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ABSTRACT
In spite of their positive role in the framework of circular economy, waste-to-energy processes are re-
sponsible for the emissions of a large number of air pollutants. Although this sector has made significant 
improvements in the air pollution control of primary emissions, the role of other sources (i.e. secondary 
emissions) has been often neglected. This paper aims at investigating the contributions of primary and 
secondary emissions expected from a waste gasification plant that is planned for the construction in an 
Alpine valley. The results from this analysis show that secondary emissions would play a significant 
role in the overall emissive footprint of the plant, contributing to 29% and 10%, respectively, of the 
overall emissions of dusts and total organic carbon. In the light of such results, secondary emissions 
would require an appropriate monitoring approach, which should complement the existing monitoring 
protocols for primary emissions.
Keywords: air pollutants, environmental impact assessment, environmental monitoring, gasification, 
waste management.

1 INTRODUCTION
Waste to energy (WtE) processes allow converting residual waste into electric energy and 
(optionally) thermal energy, thus considerably reducing the flow of waste sent to landfill 
[1,2]. Considered that the average heating value of solid waste is estimated as being approxi-
mately 10 MJ/kg [3,4], the choice of exploiting the energy value of waste comes naturally. 
The advantages given by the exploitation of waste residues as a source for energy produc-
tion go beyond the simple generation of electric energy and thermal energy from end-of-life 
products. The transformation of waste into energy allows increasing the lifetime and the 
values of resources, reducing waste and the use of resources at their minimum [3]. In par-
ticular, if WtE plants are properly inserted in a context of integrated waste management, the 
WtE sector can close the loop from the point of view of both material and energy recovery 
and being in concordance with the circular economy (CE) requests [5,6]. For instance, a 
well-designed integrated waste management system would consider bio-stabilisation, which 
acts on the fraction of non-recyclable municipal solid waste (residual fraction), generating 
both non-putrescible material from the organic fraction and refuse-derived fuel (RDF) from 
the inorganic one. This way, the stabilised organic fraction can be used as a landfill cover-
age material or for landscape purposes, thus minimising the production of greenhouse gases 
(GHGs) from landfills, while RDF or solid recovered fuel (SRF) can be used as a fuel in WtE 
processes, closing the loop also from the point of view of energy [7,8]. In this sense, the WtE 
sector properly complies with the concept of CE, which represents a reaction to the ineffi-
ciency of the traditional concept of linear economy in terms of resource management and also 
helps to achieve sustainable development goals [9,10]. Specifically, indirect combustion of 
RDF/SRF (i.e. gasification of RDF and combustion of the syngas generated by gasification), 
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if properly coupled with strategies for bottom ash valorisation (e.g. vitrification), has been 
recently depicted as the preferred option in a CE perspective [11]. A life-cycle assessment 
study, developed in a recent work, also highlighted that a WtE scenario would perform better 
than a recycling scenario from several points of view, thanks to the reduced secondary waste 
streams (which might increase eutrophication and human toxicity potentials) and to the lower 
use of fossil fuels with respect to recycling processes [12]. Conversely, if considered as com-
pletely separated scenarios, higher impacts are expected from the point of view of GHG 
emissions with respect to recycling, but those can be minimised if synergies between the two 
scenarios are pursued in an integrated waste management perspective.

In spite of their crucial role in integrated waste management systems and in view of a CE 
perspective, WtE plants emit various groups of air pollutants into the atmosphere. Being based 
on the combustion, pyrolysis or gasification of solid fuels, WtE plants are emission sources 
of particulate matter, heavy metals, dioxin, polycyclic aromatic hydrocarbons (PAHs) and 
gaseous air pollutants like nitrogen oxides (NOx), sulphur oxides (SOx), carbon monoxide 
(CO), ammonia (NH

3
), volatile organic compounds, hydrogen chloride (HCl) and hydrogen 

fluoride (HF), whose mass flow rates may differ depending on the type of input waste and on 
the process [13–15]. Differently from waste direct combustion processes, indirect combus-
tion consists in a thermal treatment typically of RDF/SRF carried out in the absence (pyroly-
sis) or limited presence (gasification) of oxygen to ensure reducing or slightly oxidising 
conditions that decompose the primary fuel and generate the so-called syngas, i.e. a mixture 
of hydrogen, CO, carbon dioxide, water vapour, nitrogen and hydrocarbons, which is burned 
in a combustion chamber to produce thermal energy and electric energy by boilers and gas 
turbines [16]. In the gasification process, the gaseous and particulate residues of syngas 
combustion and RDF/SRF gasification are released into the atmosphere by a stack. Com-
pared to direct combustion, gasification ensures lower emissions, thanks to more uniform 
combustion conditions, higher energy efficiency, higher temperature and reduced oxygen 
content [17,18].

However, the primary stack is not the only emission source from WtE plants: depending on 
the processes in use, there may be a variable number of different additional emission sources 
that can release air pollutants. Such secondary minor emission sources may entail a non-neg-
ligible and significant impact on the environment. In addition to the emissions that originate 
from road transport (e.g. the supply of RDF/SRF to a WtE plant and/or the removal of com-
bustion/gasification solid residues), other emissions may be related to activities regarding the 
management of the incoming waste, of the slag/ashes generated by the combustion process, 
of the reaction products of the air pollution control system and of the energy conversion tech-
nology in use (e.g. turbines). The literature on the WtE sector lacks of publications on the 
role that secondary emissions may play in the overall emissive footprint of WtE plants. Both 
primary and secondary emissions should be carefully taken into account during the authorisa-
tion procedure of new plants, which should be compatible with the presence of other civil or 
industrial activities already in operation in the area and with the overall local impacts on the 
population and the environment.

In the European Union, the emissions from WtE plants are regulated by the European 
Directive 2010/75/EU [19]. The authorisation processes of a WtE plant is regulated by the 
European Directive 2014/52/EU that reviewed the Directive 2011/92/EU in several aspects: 
‘purely’ procedural requirements, screening, quality and monitoring [20–22]. Although the 
cumulative effects of environmental impacts have been introduced in the European legis-
lation since the 1980s of the last century with the Directive 85/337/EEC, only rarely the 
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combined effect due to the presence of secondary emission sources and of existing civil or 
industrial activities has been considered in the monitoring phase and in the compensation 
strategy [23,24].

In the present paper, we analyse the effects of the secondary emissions of a WtE plant 
that is planned for construction in the Alpine area of Italy and we propose a compensation 
strategy that considers to intervene not only on the plant in project, but also on the possible 
modifications to the authorisations of existing or no longer operational plants.

2 MATERIAL AND METHODS
In order to exemplify the issue of secondary emissions from WtE plants, the case of a waste 
thermal treatment plant is presented here. The plant is currently under evaluation by the 
local environmental authority for authorisation [25]. The waste management company that 
proposed the construction of the plant intends to build this in an Alpine valley in the north of 
Italy. The plant would be located at about 800 m from the eastern slope of the valley, which 
is oriented North-South and is 2.6-km wide at the cross-section passing through the hypo-
thetical location of the plant. The plant’s location would be an industrial area, with about 
10 pre-existing industrial activities, surrounded by cultivated fields, primarily vineyards and 
apple orchards. The plant would be located about 600-m west from a Site of Community 
Importance defined by the European Commission. Small villages are present in the stretch of 
valley considered, at distances >1.4 km from the hypothetical location of the plant (Fig. 1). 
At the plant’s location, the wind mainly originates from East-Northeast and South-Southeast.

Figure 1:  Details of the hypothetical location of the WtE plant (red dot), of the industrial area 
(yellow polygon) and of the highway (orange line) [26].
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The plant is designed to treat 95,000 t/year of RDF (European Waste Catalogue – EWC – 
code 19 12 10), other non-hazardous wastes from mechanical treatment of wastes (EWC code 
19 12 12) and minor contributions from other industrial wastes. The plant is able to perform 
the gasification of the input waste, the combustion of the syngas, the production of thermal 
energy through a boiler and the conversion to electric energy through a turbine. In addition, 
the peculiarity of this plant is the ability to carry out the vitrification of the residues of waste 
gasification contemporarily to the gasification process itself. To do this, coke is inserted (with 
a mass flow rate of 5,000 t/year) as an auxiliary fuel to allow increasing the temperature to 
about 1,600°C–2,000°C in the bottom part of the reactor. The syngas combustion is carried 
out in a secondary upper compartment integrated in the main combustion chamber, where the 
input waste and the coke are inserted. Methane is used as the auxiliary fuel to initially ignite 
the syngas. The maximum thermal power of the plant is 69 MW, enabling the use of a turbo 
generator with nominal capacity of 17 MW

el
, which is estimated to produce about 100 GWh/

year of electric energy. The thermal line is equipped with a heat recovery system. The exhaust 
gas, whose volumetric flow rate would be 107,000 Nm3/h, is released by a 45-m high stack with 
a diameter of 1.8 m, at a temperature of 130°C or 181°C, in case the thermal energy is recovered 
for district heating or not, respectively. Before leaving the stack, the exhaust gas passes through 
a cyclone for coarse particle removal, a first bag filter with the injection of sodium bicarbonate 
and activated carbon to abate chlorine- and sulphur-containing compounds, a Venturi scrubber 
for acidic gas removal, a second bag filter and a selective catalytic reduction system. The ashes 
recovered by the cyclone and the reaction products are stored in two separated silos.

In Europe, WtE plants must comply with the Directive 2010/75/EU concerning the concen-
tration limit values of several air pollutants at the stack level [19]. Specifically, limit values 
are set for the following pollutants: total suspended particles (TSP), total organic carbon 
(TOC), HCl, HF, sulphur dioxide (SO

2
), NOx, CO, NH

3
, cadmium and thallium (Cd + Tl), 

mercury (Hg), other heavy metals as a group (arsenic, antimony, cobalt, chromium, nickel, 
lead, manganese and vanadium), PAHs, dioxins and furans (PCDD/Fs) and polychlorinated 
biphenyls (PCBs). For the case study, the proponent ensures the compliance of the plant with 
lower limit values, as reported in Table 1.

As anticipated, in addition to the main stack (which generates primary emissions, E1), 
every WtE plant has additional emission sources leading to secondary emissions of air pol-
lutants. In the case object of this study, secondary emission streams consist in:

• the vent of the silo dedicated to the storage of the ashes recovered by the cyclone (E2a);

• the vent of the silo dedicated to the storage of the sodium-based reaction products (E2b);

• the discharge of the air blown from the chamber collecting the incoming waste (E3);

• the emergency electrical generator (E4);

• the discharge of the aspiration system of dusts from the indoor spaces (E5);

• the discharge of the aspiration system of oily aerosols from the compartment of the turbo 
generator (E6).

Table 2 reports the characteristics of the secondary emission sources and the concentration 
limit values of the emissions of the expected air pollutants. In the case of E3, the plant would 
be able to ensure lower concentration values of TSP and TOC than the concentration limit 
values set by the Directive 2010/75/EU [19].

Since the electrical generator is supposed to operate only in emergency situations, it is rea-
sonable to neglect E4 from the potential contributions of secondary emissions to the overall 
emissions of the plant.
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Table 1:  Regulatory limit values and guaranteed limit values for the pollutants released by 
the stack as regulated by the Directive 2010/75/EU [19,25].

Pollutant Concentration limit 
value

Guaranteed limit value Averaging period

TSP 10 mg/Nm3 1.5 mg/Nm3 24 h

30 mg/Nm3 16 mg/Nm3 30 mina

TOC 10 mg/Nm3 10 mg/Nm3 24 h

20 mg/Nm3 18 mg/Nm3 30 mina

HCl 10 mg/Nm3 2 mg/Nm3 24 h

60 mg/Nm3 50 mg/Nm3 30 mina

HF 1 mg/Nm3 0.25 mg/Nm3 24 h

4 mg/Nm3 4 mg/Nm3 30 mina

SO
2

50 mg/Nm3 10 mg/Nm3 24 h

200 mg/Nm3 180 mg/Nm3 30 mina

NOx 200 mg/Nm3 40 mg/Nm3 24 h

400 mg/Nm3 150 mg/Nm3 30 mina

CO 50 mg/Nm3 50 mg/Nm3 24 h

150 mg/Nm3 130 mg/Nm3 30 mina

NH
3

30 mg/Nm3 10 mg/Nm3 24 h

60 mg/Nm3 60 mg/Nm3 30 mina

Cd + Tl 0.05 mg/Nm3 0.025 mg/Nm3 8 h

Hg 0.05 mg/Nm3 0.025 mg/Nm3 8 h

Other heavy metals 0.5 mg/Nm3 0.25 mg/Nm3 1 h

PAHs 0.01 mg/Nm3 0.01 mg/Nm3 8 h

PCDD/Fs 0.1 ng-ITEQ/Nm3 0.025 ng-ITEQ/Nm3 8 h

PCBs 0.1 ng-ITEQ/Nm3 0.1 ng-ITEQ/Nm3 8 h
a In a 24-h period.

3 RESULTS AND DISCUSSION
The characteristics of the secondary emissions presented in Table 2 can now be summa-
rised in terms of mass flow rate of the emitted categories of pollutants. In order to compare 
the contributions of secondary emissions with the primary emissions, the mass flow rates 
of the same categories of pollutants considered for E2-E6 (with the exclusion of E4) were 
calculated for E1 (Table 3). The mass flow rates for E1 were calculated in terms of the con-
centration values guaranteed by the plant (Table 1) and by considering the normalisation of 
the stack concentrations of TSP and TOC to the estimated oxygen percentage of the exhaust 
gas (6.4%). Guaranteed stack concentrations were considered also for TSP from E3 and E5, 
while the concentrations of TOC and of TSP related to the remaining emissions sources were 
regarded as limit values, according to the Directive 2010/75/EU [19], in the absence of more 
precise information on the performance of the plant. Furthermore, in the case of E3, the mass 
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Table 2:  Characteristics of the secondary emission sources and the concentration limit values 
(on a daily basis) of the emissions of the expected air pollutants [19].

Emission  
source

Airflow rate 
[Nm3/h]

Emission  
frequency  
[h/year]

Pollutant Concentration limit 
value [mg/Nm3]

Height of release  
point [m]

E2a   500 8,760 TSP 10 23.0
E2b   500 8,760 TSP 10 21.0
E3

10,000a 1,000
TSP 2b

41.5
TOC 10

68,150c 1,368
TSP 2b

TOC 10
E5 31,000 TSP 2b 41.5
E6   100 8,760 TSP 10 10.0
a  During maintenance periods, the air extracted from the waste chamber is released into the atmos-
phere after mechanical filtration and activated carbon adsorption.

b Values guaranteed by the plant.
c  During normal operation of the plant, the air extracted from the waste chamber is used as combus-
tive agent in the combustion chamber, after mechanical filtration.

flow rates of TSP and TOC reported in Table 3 consider the sum of the annual contributions 
from the emissions related to normal operation and to maintenance periods. Only in the case 
of normal operation, the stack concentrations from E3 (2 mg/Nm3 and 10 mg/Nm3 for TSP 
and TOC, respectively) were corrected on the basis of the oxygen content of the exhaust gas.

For a better visualisation of the role of secondary emissions, Fig. 2 reports the percentage 
contributions of E1–E6 (with the exclusion of E4) to the total mass flow rates of TSP and 
TOC. For the present case study, secondary emissions would contribute, in total, to 29% and 
10% of the overall emissions of TSP and TOC by the waste gasification plant, respectively. 
The contributions of E2a, E2b and E6 are not significant with respect to the authorised total 

Table 3: Mass flow rates of TSP and TOC from all the emission sources of the plant.

Emission source Pollutant Mass flow rate [t/year]

E1
TSP 2.053
TOC 13.685

E2a TSP 0.044
E2b TSP 0.044
E3 TSP 0.292

TOC 1.461
E5 TSP 0.458
E6 TSP 0.009
All secondary emissions TSP 0.847

TOC 1.461
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emissions of TSP from the plant. However, E3 and E5 can generate emissions of TSP and 
TOC (only for E3) that cannot be neglected when estimating the overall footprint of the plant.

Such considerations let conclude that a monitoring activity should be implemented to keep 
secondary emissions under control, in the light of the fact that their contribution cannot be 
neglected when considering the overall impacts from a WtE plant. In addition, the emission 
sources E3 and E6 are characterised by lower release heights in comparison with E1. Conse-
quently, the atmospheric dispersion of the pollutants released by secondary emissions might 
be weaker with respect to the effluent from the primary stack. The more a WtE plant performs 
well in terms of removal of air pollutants from the air pollution control system of the primary 
stack, the higher contribution is expected from secondary emissions. The monitoring of sec-
ondary emissions could be part of the environmental monitoring plan that must be drafted 
during the environmental impact assessment procedure.

The evolution of the technology in the sector of WtE plants, integrated with adequate miti-
gations, can allow reaching a level of environmental impact that can be negligible locally and 
could help to increase the level of acceptance of these plants by the community [27,28]. In 
this context, the role of compensations of primary and secondary emissions is crucial, open-
ing also to interesting opportunities for the territory [11] in terms of local compensations (e.g. 
introducing criteria of pollution-offset trade, supporting zero landfill strategies, introducing 
traditional or electric district heating), and of global compensations (e.g. through carbon 
capture or purchasing CO

2
 emissions quotas).

Moreover, the design of a new WtE plant should consider the possibility to be settled in 
existing areas substituting industrial activities (many are the cases of closed factories with 
active permissions to emit).

4 CONCLUSIONS
In the light of the considerations expressed above, secondary emissions from WtE plants may 
give significant contributions to the overall emissions of air pollutants from this sector. In the 
presented case study, the secondary emissions of TSP and TOC account for 41% and 11% 

Figure 2:  Percentage contributions of primary and secondary emission sources in terms of 
TOC and TSP.



 Marco Schiavon et al., Int. J. Environ. Impacts, Vol. 3, No. 1 (2020) 91

of the corresponding primary emissions, respectively. A deeper knowledge of the guaranteed 
emission values from secondary emissions (E2a, E2b and E6, in this case) would slightly 
decrease these contributions. Different percentages are expected from different plants, since 
secondary emissions depend on the waste combustion technology in use, on the management 
of the incoming waste, on the type of input waste and on the air pollution control system. The 
latter might change from plant to plant. Thus, the comparison of secondary emissions with 
the primary emissions may change case by case. The implementation of an environmental 
monitoring plan for secondary emissions (at least for the emission sources that are believed 
to contribute significantly to the overall emissions from a plant) would help both keeping 
additional emission sources under control and deriving emission factors that could be con-
veniently adopted in dispersion modelling for more accurate simulations of the impacts of 
a plant.

In this view, the compensation strategy of a new WtE project should include the total effect 
of primary and secondary emissions in order to evaluate the overall effect of the new plant. 
Technical and economical compensation strategies for the reduction of the emissions also 
includes the possibility of acquiring and closing existing factories that constitute an existing 
source of local pollution, or including secondary emissions, never before considered. In this 
sense it is desirable to start monitoring these emissions to include them in emission invento-
ries from specific sectors.

Finally, in the compensation strategy, it is possible to include also the CO
2
 balance of the 

new project, in order to parameterise the compensation choices also on the basis of a param-
eter of fundamental importance for achieving the objectives of the Paris agreement. 
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