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ABSTRACT 
 

In this study, the emission changes for the city 
of Brno in the Czech Republic following the 
implementation of four policy measures focused on 
transport and energy were assessed simultaneously 
for nine air pollutants and three greenhouse gases 
(GHGs). The policy measure related to the reduction 
of the motorised vehicles in the city and subsequent 
increase in use of soft transport was the one with the 
highest emission reduction potential for most of the 
compounds investigated (e.g. up to 13% decrease for 
PM2.5 and NOx). Such type of measures, which have 
a higher positive effect on human health and climate 
change than those on low-carbon vehicles, are 
difficult to implement as they require a behavioral 
change. Therefore, they should be implemented 
along additional measures which can be easily 
implemented such as those on the replacement of old 
coal-fired boilers. This study highlighted the need 
for an integrated impact assessment of policy 
measures, considering both air pollutants and GHGs.  
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INTRODUCTION 

 
Air pollution and climate change are two major 

environmental concerns worldwide. With regard to 
human health, air pollution is responsible of the 
premature death of 2.4-8.9 million people per year at 
the global level [1], [2] and about 790,000 for Eu-
rope [1]. Cities, which are responsible for almost 
70% of CO2 emissions at the European scale [3], are 
also regularly exceeding the legal limits of several 

air pollutants. Given that more than half of the global 
population live in cities [3], it is crucial to decrease 
the exposure of urban citizens and their footprint in 
order to improve human health and to reduce the im-
pacts of climate change. For this, efficient policy 
measures significantly reducing the primary emis-
sions of air pollutants and greenhouse gases (GHGs) 
at the urban scale are needed. However, GHGs and 
air pollutants are regulated by different policies, 
globally in the case of GHGs, while air pollutants are 
regulated on city, national and/or regional levels. 
There is a urge to evaluate simultaneously GHGs and 
air pollutants and their impacts on air quality and cli-
mate change in order to minimise the environmental 
footprint and poor decision making [5,6].  

This study is part of the H2020 European pro-
ject “Integrated Climate forcing and Air pollution 
Reduction in Urban Systems” (ICARUS, 
http://www.icarus.eu), which aims to develop an in-
tegrated approach to identify the appropriate policies 
as well as the optimal combination of technical and 
non-technical measures with co-benefits in air qual-
ity and climate change mitigation. The ICARUS ap-
proach has been applied in different European cities 
of variable size starting from relatively small (Basel, 
Brno, Ljubljana) to mid-size (Stuttgart, Thessalo-
niki) to large cities (Athens, Milan and Madrid). 
They have been selected carefully to represent the 
mix of urban settings around Europe and cover the 
whole spectrum of “green urban management”. 

Here, we present the work done within the IC-
ARUS project for the second largest city in the 
Czech Republic, Brno, with about 380,000 habitants. 
Our aim was to estimate the emission reduction po-
tentials for nine air pollutants and three GHGs in 
2020-2030 following the theoretical implementation 
in 2015 in Brno of four policy measures focusing on 
transport and energy.  
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MATERIALS AND METHODS 
 

The Brno emission inventory was estimated 
based on the bottom-up approach for nine air pollu-
tants (i.e. PM10, PM2.5, black carbon (BC), organic 
carbon (OC), NOx, SO2, CO, NH3 and non-methane 
volatile organic compounds (NMVOC)) and three 
GHGs (CH4, CO2 and N2O) for the years 2015, 2020 
and 2030, following a business as usual scenario. 
The details on the emission factors (EFs) and the ac-
tivity data used are provided elsewhere [7]. Based on 
the different existing plans developed at the local, re-
gional and national levels (i.e. plan for improving air 
quality, action plan for improving air quality, sus-
tainable energy and climate action plan and sustain-
able urban mobility plan), four policy measures with 
a high potential towards the compliance of both air 
quality limit values and the reduction of GHGs emis-
sions were identified (based on their effectiveness, 
efficiency and acceptability) and their emission re-
duction potentials, with different scenarios, were es-
timated [8]. These were: M1: Promoting low-carbon 
(i.e. electric) vehicles, M2: Reduction of the motor-
ised vehicles and increase of the usage of non-mo-
torised vehicles and public transportation, M3: Re-
placement of old coal-fired boilers in residential sec-
tor and M4: Implementation of energy saving 
measures. 

Within M1, an optimistic (OPTI) and a realistic 
(REAL) scenarios were used. The traffic activities of 
low-carbon vehicles increased from < 1% in 2015 to 
1% in 2020 and 8% in 2030 under the REAL sce-
nario and to 7% in 2020 and 12.5% in 2030 for the 
OPTI scenario. Within M2, three scenarios (ZERO, 
PLAN and OPTI) were used. Within ZERO, PLAN 
and OPTI, the share of personal cars would decrease 
from 52.7% in 2015 to 38.5%, 31.8% and 25%, re-
spectively, in 2030 while the shares of pedestrians 
and cyclists would increase in the same period from 
4.7% to 14.8%, 17.6% and 35.2%, respectively. 
Within M3, it is assumed that 100% of the old coal-
fired boilers would be replaced by 2030, with a 
SLOW and a FAST scenarios assuming that 20% 
and 60% of the old coal-fired boilers would be re-
placed by 2020, respectively. Within M4, an ECO-
NOMIC and a TECHNICAL scenarios were used in 
which the extent of the implementation of measures 
improving the insulation and renovation depended 
on an economic or technical perspective, respec-
tively.  
 
 
RESULTS  
 

The emission changes of all compounds result-
ing from the implementation of the four policy 
measures are shown in Figure 1. For M1, the promo-
tion of low-carbon vehicles in Brno would decrease 
the emissions of individual compounds investigated 
by most 7%. The most affected compounds were CO 

and NH3. Moreover, an increase of the emissions of 
OC and BC in 2030 was observed, due to higher 
emissions from non-exhaust processes (resuspen-
sion), which are influenced by the vehicle weight 
which is 24% heavier for electric cars compared to 
conventional cars [9-10]. On average, for all pollu-
tants, the OPTI scenario led to 7.2 and 1.6 times 
stronger decreases in emissions compared to the 
REAL scenario in 2020 and 2030, respectively. For 
M2, this measure resulted in 8-14% emissions reduc-
tion for PM2.5, PM10, NOx or CO2 depending on the 
scenario and the year considered. Higher reduction 
potential (up to 21%) was observed for CO and NH3. 
On average, the OPTI and the PLAN scenarios re-
sulted in decreases 1.7-2.0 and 1.2-1.5 times higher, 
respectively, than those from the ZERO scenario. 
For M3, large decreases were observed for SO2 (4-
18%), PM10 (2-8%), CO (1-8%) and PM2.5 (1-5%). 
This measure led to slight increase of NH3 and OC 
emissions (up to 2%) explained by the higher EFs of 
replacement fuels compared to coal. About three 
times higher emission reductions were found for the 
FAST scenario compared to the SLOW scenario by 
2020. For M4, the largest reduction potential (up to 
12%) was seen for BC, CH4, NMVOC, OC and SO2. 
On the other hand, for CO, CO2, CH4, NH3, NOx, 
PM10 and PM2.5, the decreases observed were in the 
order of 1-9%. The TECHNICAL scenario resulted 
in about 1.5 times higher reductions than those from 
the ECONOMIC scenario both in 2020 and 2030. 
 
 
DISCUSSION 
 

Implementation of the first measure (M1 - Pro-
moting low-carbon vehicles) would lead to a de-
crease of up to 7% for all pollutants, although it is 
negligible for particulate matter. An interesting re-
view was recently published by Requia et al. [9] ad-
dressing the effects of electric mobility on air pollu-
tants and GHGs emissions and human health. The 
authors showed that the emission changes related to 
the increasing numbers of electric vehicles in urban 
areas are significantly influenced by the compound 
considered, the source of energy generation, the type 
of electric vehicle and the driving conditions besides 
other city-specific parameters (e.g. amount and den-
sity of recharging stations, climate) [9]. Compared to 
other compounds, CO2 emissions seem to be less 
sensitive to the variation in sources of energy gener-
ation [9] and significant reduction in CO2 emissions 
up to 86% could be achieved with the introduction 
of electric vehicles [9,11–14]. Similarly, large de-
creases of CO emissions were found also in other 
studies [9,15]. For NOx, PM and SO2, the changes in 
emissions are strongly dependent on the energy mix 
[9], [11-12]. For example, in regions where electric-
ity is generated primarily from coal, electric vehicles 
could significantly increase emissions of SO2 
[11,13-14,16], NOx [12-13,16] or PM [9,11–13,17]  
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FIGURE 1 

Change in emissions of all compounds investigated in 2020 and 2030 associated with measure  
M1 (a), M2 (b), M3 (c) and M4 (d) under all scenarios considered. 

 
compared to conventional vehicles. This highlights 
the need to consider both GHGs and air pollutants 
when assessing such policy measures, as contradic-
tory impacts on emissions could be found [13]. The 
energy mix in electricity production needed for elec-
tric vehicles was not considered here as it represents 
out-of-town emissions, which were not the scope of 
this study. Therefore, implementation of policy 
measures promoting electric vehicles in Brno would 
have a significant effect only if it were to be imple-
mented alongside measures increasing the use of re-
newable energies in the Czech electricity mix. In 
case of an extreme scenario with more than 80% of 

electricity generated by renewable sources, large de-
creases (up to 85%) of GHGs and air pollutants 
could be observed, while for PM, the decreases were 
more moderate [11]. 

The second measure (M2 - Reduction of the 
motorised vehicles in the city and increase of the us-
age of non-motorised vehicles and public transporta-
tion) is the one with the highest emission reduction 
potential for most of the compounds investigated. 
The differences observed between the selected sce-
narios highlighted the large potential impact of such 
measure, if a small but significant fraction of the ur-
ban population switches to cleaner transportation on 
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a daily basis. Woodcock et al. [18] estimated the 
emissions change for London and Delhi due to alter-
native scenarios linking transport patterns with phys-
ical activity and reported a larger health benefit of 
active travel and lower use of motor vehicles com-
pared to the increased use of lower-emission motor 
vehicles, which is in line with our observations. 
Therefore policies aiming at increasing the accepta-
bility, appeal, and safety of active urban travel such 
as public transport or bicycle as well as those dis-
couraging travel in private motor vehicles should be 
implemented rather than measures focusing only on 
low-carbon vehicles [18] as they would have a 
stronger positive effect on human health [19]. The 
public transportation usually transfers large amounts 
of daily passengers while its contribution to the 
emissions of air pollutants and GHGs is low [12]. 
Therefore, the implementation of policy measures 
promoting the usage of public transportation would 
not only have a positive impact for the environment, 
but also from a social perspective as it has been 
shown that it can enhance the social cohesion [20]. 

The third measure (M3 - Replacement of old 
coal-fired boilers in residential sector) resulted in 
significant decreases in 2030 for SO2 (18%), CO 
(8%), PM10 (8%) and PM2.5 (5%). Krůmal et al  [21] 
compared the chemical composition of emissions 
from the old-type and modern-type boilers, which 
are the most frequently used in the Czech Republic 
for household heating, using  different type of fuels. 
The emissions of CO, NOx, PM2.5, PM10 and SO2 
were highest for coal, particularly for the old type 
boilers [21]. Therefore, policy measures promoting 
the replacement of old coal-fired boilers with more 
recent ones (particularly the automatic ones) should 
lead to a significant decreases in the emissions of 
both GHGs and air pollutants. This type of measure 

with a high mitigation potential can be easily imple-
mented at the city level via subsidiaries compared to 
other measures (such as M2) requiring a behavioral 
change. 

The last measure (M4 -: Implementation of en-
ergy saving measures) resulted in significant 
(i.e.>5%) emission changes of BC, CH4, NMVOC, 
OC and SO2. It is worth to note that the differences 
between the two investigated scenarios were small 
while the implementation costs related to the TECH-
NICAL scenario would be significantly higher than 
those of the ECONOMIC scenario.  

Based on these results, we selected for each 
measure just one scenario. These were M1-OPTI, 
M2-ZERO, M3-SLOW and M4-ECONOMIC. For 
M1, the OPTI scenario was selected, because the 
emission changes were significantly higher when 
compared to the REAL scenario, while it could be 
easily implemented using various incentives at the 
national or local level. For M2, the ZERO scenario 
was selected, as it was considered to be the most re-
alistic scenario. As no differences were observed be-
tween the two scenarios in 2030, the SLOW scenario 
was selected for M3, which seems to be more likely 
achieved by 2020. Finally, the ECONOMIC sce-
nario was selected for M4, as it is the one most likely 
to be adopted, because the investments needed for 
the TECHNICAL scenario are too extensive for that 
measure to take place.  

Figure 2 presents a summary of the emission 
reduction potential expected in selected scenarios of 
the four investigated measures. M2, reducing the ac-
tivities of PCs, is the one showing for 2020 the high-
est reduction potential for all compounds investi-
gated except for CH4, OC and SO2.  For 2030, how-
ever, the contributions of each measure to the ex-
pected emission reduction are compound-specific. 
Reduction potential for SO2, for instance, is largely 

 

 
FIGURE 2 

Changes in Brno emissions (compared to BAU) related to selected  measures in 2020 (a) and 2030 (b) 
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driven by M3 focused on the replacement of old 
coal-fired boilers. For BC, CH4 and OC, M4 on en-
ergy savings is dominating the reduction potential. 
For CO, PM10 and PM2.5, their emission reductions 
are largely affected by M2 decreasing the activities 
of PCs and by M3 on old coal-fired boilers. It is 
worth noting that for the remaining compounds, the 
decrease potential from M3 is negligible compared 
to the other measures, and for BC, CH4, NH3 and 
OC, the implementation of M1 and M3 would even 
lead to an increase of their emissions. This highlights 
the need for an integrated impact assessment of pol-
icy measures, considering both air pollutants and 
GHGs as some measures may result in a positive im-
pact on one group but a negative one on another [5].  
To summarise, the implementation of all four policy 
measures under the selected scenarios would result 
at most in 4.5% (OC) – 26.1% (CO) emission reduc-
tions in 2030. However, we should note that sum-
ming up all the reduction potentials on several indi-
vidual measures may overestimate the overall posi-
tive effect as their interdependencies is not consid-
ered. For example, people switching to public 
transport (M2) will not drive an electric vehicle 
(M1). 
 
 
CONCLUSION 

 
In this study, we have found that the policy 

measure related to the reduction of the motorised ve-
hicles in the city and subsequent increase in use of 
soft transport (M2) was the one with the highest 
emission reduction potential for most of the com-
pounds investigated (e.g. up to 13% decrease for 
PM2.5 and NOx). Therefore, in Brno as well as in 
other cities, policies aiming at increasing the use of 
public transport or bicycle as well as those discour-
aging travel in private motor vehicles should be im-
plemented as they would have a higher positive ef-
fect on human health than those focusing only on 
low-carbon vehicles. However, these types of 
measures require a behavioral change, which is dif-
ficult to implement. Therefore, they should be com-
bined with additional policy measures which can be 
easily implemented and have a significant impact 
such as the replacement of old coal-fired boilers 
(M3) which resulted in an emission reduction poten-
tial for Brno of 5% and 18% for PM2.5 and SO2, re-
spectively.  

This study highlights the need for an integrated 
impact assessment of policy measures, considering 
both air pollutants and GHGs as some measures may 
result in reduction of one of these two groups of 
stressors but enhancement of the other. Such an inte-
grative assessment of policy measures required the 
close collaboration between various city authorities, 
administration services, policy makers and scien-
tists. This collaboration established within the ICA-
RUS project will support the city also in the future 

throughout process of development and implemen-
tation of the policy measures focused on protecting 
the environment and human health, improving the 
urban air quality, increasing resilience and combat-
ing impacts of climate change.  
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