the 
city report exceedances in terms of total suspended dust and fine dust particles. Road 
transport is a serious problem as a source of air pollution due to the high motorisation 
of the city and inadequate road infrastructure (Mihailovich et al., 2009). The decreas-
ing coverage of green areas in combination with intensive construction in Sofia causes 
serious problems (Deneva et al., 2008). It is necessary to assess existing opportunities 
for unconventional landscaping, especially in the city centre.

In the article are evaluated some of the possible benefits from the construction 
of green public transport shelters in the central part of Sofia. Based on data on the 
existing aboveground public transport stops and the dimensions of the most common 
shelters, the amount of PM10 and CO2 that can be removed from the air in the imple-
mentation of several different scenarios of greening is calculated. Recommendations 
are given to increase the benefits. 

Materials and methods

The survey covers the central part of Sofia with an area of 891.5 ha (Fig. 1). The lo-
cation of aboveground public transport stops is extracted from Open Street Map. The 
information is verified and supplemented using the Street View function of Google 
Earth and field checks. The dimensions of two of the most widely used shelter types 
in the survey area are measured and used to calculate the area which can be greened. 

The yearly amount of PM10 from transport in the survey area is calculated based 
on UCTM (2015). The potential yearly reduction of PM10 and CO2, which may re-
sult from the greening of shelters, was calculated for the greening of 50, 100 and 250 
public transport shelters from the two measured shelter types, based on records of 
other authors. For each type calculations were made for greening with Sedum sp. and 
Festuca sp. for four different greening scenarios: greening of the roof only; greening 
of the roof and the back wall; greening of the roof, the back wall and one of the side 
walls; greening of the roof, the back wall and the two side walls. 

Results and discussion

There are a total of 2780 aboveground public transport stops in Sofia. They 
are located along the busiest roads with the heaviest traffic, including places 
with high levels of air pollution. In the survey area are located 257 public trans-
port stops (Fig. 1). About 150 of them currently have shelters. 

Two of the most widely used shelter types in the city are with length/width/height 
respectively 370/150/230 cm and 470/150/230 cm. The area which can be greened in 
four different greening scenarios (greening of the roof only; greening of the roof and 
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the back wall; greening of the roof, the back wall and one of the side walls, greening of 
the roof, the back wall and the two side walls) is given in Table 1. 

The yearly amount of PM10 from transport in the survey area is about 150 t/yr. (cal-
culated based on UCTM, 2015). There are no specific surveys of the influence of green 
public transport stops on air quality. However, studies of green roofs have shown that 
depending on the used plant species, PM10 reduction may vary from 0.42 g/m2.yr. for 
roofs greened with Sedum album to 3.21 g/m2.yr. for roofs, greened with Festuca rubra 
(Speak et al., 2012). According to Yang et al. (2008), short grass can reduce 1.12 g/m2.yr., 
while tall herbaceous plants can reduce 1.52 g/m2.yr. The potential amount of PM10 that 
can be removed from the air in different scenarios of greening is given in Table 2. 

 

 
 
Figure 1. Aboveground public transport stops in the central part of Sofia.  
 Figure 1. Aboveground public transport stops in the central part of Sofia.

Table 1. Area available for greening per public transport shelter.

Dimensions
Area (m2)

Roof Roof + back 
wall

Roof + back wall + 1 
side wall

Roof + back wall + 2 
side walls

370x150x230 5.55 14.06 17.51 20.96
470x150x230 7.05 17.86 21.31 24.76



Possible benefits from greening of public transport stops in Sofia, Bulgaria    21

Table 2. PM10 removed by greened public transport stops (g/yr.).

Number  
of greened 

shelters

PM10 reduction (g/yr.)

Roof Roof + back 
wall

Roof + back wall + 1 
side wall

Roof + back wall + 2 
side walls

Sedum sp., 370x150x230
1 2.3 5.9 7.4 8.8

50 116.6 295.3 367.7 441
100 233.1 590.52 735.4 882
250 582.8 1476.3 1838.6 2205

Sedum sp., 470x150x230
1 3 7.5 9 10.4

50 148.1 375.1 447.5 520
100 296.1 750.1 895 1039.9
250 740.3 1875.3 2237.6 2599.8

Festuca sp., 370x150x230
1 17.8 45.1 56.2 67.3

50 890.8 2256.6 2810.4 3370.5
100 1781.6 4513.3 5620.7 6741
250 4453.9 11283.2 14051.8 16852.5

Festuca sp., 470x150x230
1 22.6 57.3 68.4 79.5

50 1131.5 2866.5 3420.3 3974
100 2263 5733 6840.5 7948
250 5657.6 14332.7 17101.3 19869.9

One public transport shelter with a length of 470 cm, entirely greened with Sedum 
sp., can remove about 9 g PM10/yr. If 250 of these shelters are greened with Sedum 
sp. the removed PM10 will be about 2.6 kg/yr. If they are greened with Festuca sp. the 
removed PM10 will be significantly higher – about 20 kg/yr. This equals 0.01% of the 
yearly emissions in the survey area or the PM10 emitted from transport in the survey 
area for less than a day.

According to Kuronuma et al. (2018), the annual CO2 sequestration of Sedum 
aizoon is 1.232 kg/m2.yr. and of Festuca arundinacea – 2.754 kg/m2.yr. The potential 
amount of CO2 that can be removed from the air in different scenarios of greening is 
given in Table 3. 

According to Fontaras et al. (2017), the average European vehicle emits 119.2 g/km/
diesel fuel and 122.7 g/km/petrol. This means that one 470 cm-long public transport 
shelter greened with Sedum sp. can sequester the CO2 emitted by a diesel car for a mile-
age of nearly 256 km. If 250 of the bigger shelters are greened with Sedum sp., they will 
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be able to sequester the CO2 emitted by 18 diesel cars with an average daily mileage of 
10 km per day. If they are greened with Festuca sp., they will be able to sequester the CO2 
emitted by 40 diesel cars with an average daily mileage of 10 km per day. 

Conclusion

In the central part of Sofia are located 257 public transport stops, 150 of them 
currently having shelters. If 250 shelters entirely greened (roof and three walls) with 
Festuca sp. are located in the city centre, the removed PM10 will be about 20 kg/yr. 
This equals 0.01% of the yearly emissions of PM10 from transport in the survey area. 
The greened shelters will be able to sequester 17047.3 kg CO2/yr. This is approxi-
mately the CO2 emitted by 40 diesel cars with an average daily mileage of 10 km per 
day for a year. 

Table 3. CO2 sequestered by greened public transport stops (kg/yr.).

Number 
of greened 

shelters

CO2 sequestration (kg/yr.)

Roof Roof + back 
wall

Roof + back wall + 1 
side wall

Roof+ back wall + 2 
side walls

Sedum sp., 370x150x230
1 6.8 17.3 21.6 25.8

50 341.9 866.1 1078.6 1293.6
100 683.8 1732.2 2157.2 2587.2
250 1709.4 4330.5 5393.1 6468

Sedum sp., 470x150x230
1 8.7 22 26.3 30.5

50 434.3 1100.2 1312.7 1525.2
100 868.6 2200.4 2625.4 3050.4
250 2171.4 5500.9 6563.5 7626.1

Festuca sp., 370x150x230
1 15.3 38.7 48.2 57.7

50 764.2 1936.1 2411.1 2891.7
100 1528.5 3872.1 4822.3 5783.4
250 3821.2 9680.3 12055.6 14458.5

Festuca sp. 470x150x230
1 19.4 49.2 58.7 68.2

50 970.8 2459.3 2934.4 3409.5
100 1941.6 4918.6 5868.8 6818.9
250 4853.9 12296.6 14671.9 17047.3
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The reduction of PM10 and CO2 in the air will not be significant even if green shel-
ters are built at each public transport stop in the survey area. However, in a big city 
with intensive construction and a constantly increasing population, every possibility 
for greening needs to be explored. The problem of air pollution in urbanised areas 
cannot be solved with a single solution. A combination of measures is needed in ac-
cordance with the available resources and the specifics of the area. 

In this sense, green stops can be used in combination with other measures and 
green infrastructure to mitigate air pollution and provide additional benefits. The un-
disputed ecological benefits should be assessed it the context of the constructional 
features of roof greening (pros and cons). To maximise the effect, different design so-
lutions may be used to increase the area available for greening. The selection of plant 
species can also increase the effect. 
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