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Abstract. Compensations are part of the pathway of design of a thermochemical plant. The evolution of the technology of 

this sector, integrated with adequate mitigations, can allow reaching a level of environmental impact that can be negligible 

locally. In spite of that, the local acceptance of modern plants is still critical. The global impact on the environment is more 

complex to define because of the variability of input of the plants. In this context, the role of compensations is very 

important, opening also to interesting opportunities for the territory, as demonstrated by the analysis reported in this article.  

INTRODUCTION 

The present article analyses the opportunities that enhanced technologies of waste-to-energy plants can give to a 

territory thanks to the reduced environmental impact that can be reached today. The matter is not only technical as the 

social aspects are particularly relevant in this case. The role of the non-technical synthesis of the design and the 

environmental impact study is strategic for a correct interaction with the population.  

For a better understanding of the topic, it must be taken into account that:  

 Global environmental impact refers to the CO2 balance; 

 Local environmental impact refers to macro and micro-pollutants effects, as well as effects on the landscape, 

on the acoustic wellbeing, on protected areas, etc. Impacts caused by the non-ionizing radiations are taken 

into account too; 

 Global opportunities for the territory refer to the possible opportunities on a large scale, at least regional;  

 Local opportunities for the territory refer to the possible opportunities on a small scale, beneficial at municipal 

scale and for the surrounding municipalities. 

 Compensation can be defined as the wide array of actions the can be implemented in order to compensate the 

environment where human development projects affecting it take place (on the contrary, mitigation can be 

defined as all the actions that can be implemented in order to reduce the impact on the environment of the 

aforementioned human activities). 

REFERENCE SCENARIO ANALYSIS 

Location and Technology 

The reference scenario is defined from a recent proposal for a thermochemical plant in Italy [1]. The proposed site 

for the construction of an indirect combustion treatment plant for Solid Recovered Fuel (SRF) and special waste 

(95,000 t/year as input in total, for a design heat power of 69 MW) is located in an industrial area. The proposed 

technology put together gasification and combustion, with an integrated vitrification of the inert fraction of the input. 
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The industrial area is bounded by an international railway enbankment, while to another side it borders an international 

highway. The site is in an industrial area authorized in the frame of an agricultural territory subjectable to flooding 

due to river floods. Due to the fact that the site is located within an existing industrial area, the heavy vehicles 

converging to the plant can take advantage of the road network already implemented for this area. In regard to sensitive 

places, there are no schools within 2 km of the plant. There are no residential areas within a radius of 450 m from the 

site identified for the construction of the new plant. There are cultivations, mainly apple orchards, immediately behind 

the railway enbankment. A particularity of the proposal is the availability of 65,000 t/year of SRF as output of an 

existing treatment plant just close to the site chosen for the proposal. In the territory, there is already a tradition to 

exploit the energy content of waste thanks to anaerobic digestion of food waste in reactor [2], incineration with energy 

recovery from all the residual municipal solid waste (RMSW) collected in the province [3], pyro-combustion of 

sewage sludge [4], whilst mechanical biological treatment of RMSW [5] is no longer performed. 

As explained, the resulting scenario (technology and schematization of the context) is analyzed in order to find 

aspects of general interest. 

 

Global environmental impact 

A detailed assessment of the CO2 balance related to the construction of a new plant can only be done after a first 

period of operation, considering the composition variability of the incoming waste (both in terms of Carbon content 

and in terms of biomass equivalence). The assessment depends in fact on parameters that can have an extremely 

variable trend during the operation of the plant, such as the European Waste Code of the incoming waste, its lower 

heating value, its materials composition, its Carbon content and its renewability [6-9]. 

Assuming that the incoming waste has known chemical composition, heating value and biogenic fraction, a first 

assessment allows checking, in comparative terms, whether the construction of the plant can bring benefits with 

respect to the current state. In practice, the emissions of CO2 to be accounted can vary from zero to tens of thousands 

of tons per year [10,11]. 

The official targets to be accounted referring to CO2 balances make it necessary to discuss compensatory options 

as these targets are in general related to a significant growing percentage of production of electricity from renewable 

sources.  

The results of the comparison between the current waste management scenario and the future one resulting from 

the construction of a new plant should also be considered in a more general context than the overall CO2 balance. For 

example, analysing the macro and micro pollutants balance, it may be observed that some emission factors of a 

proposed plant can be more virtuous than those of the existing ones where the waste locally produced is presently sent 

for energy recovery. This means that the construction of a new plant could minimize not only the emissions of dusts, 

NOx, etc., related to waste transport if its construction reduces the mileage of the trucks, but also the quantity of 

pollutants emitted into the atmosphere compared to the current treatment scenario [13-16].  

Local Environmental Impact 

The assessment for the conventional macro-pollutants impact (NO2, SO2, CO and some VOCs) ends with the 

comparison between the concentrations of these pollutants in the air and their target limit values for the protection of 

the air quality. Indeed, indirect exposure effects, i.e. that do not involve direct inhalation of macro-contaminants, cause 

negligible contributions to the total exposure of an individual, even more so when compared to the effects of direct 

inhalation. 

On the other hand, for other types of pollutants, indirect exposure pathways could determine non-negligible 

impacts, even dominant for various compounds. This is the case of the so-called toxic and persistent atmospheric 

pollutants, which include heavy metals, PCDD/F, PCB and PAH, whose characteristics of persistence and 

cumulability in the environment require a more complex approach in order to estimate the health risk associated with 

the exposure [17-20]. In fact, from the methodological point of view, the study of their impact on health cannot be 

separated from the evaluation of the multiple pathways which these substances can go through to reach the exposed 

subjects. 

The results for the macro-pollutants in the reference case show a negligible contribution on the territory compared 

to the base values, also in the case of the NOx, considered in the territory the most important pollutant due to the 

proximity of the cited motorway [1]. 

For what concerns the results of the risk analysis, although the risk is lower than the tolerable value, Chromium(VI) 

emitted from the incineration plants can play a potentially non-negligible role [21,22,23] because there is not a specific 



limit for it. The competent authority was therefore advised to integrate the present regulation concerning Chromium 

emissions in order to prevent problems [1].  

Mitigations 

The reduction of the environmental impacts can be obtained not only thanks to the choice of a modern technology 

but also by site-specific design decisions. In particular: 

 To take into account the problem of NOx, a plant can be designed with a Selective Catalytic Reduction system. 

The technology allows reaching the best results when coupled with combustion control systems: e.g. a partial 

recirculation of the combustion off gas; this process leads to a reduction in the quantity of NOx produced, 

especially when using a gaseous fuel, as in this case. 

 The reference case demonstrates that a high level of compactness can be obtained by rationalising the various 

plant parts and by reducing the plant height as much as possible; to this concern, a good level of pollutant 

dispersion is achievable by setting high off gas velocity at the stack. This approach should be analysed for 

each new proposal. 

 In the reference case, in order to mitigate the impact of the stack on the birds of prey from a nearby park, it 

was planned to implement visual warnings for birds to further reduce the risk of collisions. Generally 

speaking, a low stack can help but cannot put to zero the impact on birds, thus compensatory actions are 

required. 

 Concerning flood risk management, the implementation of new protected areas according to more recent 

regulations can make available an area safer than the rest of the industrial zone. That because the existing 

facilities could have been built with less tight rules; thus, a new plant could be an opportunity of improvement 

for the whole industrial area from the hydraulic point of view, if adequate mitigation actions are implemented 

(as a special wall protecting the area of the plant). 

Global and Local Opportunities for the Territory 

Global and local opportunities/implications for a territory that can derive from the construction of a proposed plant 

are indicated below:  

 From the economic point of view, the availability of an additional treatment capacity for the special waste 

produced in a territory may result in lower cost for the companies operating in the region, as cost for transport 

change. 

 A new plant can contribute to reduce the electricity import of a region (even if the average consumption can 

be covered by local energy sources, peaks of demand could make necessary a temporary input; a new plant 

could reduce it). 

 The grand total of the investments for the construction of a new plant, such as the one of the reference case, 

exceeds € 120,000,000, whose about 70% are construction costs [1]; this amount can be an important 

opportunity for the local economy; that can be considered an advantage for every new plant. 

 The construction of a new plant leads to the creation of some dozens of job positions, at various levels of 

specialisation. 

 In the reference case, the dismantling of an existing industrial plant for land need can have positive 

implications on the local balance of emitted pollutants. This aspect deserves a specific attention, as the 

advantages can be higher than the expected, thanks to the results reachable today in the emissions reduction 

from new plants. 

 The originality of the technology proposed for a new plant in the European context might favour 

technological tourism initiatives. 

 The related environmental monitoring plan can raise the knowledge level of the territory in regard to the 

current situation. 

 The reorganization of the traffic flows might have positive effects on the area. 

 As explained, the construction of a new plant can create a refuge area against floods, safer than the ones 

already present. 



Global and Local Compensation Hypotheses 

Some hypotheses of overall compensation are reported as follows. 

 Purchase of CO2 emission quotas. The plant operator can offset the emissions of greenhouse gases by 

addressing the European emission trading scheme, the instrument adopted by the EU, according to the Kyoto 

Protocol, to reduce the emissions of greenhouse gases in energy-intensive sectors. Each authorized plant must 

annually monitor its emissions and offsets them with emission allowances (European Union Allowances, 

EUA and European Union Aviation Allowances, EUAA – both equivalent to one tonne of CO2 eq.) that can 

be bought and sold on the market. Plant managers can therefore choose the most economically competitive 

combination between the investment to reduce emissions (with the introduction of low carbon technologies, 

changes the energy mix, energy efficiency measures) and the purchase of quotas. 

 Containment of CO2 emissions. The possible financing of a research for the development of a new product 

derived from biomass through the hydrothermal carbonation process (e.g. hydro-biochar), which would 

replace the metallurgical coke used to support the vitrification of ash in the reference case, can be the 

opportunity for the development of a start-up. This approach can be alternative (even partially) to the 

purchase of CO2 quotas and is suitable for all similar technologies. 

 Carbon capture and storage. The low oxygen content featured by the off gas generated by the proposed 

technology makes it interesting to apply the capture of CO2 from that off gas. The research for the 

development of know-how on this matter can be the opportunity for the development of a start-up with 

benefits not only at local scale. Even this approach can be alternative (even partially) to the purchase of CO2 

quotas and is suitable for all similar technologies. 

 New sports centre served by district heating (swimming pool). This is a hypothesis of compensation in 

the reference case, but could be interesting to check for every new plant proposed, as the cost for the heat 

needed in the centre could be even zero. The sport centre could be the only user serviced by the heating 

distribution, if electricity generation is maximised. More in general, the matter co-generation and district 

heating requires a time consuming technical-economic analysis with an adequate detail to be sure about cost 

and benefits of the choices of energy exploitation to do in the territory.  

 Incentives for electric mobility. Along with the construction of a new plant a recharge station (with reduced 

rate for electricity purchase) for electric vehicles could be installed; this station could be located at the 

aforementioned sports centre in order to exploit the time spent there by the users. 

 Electricity at reduced rate. With appropriate agreements, there is the possibility to supply electricity within 

the area of the new plant in a discounted form or even at no cost for certain categories. 

 Optimization of the zero-landfill option. The plant produces a vitrified material that can have destinations 

different from the landfill disposal. Options for its valorisation can be studied with an industrial research, 

thus creating an opportunity of developing an End-of-Waste solution of European interests and in line with 

the circular economy principles. To this concern, an integrated vitrification seems to be fully coherent with 

the circular economy vision. 

 Integrated environmental management for the industrial area. When a plant is proposed for an existing 

industrial area, the synergies that can be implemented locally in terms of pollutant emission reduction 

compared to the limits set by the regulation suggest the possibility to study a collective approach in the area 

to set common targets for the emission reduction. In practice, a compensation could be the investment of 

money to decrease the emissions from an existing plant to make room for the new plant.  

 Landscape improvement. In an integrated manner, useful solutions can also be aimed to improve the impact 

on the landscape of the industrial area. In this case, synergies can set a new standard for a more advanced 

management of the territory in terms of overall colour rendering, also involving the existing plants. 

 Park management. In the reference case, a monetary compensation has been assessed to study how to 

decrease the impact of the plant on the route of specific birds. That could be typical if a new plant is proposed 

not far from protected areas. 

 Future utilities. In regard to the possibility to supply heat to any user that became available in the first few 

years after the construction of the plant, it should be noted, in particular, the possibility of favour an evolution 

process aiming to the integration of the agricultural products transformation activities thanks to the presence 

of a low-cost energy source. 



DISCUSSION 

In Table 1 a summary of all the mentioned aspects are reported in a generalized form, in order to understand the 

potentialities that enhanced waste-to-energy plants can give to a territory. The table could be used to check the 

potentialities of every new proposal. 

Among the variety of compensations and non-compensative positive effects, special attention should be put to one 

of the opportunities that an energy generation plant could give: the construction of a sporting area (specifically for 

water sports) when not already present. This opportunity, favored by the low cost of electrical energy and heat that 

can be obtained involving the constructor of the waste-to-energy plant in the initiative, offers also new jobs, a new 

perception of the industrial area (from the social point of view), a contribution to the evolution of the mobility (thanks 

to a new station of recharge for electrical vehicles) and a general improvement of the local wellness.        

TABLE 1. Compensative and non-compensatory aspects to be checked for new proposals. 

Local compensations Main beneficiaries  

Introducing criteria of pollution-offset trade Population 

Supporting zero landfill strategies Public Administration and indirectly the population 

Supporting the study of natural areas Public Administration and indirectly the population 

Supporting new sporting areas (heated) Population 

Supporting electrical mobility  Public Administration and population 

Electricity at low cost Public Administration and population 

Low cost heat for specific agricultural activities Enterprises 

District heating Potentially all 

Global compensations Main beneficiaries 

Purchase of CO2 emission quotas Public Administration and the global polulationpopulation 

Containment of CO2 emissions (coke substitution) Public Administration and the global polulationpopulation 

Carbon capture (and storage or use) Public Administration, enterprises and global population 

Non-compensatory positive aspects Main beneficiaries 

Improvement of chromatics of the area Local population 

Environmental characterisation of the area Population 

New jobs Population 

Dismantling existing industrial activities Population 

Potential reduction of traffic Population 

Create a refuge area against floods Population 

Technological tourism Local enterprises 

Local investment Local enterprises 

No longer special waste export Public Administration 

Reduction of electricity import at peaks of demand Public Administration 

CONCLUSIONS 

The contents of this article can be a good reference for new proposals in the age of circular economy and climate 

change targets.  The resulted frame demonstrates that high quality proposals can become an opportunity for a territory, 

condition that the population is correctly informed and the political decisions are made without prejudices that often 

characterize the sector of waste-to-energy plants. Opportunities concern both the local scale and the regional one, both 

the population and the enterprises and the Public Administration. As highlighted in the Discussion section of this 

article, high quality proposals can be a driving force for enhancements in the environment management (e.g. pollution-

offset trade), in the wellness of the population (e.g. new sporting areas), in the local economy (e.g. job opportunities, 

not only at the new plant), in the technological expertise (e.g. bottom ash vitrification, in the case study).     
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