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Theme 1: Sludge treatment 
 

Background and general description 
 

Sewage sludge is one of the major issues at the heart of the sustainable management of the integrated 

water service. Nowadays, the sludge’s disposal, which is carried out in different ways following the 

evolution of legislation and technology, represents a significant cost item in the budgets of sewage 

treatment plants. Alternatively, in recent years, sludge has taken on a different value for the 

governments and the major players in this sector which have started to think about sludge as an 

important resource in terms of circular economy. It could also mean as a potential raw material to 

produce biogas and biomethane, eco-fertilizers, for the exploitation of phosphorus and nitrogen, to 

be reused in the most advanced industrial sectors and in agriculture, and cellulose.  

Sludge from wastewater treatment is subject to waste regulation, guidance regulations on waste 

management (priority of management) and limitations on landfill disposal of recoverable organic 

waste; Moreover, the increased production of sludge, as well as the related economic assessments, 

lead to a more careful consideration of the possibilities for the reuse/recovery of sludge. The obstacles 

to the recovery of sewage sludge are various, such as the technical and operational limits, the 

regulatory uncertainty and the different regional legislation, with important consequences on 

management and costs for water companies. 

Water Alliance therefore needs a strategy that encourages the adoption of innovative technologies, 

through the experimentation and research of advanced solutions for the minimization and recovery 

of sludge. Moreover, it would be essential to create an efficient system through processes optimized 

for energy recovery and efficiency, up to plants to produce biomethane. 

Theme 1.1: Technologies and solutions allowing to reduce the volumes of sludge to 

manage deriving from the wastewater treatment 

 

The wastewater’s sludge treatment, because of the treatment of water increasingly pushed is 

constantly growing. This is shown by the presence and the quality of sewage treatment plants, which 



will also have to be increased to respond to the rising reuse of purified water in civil, productive and 

industrial domestic contexts. 

In 2019, the amount of sludge from the treatment of urban wastewater produced on the national 

territory amounted to over 3.4 million tons (ISPRA data) and Lombardy is one of the regions that 

produces the largest amount. Domestic production increased by 8.9% compared to 2018 and by 7.3% 

compared to 2017, when 3.14 and 3.18 million tons were produced respectively.  

The transport of these large quantities of waste is costly and very complex by a bureaucratic point of 

view. Furthermore, it is important to highlight the criticalities due to the geographical conformation 

of Lombardy and the location of sewage treatment plants. This has a significant environmental impact 

linked to the disposal of sewage sludge.  

For this reason, the main objective of sludge treatment is the reduction of the volume of sludge to be 

handled. The percentage of dry matter in sewage sludge varies according to the process which 

generated it. The weighted average concentration of the Water Alliance purifiers is around 22.5-

23.9%, with the objective of achieving a weighted average concentration of dry sludge more than 25%.  

 

In the dehydration phase, it is possible to add flocculant polyelectrolytes that facilitate the 

dehydration of the mud. This phase consists of an operation that allows to bring the sludge to a solid 

consistency that allows the easy handling (so-called palabilità) for the subsequent recovery or disposal 

phase. 

 

On this topic Water Alliance is looking for innovative solutions that allow the "dewatering of the mud" 

and therefore the reduction of the volume of the sludge through technologies of physical, chemical, 

thermal, or biological type, which results in an increase in the dry matter in the sludge or, in any case, 

in a greater efficiency in the separation of the liquid from the solid leftover. 

 

Theme 1.2: Innovative applications of technologies of dehydration or biological drying 

to the treatment of sludge  
As already mentioned in the previous paragraphs above, one of the main problems of sewage sludge 

management is related to their high volume, consisting largely of water. This is generally addressed 

using volume reduction processes based on thermal, mechanical, or chemical physical treatments. 

Since the treatment of urban wastewater is based on biological processes, there is also a growing 

tendency to try to exploit this same type of approach also in the dehydration of mud, following a 

paradigm that aims at decreasing the energy consumption and management and an increase in the 

sustainability of the process. In this context, we can mention the use of biological reagents, such as 

enzymatic mix, to promote the dehydration of mud by replacing similar chemical additives of fossil 

origin. Another aspect to focus on is the exploitation of some metabolic characteristic of the micro-

organisms present in the mud to promote volume reduction processes, whether it be Bio-flotation, 

obtained by working on denitrification of the biomass, or bio-drying, which uses exothermic heat 

spontaneously generated by the bacteria present in the mud in an aerobic environment. The main 

limit of the biological processes compared to the chemical-physical or thermal processes is the 

reaction time, generally higher, which can therefore lead to an increase in the volumes necessary to 

manage the same masses of mud, which is not technically possible in all sewage treatment plants. 



On this topic, Water Alliance is looking for technological solutions based on biological processes to 

reduce the volume of urban sewage sludge, optimizing the aspect of reaction times to limit the impact 

on the configuration of sewage treatment plants. 

 

Theme 1.3: Identification of alternative processes and paths for the management of 

sewage sludge 
 

The primary aim of the sewage sludge line is to improve the characteristics of the sludge produced by 

the water line so that it can be properly disposed with a minimum economic and environmental 

impact. The plants managed by Water Alliance have different characteristics but can still be 

represented according to a classic scheme, as detailed below. 

The sludge coming from the water line is conveyed to a pre-thickener, where it is concentrated and 

undergoes a decanting process with a consequent decrease in volume. It follows a biological 

stabilization process, a complex of metabolic processes through which the putrescible organic content 

of sludge is transformed into simpler stable substances. This can happen in an aerobic environment 

rich in oxygen, in which those processes of assimilation and biological degradation of the organic 

substances present in the mud are completed. Alternatively, stabilization takes place by anaerobic 

digestion: the sludge inside the digester is heated by heat exchanger and kept in agitation to allow the 

recovery of biogas resulting from the anaerobic metabolism of specific bacteria. The anaerobic process 

therefore has the advantage of allowing energy recovery also.  

The stabilized sludge can thus be sent to mechanical dehydration, after an adequate post-thickening 

process, where it is concentrated and undergoes a further decantation process with a consequent 

decrease in the volume of sludge to be treated.  

In recent years, at different levels of development, new process solutions have been proposed aiming 

to further optimize the efficiency of the sewage sludge management chain, aiming, for example, to 

minimize production during the biological process by injecting pure oxygen, or, in the case of 

stabilization under anaerobic conditions, to add pre-treatments intended to increase the potential for 

energy recovery, or by thermal hydrolysis or oxidative treatments, while promoting a further 

reduction in the mass to be disposed of. Further solutions at a plant level see the introduction of 

primary filtration systems, based on canvases of different mesh sizes mounted on rotating supports, 

as more compact solutions to replace primary sedimentation tanks. 

On this topic, Water Alliance is looking for new process solutions or alternative management paths for 

sewage sludge, which can be inserted alternately or in an integrated way on the water line and the 

sludge line, to reduce operating costs and increase the sustainability of the process. 

 

Theme 1.4: Use of sludge for the creation of new materials/agglomerates to be reused  
 

Sustainable alternatives to fossil fuels has become an increasingly important issue, then raw materials 

or waste from biological sources are now considered a viable alternative to produce energy or fuels. 



 Gradually, this transition is also affecting the materials sector regarding the consumer goods, the 

manufacturing industry, or the commodities’ field, thanks to a rewarding policy by the public 

government through economic incentives about the adoption of potential biological origin of some or 

all the raw materials. As well the sustainability aspect, this transition is also driven by uncertainty 

about the state of fossil resource reserves and the volatility of their prices. 

In this context, and in response to the increasing attention to the circular economy and sustainability, 

sewage sludge can also be used in the field of materials, thanks to its specific composition, which 

presents in addition to the organic fraction, also a mineral part. In some cases, these uses are limited 

by regulatory issues, related to strict technical specifications of the sector that do not allow the use of 

sewage sludge, and so are necessary treatments of various nature (e.g. thermal, chemical, etc...) to 

make the mud suitable. 

The supply chain of the world of materials has a significant potential for sludge management, since ( 

given the size of the industry) an application in that field would allow to absorb a significant amount 

of sludge, with disposal costs lower than those of the current supply chains, or even with a potential 

for positive economic value. It is therefore of fundamental importance that the treatments to make 

the sludge suitable for use do not impact excessively in terms of cost, have elements of energy 

efficiency and optimization of the processes, or that the target material is of high added value. 

Water Alliance is interested in researching new technologies that can exploit sewage sludge as a raw 

material to produce new materials, both as a direct use and because of specific treatments that make 

it suitable. 

 

 

Theme 1.5: Identification of technologies allowing efficient recovery of phosphorus or 

other nutrients/minerals  
 

The increasing demand for food production and the progressive increase in population, parallelly with 

a low efficiency of use of phosphorus in agriculture, have caused a gradual depletion of the natural 

reserves of this element. The development of phosphorus recovery chains from secondary sources 

has therefore become one of the main priorities of agriculture and the fertilizer industry. Among the 

various matrices available, the sewage sludge is among those of greater interest because they have a 

high content of Phosphorus (up to 10% by weight on a dry basis), comparable with the minerals used 

for the extraction of phosphorus in the production of commercial fertilizers. 

On a European scale, an average percentage of phosphorus is identified as outcome of water 

treatment plants, that is sewage sludge and treated water flows, equal to 40.3% of the total 

phosphorus lost in the human cycle. The phosphoric input from the plants is equal to about 24% of 

the total amount of phosphorus purchased in Europe. The WssTP (Water sanitation and supply 

Technology Platform) estimates a potential saving of about 1,300 million euros if only 10% of the flows 

to be purified were treated for phosphorus recovery (WssTP, 2005). Existing European, national, and 

regional regulations are limited to the reuse of sludge in agriculture, also as a material to produce 

fertilizers. 



The potential for phosphorus recovery concerns the sludge line of wastewater treatment plants, both 

from the liquid fraction, from the wet sludge, and from the residual ash downstream of incineration 

processes. Recovery technologies can be applied to outflows (e.g.: sludge destined for final disposal) 

or with integration of innovative processes within the treatment lines of the depurative processes. 

Current developed processes, with different technological maturity, are based both on thermal, 

chemical, and biological treatments. Phosphorus can be recovered in several forms, such as struvite, 

a mineral containing phosphorus and magnesium used as fertilizer, potassium phosphate, phosphoric 

acid, or other enriched materials. 

The main criticalities of phosphorus recovery processes are related to their low specific selectivity, 

which often leads to the recovery together with phosphorus other unwanted elements, such as heavy 

metals, which must then be removed before using the mineral as fertilizer. Another limiting aspect is 

that linked to the scale factor: the amounts of phosphorus recoverable from a single sewage plant, 

especially for medium to small size plant, are relatively low and the development of a second-tier 

refining process (e.g. phosphorus extraction from ash) must be technically and economically viable 

even with reduced input quantities. 

Water Alliance is interested in processes that allow the recovery of phosphorus from urban wastewater 

treatment, alternatively or in an integrated way to be applied on the water line, on the sludge line and 

on the ash. 

 

Theme 2: Smart Water Grid 
 

Background and general description 
 

As part of the Integrated Water Service, digital transformation is a relatively recent trend that is 

assuming an increasing weight: the widespread use of new information and communication 

technologies can be considered fundamental for a more sustainable development. 

A water cycle management that aims at a greater economic and environmental sustainability of the 

service is based both on the evolution of measurement equipement and control technologies, with 

positive effects on the detection and monitoring of plants, both on the use of specifically realized ICT 

solutions, aimed at optimizing the management of plants and networks with an evolution of approach 

from reactive to proactive and therefore preventive. 

Smart water grid are urban infrastructures enhanced through a variety of interconnected devices, with 

the ability to collect and share data with both other devices on the network and a data center. 

Typically, the IoT consist of one of most enabling technologies in this field: some of these devices could 

also make decisions, in a centralized and/ or decentralized, and to perform physical actions on the 

water infrastructure. Thanks to a preventive approach based on artificial intelligence, cloud and big 

data management, this could lead to an optimal operation and control of latest generation. 

The implementation of a smart water grid allows you to take advantage of multiple benefits such as: 

the autonomous and optimized management of flows, flows and pressures, the reporting of anomalies 

of the system and the identification of the status of the network at all points; Aqueduct and 



wastewater plants and networks can be made intelligent, capable of self-diagnosis and interaction 

with operators and users. 

 

Theme 2.1: Identifying the latest generation smart meters and other smart metering 

systems 
 
The smart metering system allows the transmission and processing of data related to user volumes, 

process volumes, pressures in the network, energy consumption; possible indications of losses and 

significant parameters for monitoring the quality of distributed water (pH, conductivity, redox, 

residual chlorine, etc.) are detectable through measuring devices of various kind. 

 

Smart metering systems therefore have the dual function of making available to end users detailed 

information on consumption, enhancing savings and sustainability, and providing water service 

managers with an overview of the state of operation of the network.  

With reference to the second point, the operator can, exploiting hydraulic-mathematical models to 

process the collected measurement data from the user and along the networks: 

• Track service quality through the constant monitoring of network flow rates, pressures and 

water resource quality data; 

• Analyze the water balance automatically for the determination of the leaks and the 

optimization of the hydraulic management of the network; 

• Manage and predict energy consumption by optimizing the use of pumping stations in order 

to save energy and respect the service quality levels; 

• Implement and monitor the main KPIs of Technical Quality; 

• Carry out an assessment of the volumes in sewerage for  each district. 

 

The two technological elements that are part of the smart metering system are measurement systems 

and transmission systems.  

When talking about user volumes it is worth mentioning some criticalities: traditional mechanical 

meters are sometimes modified adding a component that allows to digitally translate the signal and 

transmit it, but this step can produce some negative effects on the final output data. For this reason, 

static systems have been introduced on the market, (e.g. electronic meters that use ultrasound or 

electromagnetic signals for flow measurement). However, these new meters, which are battery-

powered, can be subject to water infiltration within the electrical circuit that can wear and tear the 

battery itself, lowering the reported duration. In this case, the recorded data are lost as there is no 

parallel measurement system. 

Different types of fixed network can be used for data transmission: 

• LTE/NB-iot with SIM integrated in the meters relying totally on the chosen telephone operator 

for communication, therefore not having a direct control over the network; 

• LoRa (Long Range) systems based on the implementation of a specific network infrastructure 

for the smart metering system. In this case, however, specific costs of implementation or 

rental of the network at the expense of the water manager increase.  



A last type of transmission, less widespread is the collection of data through drive-by/walk-by systems, 

with mobile detectors that are transported on vehicles or on foot and operate over ranges of the order 

of 50-100 meters. 

Water Alliance is looking for new generation smart meters that are conceptualized with a new design 
and product concept. Allowing the optimization of installation and maintenance costs and exploiting 
more efficient and innovative use of data communication systems. 
 
 

Theme 2.2: Identify best practices within the world of communication protocols to 

collect and transmit data (centrally or peripherally) 
 
The idea of remote control arises from the need to rationalize the different systems of remote 

communication and aggregate them in a single apparatus combining the functions of remote alarm, 

telemetry and remote management of the aqueduct, sewage and sewage plants. The remote alarm 

system allows you to contact the staff you can call, SMS or e-mail. Telemetry, on the other hand, has 

as its objective a rational management of plants and therefore makes available real-time data relating 

to flow rates, pressures, energy consumption and physic-chemical parameters of individual plants. 

Telemetry can also feed, through monthly aggregated data, data warehouse installations (DIM) 

limiting the possibility of human error associated with manual inputs and readings. With remote 

management, finally, we aim to achieve an increasingly centralized management of the systems, 

allowing the control room staff to perform maneuvers on the systems. The remote control, therefore, 

ensures the acquisition and usability of large amounts of data and information flows in a centralized 

system allowing rapid intervention of specialized personnel and the optimization of activities, plant 

management and energy consumption telemetry  

The adoption and effectiveness of a remote-control system is based essentially on the 

communication/transmission protocols used, which must ensure the correct transmission of data 

characterized by different time and formats. As is amply demonstrated by the practical evidence, in 

the field of Data Science and the Internet of Things the data preparation phase is the most expensive 

in terms of man-hours; It is therefore essential, to ensure the success of a project in these areas, that 

the data collected are set in an immediately usable format, already harmonized without requiring 

human intervention, which would also be liable to error. 

Water Alliance is looking for new remote-control systems (RTU/PLC) to be installed in the field, 

designed specifically for water service management, allowing the application of intermediate data 

processing methodologies prior to transmission to SCADA systems. 

 

Theme 2.3: Technologies and solutions that allow to monitor the state of the 

infrastructure and the chemical/physical quality of drinking water and wastewater 

 
The monitoring of the chemical-physical (and microbiological for drinking water) characteristics of  

sewerage and water networks is a topic of great interest for water managers, first to ensure 

compliance with the regulatory requirements relating to drinking water and those discharged into the 

waterbody through the spills from the sewage system. Secondly, the monitoring of the water resource 



has the function of providing a usable database for modeling and therefore the prediction of the needs 

and requirements that the networks will have to ensure. 

An initial monitoring can take place directly in the collection phase (springs and wells), through sensors 

for monitoring the level of groundwater, temperature, electrical conductivity, NO3,  pH, ORP, turbidity, 

TOC, DOC, NO2 and CrVI. In addition to these parameters, considered as traditional, it is of interest to 

search for possible systems aimed at finding emerging contaminants, such as PFAS, or microbiological 

species, such as ferro-bacteria recently found in some wells and pipelines. The probes currently used 

have some technological problems related to the soiling and the need for frequent sensor calibrations, 

which leads to an unreliable result in terms of output data as well as the absence of an independent 

line for the analysis of standard reference solutions that can allow the automatic calibration of the 

instrument in online mode. 

Moreover, the width of the sensors does not allow a correct installation, so it would be useful to have 

a smart tool that is able to solve this problem. In addition, it seems difficult to have an effective 

communication to the remote control due to the poor coverage of the network within the water 

collection buildings. It would be also important, to evaluate the use and application, both for the 

aqueduct and sewerage network, of measurements of different parameters through fiber optic 

systems. 

The monitoring of sewerage systems, on the other hand, involves level, flow, rainfall, and weather 

radar gauges. Since the measuring points do not have a power supply, these instruments must be 

autonomous, thus leading to critical issues related to the battery itself and to the network coverage 

for data transmission (This criticality can also manifest itself in some points of aqueduct collection). 

Furthermore, the sensors are often subject to flooding and therefore need protection for operation 

in critical conditions. Other monitoring useful to quantify the volumes of flow in and out of the 

overcapacity tanks concern the use of level meters in the same, as well as the activation of the 

overflow (even in dry weather) and the monitoring of which/quantity of water touched during 

meteoric events. 

Regarding this topic, Water Alliance is looking for new technological solutions for the monitoring of 

water and sewerage networks (overflow tanks, overcapacity tanks, etc.) of process parameters (flow, 

pressure, level) and chemical-quality and microbiological water that guarantee better performance 

than the systems currently available in terms of calibrations, data reliability, ease of installation, 

reduced maintenance needs and better quality of communication/ data transmission. 

 

Theme 2.4: Systems and models of continuous monitoring working as support to the 

decision-making process through automatic systems of implementation/ planned 

interventions which also allow a punctual alignment to the water requirement 
 

One of the main challenges of monitoring the integrated water system, also linked to one of the 

macro-indicators of technical quality (RQTI) on which water service companies are monitored, is the 

reduction of losses on the drinking water distribution network. This challenge is made complex by the 

extension of networks and the presence of many input and withdrawal points, which makes offline 

monitoring of poor effectiveness and accuracy. For this reason, a smart system for managing the 

drinking distribution network can be a decisive tool to have reliable and real-time estimates of the 



state of the network, up to the development of DSS (decision support systems) that can support the 

operator in the conduction, also involving the energy efficiency. 

The digital solutions towards which the integrated water service is oriented therefore concern the use 

of battery-powered sensors with built-in transmission system, software for the continuous monitoring 

of water networks and plants, alarms in order to improve awareness of the situation in real time (early 

warning systems), reduction of losses and NRW (volumes of water not invoiced), the 

monitoring/control of the pressure in the network and the optimization of the performances of the 

total system network/plants. 

The topic of leakage research is one of the most debated and includes several possible technologies, 

remote based with the use of drones and/ or satellite surveys, whose main weakness is the poor 

accuracy and the high number of false positive events reported, and the propagation of acoustic 

signals through the installation of specific contact sensors or sensors within the pressure networks to 

record any anomalies in leakage or breakage events. In this case, however, it is necessary to refine the 

technology in order to make the communication between the network and the central unit performing 

and to eliminate possible noise that can induce errors in the analysis of the data produced, which must 

be processed with specific tools. 

Water Alliance is looking for solutions based on sensors and/ or remote monitoring for leaks on the 

clean distribution network with the possibility of interface with aqueduct management systems in 

interaction with DSS and that ensure better performance than currently available systems in terms of 

battery life, data reliability and ease of installation. 

 

Theme 2.5: Identification of technologies, models and sensors that allow the 

monitoring of the sewerage with the aim of identifying discharges with spills of 

pollutants and contributions of "parasitic" white water into the network 
 

The problem of eddy water in the sewer concerns uncontrolled infiltrations, typically 

groundwater, in the sewer network, due to the wear of the pipes, which causes a series of 

microcracks that allow the infiltration of water from the outside. These infiltrations may be due 

alternately to the penetration of rainwater from the soil during the wet season, or to the rise in 

the level of the groundwater during the irrigation season. Eddy waters cause inappropriate and 

premature activation of spillways and reduce the efficiency of wastewater treatment plants , 

overloading them beyond their designed capacity. It is important to monitor the flow rates in a 

widespread manner on the network to identify the specific location of the infiltration. 

Methods for the detection of eddy water include electrical conductivity analysis with multiparametric 

probes, periscope inspections and video inspections, as well as fiber optic monitoring based on 

recording temperature changes within the network: all these solutions have proven to be partially 

effective but each of them are affected by issues limiting their potential for diffusion, in particular the 

high investment cost per kilometer of monitored network. 

Another aspect to be considered are the discharges, uncontrolled or abusive, of pollutants; the 

monitoring of this type of discharges into the sewer allows to optimize the biological purification 



processes and the agricultural reuse of nutrients, anticipating their arrival into the purification plants. 

Using sensors and the hydraulic modeling of the sewerage network, the qualitative effects of 

discharges from production sites on the final wastewater will have to be predicted and monitored. 

Water Alliance therefore seeks innovative solutions to identify (in the sewer) points of inlet of parasitic 

water, as well as spills of unauthorized pollutants, and identify where possible the volumes, ensuring 

the simplicity of installation, low maintenance and calibration activities, the possibility of installation 

inside the pipelines or autonomous power supply and the possibility of sharing data with SCADA 

systems.  

 

 

Theme 3: Real time data enhancement 

 

Background and general description 
 

On the topic of Big Data, there are several opportunities for a Water Utility willing to adopt a data-

driven paradigm. The operation of the various business functions in the field of Water Utilities could 

gain advantages from the opportunities arising from the use of real time data, such as the struggle 

against losses of aqueduct pipelines, which could benefit from an improved knowledge of the state of 

the grid, mainly pressures, to prevent phenomena of breakage and the resulting losses. Another 

example of real-time data application concerns sewerage and sewage treatment plant, where 

meteorological data, combined with long-term climate trends, integrated with the hydraulic 

parameters of network operation, flow rates and levels, can provide useful information for the 

management of flood events, and avoid flooding or disruption and failures in sewage treatment 

plants.  

However, internal data bases most of the times are not sufficiently developed to describe or forecast 

future events. This effect is due to an adverse relationship between the size of the areas to be covered 

and the direct investment needed. That is where the adoption of “Data Enhancement” comes in, to 

overcome this criticality.  The technology of "Data Enhancement" consist of the use of data sources 

outside the organization to increase the value of its company data assets with the aim of having a 

more solid knowledge base. It also allows to obtain information and knowledge also in real time useful 

to make business decisions (also known as "Data Enrichment" or "Data Append"). Furthermore, the 

Data Enhancement process can be used as a tool to improve the consistency of databases, retrieving 

from external sources the missing information in business records (for example by retrieving from 

external sources information related to customer records where there are missing fields). 

The main advantages of the process of Data Enhancement, in the Water Utilities field, can be 

summarized as follows: 

- Resource savings: The current method of data collection involves the investments of large 

amounts of resources by the Water Utilities to expand their databases. The Data Enhancement 

process may allow to obtain relevant information for already existing business decisions 

without the use of several resources required by the traditional methods of investigation. 



- Support the growth and the innovation of the company: the process of Data Enhancement 

could act as enhancer for the growth and the innovation of the Water Utilities. Through the 

integration and expansion of databases within organizations, utilities may become aware of 

information that can facilitate the preliminary study of the applicability and sustainability of a 

potentially useful technology before investing resources for testing in the pilot phase.  

However, the challenges faced by utilities to develop decision support systems based on both internal 

and external databases, and their integration, can discourage the adoption of the latter. The process 

of merging one database with another can be complicated, laborious, and difficult to automate. Data 

inconsistencies and differences in value formatting (especially in the case of unstructured databases) 

may require operator intervention. Human intervention can make the process long and expensive, as 

well as susceptible to error, thus decreasing the possibility of obtaining information in real time for 

business management. The data preparation process should therefore be as automated as possible 

to avoid these issues. Another challenge is the lack of personnel within the company with the 

necessary skills to develop and implement algorithms and data-driven solutions. This is the reason 

why it is necessary to encourage the development of solutions that are as user-friendly as possible, 

able to be easily adopted even by who have limited computer skills. 

 

Theme 3.1: Models able to analyze and manage a continuous and discreet data flow 

but with very high frequencies 
 
The vast amount of data available to companies potentially interested in migrating to a data-driven 

paradigm can make the adoption process of these technologies long and expensive. It is therefore 

necessary deploying algorithms and technological solutions that can analyze and manage a continuous 

and discreet data flow with very high frequencies and coming from different sources. For example, 

online systems of analysis of the main parameters of water quality, clear or wastewater, have the 

potential to produce a data every few minutes, with the potential to stream thousands of weekly data, 

subject to variability and environmental interference, which must be effectively "cleaned up" for a 

more analytical use and comparison with the corresponding data, fewer, produced by analytical 

laboratories. 

The proposed models should be able to manage the different data sources by automating the process 

of processing and data preparation, so that this can happen without requiring any human intervention. 

Given the amount of data involved and the complexity of the phenomena to be modelled, many of 

which are characterized by a strongly non-linear dynamics, a solution can come from machine learning 

algorithms, able to imitate the trend of a parameter of interest without knowing the underlying 

physical process that governs its dynamics. The Machine Learning algorithms currently available are 

several, from the most famous Neural Network to the latest genetic algorithms, inspired by the 

mechanisms of natural biological selection. The goal of data analysis can be of two types: the 

construction of plant and network models, up to real digital twin, or the definition of decision support 

systems for the management of the same plants and networks.  

Water Alliance is looking for data processing models that can manage and analyze important 

information (thousands of data points per day). 

 



Theme 3.2: Identification of algorithms or models able to offer predictive, descriptive 

and prescriptive solutions according to the contexts 
 
The possibility of having a significant mass of data, cleaned up and reorganized through specific 

algorithms, allows to use them for the definition of predictive tools, which help to support the 

management of plants and networks. In this context, the interest is towards technological solutions 

that perform totally autonomous analysis of company data, starting from a descriptive analysis, that 

serves to investigate the performance history or other variables of interest to determine the causes 

that led to the current condition. This must be followed by a predictive analysis, to predict what will 

happen starting from the current conditions through the combination of historical data with 

statistical-mathematical algorithms. Finally, the phase of prescriptive analysis, which aims to advise 

actions following the predictions and show their implications.  

In particular, solutions that apply predictive and prescriptive analysis within the integrated water 

service to more technical issues may be of interest, related, for example, to the support in the 

activation of floods following precipitation, up to the prediction of the trend of indicators defined by 

the reference legislation (macro indicators ARERA) by helping to plan investments and identifying 

possible corrective actions to improve their values: In both cases, the approach sought is to rely on 

these data analyses with a view to minimizing the potential risks arising from the various areas of 

integrated water service management. 

Given the not obvious availability of a sufficient number of historical data to support the calibration 

of the models, it is of fundamental importance that the proposed solutions use an adaptive approach 

of machine learning integrating additional existing databases. 

 

On this topic, Water Alliance therefore searches for predictive ML algorithms that adapt to the 

management of plants and distribution networks, minimizing the demand for intervention of human 

operators and with the possibility of integrating data from various sources. 

 

Theme 3.3: Identification of alerting models, tied to various measurements in the 

networks, to characterize the presence of polluters in points of entry and/or in 

anomalous discharges 

 
The problem of unusual discharges is of great importance for water service companies, as these are 

mostly specific phenomena which, however, by their very nature, can generate harmful effects of 

great importance. In general, these are illicit discharges of sewage polluting substances typically of 

industrial origin into the sewerage system, the cascade effect of which on the treatment plant affected 

may endanger the efficiency of the process, with consequent possible non-conformities in the 

management. 

Being phenomena by their very nature not foreseeable, their impact can be greatly mitigated by 

reducing the time of alert and response, using specific diffuse sensors that allow to detect variations 

in the quantitative and qualitative parameters of sewer operation in order to identify the point of 

origin and the rate of diffusion. The identification can allow both to prevent the effect of the input 

spreading into the network and in the purifiers, and to stop the event, if still ongoing, possibly 

identifying the origin and the responsible.  



The solution sought should therefore be based on a monitoring system based on chemical-physic-

biological sensors of one or more types, which can allow to detect the variation of a series of 

parameters related to the presence of an abnormal discharge. As most interconnected networks 

extend over hundreds of kilometers, a basic requirement is that the sensors are low-cost and do not 

require frequent maintenance. In data enhancement, the proposed solution must be able to consider 

the insertion of external data already available, as analyzers of chemical-physical parameters at the 

entrance of the purifiers or qualitative data of the wastes already analyzed, to increase the potential 

of coverage. 

Water Alliance therefore researches systems for monitoring abnormal discharges in sewers based on 

low-cost physical sensors and a machine learning algorithm that integrates other data flows and 

allows to quickly identify both the anomalous unloading event and its location.  

 

Theme 3.4: Identification of probabilistic methodologies and correlation between 

meteorological events and other systems already adopted 

 
The management of the networks of the Integrated Water Service, in particular of the sewerage, is 

greatly impacted by meteoric events: Lombardy sewerage systems are of a mixed nature, so they 

collect household wastewater and rainwater. In view of the effects of climate change which have 

intensified the impact of meteoric events and the widespread phenomenon of land sealing due to 

increasing urbanization, the meteorological phenomena have become a critical factor for the operator 

in ensuring a technical and economic efficiency of the service. 

Sewerage management models rely on minutes based data sets and communicate with difficulty with 

existing weather models that, at best, have hour-time reliability. For this reason, to the latter must be 

applied numerical probabilistic models of the meteorological type, which allow with sufficient 

reliability the dialogue with the DSS management models of the Water Utilities.  

Possible implementations could allow for example:  

• to model the hydrological flow scenarios, also considering the contribution of possible 

precipitation even in very short periods of time. 

• to provide interfaces with existing systems to allow faster and more effective operation of 

safety systems, such as flood detectors and overcapacity tanks, to limit damage due to 

extreme weather events. 

On this topic, Water Alliance therefore is looking for statistical and numerical models of weather 

forecasting that can dialogue with water models for application on sewerage and rainwater 

management. 

 

Theme 3.5: Identification of applications for the collection, and platforms for the 

management, of data deriving from the business systems of type SCADA to the aims of 

control and optimization of the nets and the systems 
 



In recent years also the water service management sector has seen a significant increase in 

investments in digitalization, with a particular emphasis on sensors for the measurement and 

monitoring of different types of parameters quali-quantitative (e.g. pressure sensors and flow meters 

on the network, rainfall meters, energy meters, etc.). This effect has created an extremely 

heterogeneous system of measuring instruments that produce data flows with different frequencies 

and formats, which can be conveyed and agglomerated on corporate SCADA systems.  

Due to the complexity, variability, and number of input data, in most cases SCADA systems are limited 

to their acquisition function, without having the technical ability of analysis and calculation to manage 

the data according to defined logics and with specific purposes. 

The optimization of some operating parameters, first that of energy consumption, must be a primary 

direction to be dedicated. 

For this reason, the existing SCADA systems need to be integrated with specific applications that 

analyze in a hierarchical way the flows of data, returning indications on the parameters to be changed, 

through operational management actions, to implement the desired optimizations. For example, the 

aim of these solutions could be to improve the accuracy of the calculation of the water balance, 

defined as the difference between the water entering the system (taken/raised and imported from 

other systems) and the one used (invoiced, not invoiced and/or used for technological uses of 

installations or for other purposes). Such solutions could allow to identify with greater precision the 

areas in which the invoiced/used volumes differ more from those in entrance, for a better prevention, 

control, and management of the water losses. 

 

On this topic, Water Alliance therefore searches configurable applications with SCADA type system 

that allow the critical analysis of data relating to systems, even different, and return processing, in the 

form of parameters and indicators to be optimized for the achievement of certain improvement 

objectives. 

  



Theme 4: Biogas cogeneration plants 
 

Background and general description 
 

With a view to the circular economy and sustainability, the transformation of sewage treatment plants 

into wastewater biorefineries is gradually being consolidated, indicating infrastructures capable of 

producing energy, secondary fuels and recovering water and other materials. 

The cycle of recovery of electricity, heat and biofuels can be divided into numerous potential 

alternatives, but only few are currently validated and applied at full scale, in a significant number of 

plants. The production of biogas from anaerobic digestion in sludge line is certainly today the most 

widespread and consolidated process representing a mature technology and present for many years 

in plants, even if not always optimized in terms of biogas production. 

Between 2009 and the end of 2019 the number of biogas plants has tripled from 6,300 to almost 

19,000, distributed mainly between Germany, Italy, France, United Kingdom (European Biogas 

Association data). However, if in the first years the growth has been double-digit, a situation of 

substantial stability has characterized the following period: in the last 4 years the output of biogas has 

been about constant and around 160 TWh (about 15 b of cu.m.). 

Little more than 2/3 of the raw material used to produce biogas comes from agriculture, while the 

remaining part comes from sewage and organic waste. As for the final usage, 57% of biogas is used 

for the production of electricity, 12% for the production of heat, 29% for direct uses (agriculture, 

industry and residential), 2% for transport after upgrading in biomethane. 

Italy today can count on about 2,000 biogas plants (compared to 150 in 2007) and a production of 

about 2.5 billion cubic meters, which makes our country second producer of biogas in Europe and 

fourth in the world. At the regional level, the plants are concentrated in the territory of the Po Valley, 

with a consistent percentage also in Puglia and Veneto, involving a total of almost 1,300 municipalities. 

65% of biogas is produced from agricultural waste, the remaining from manure (20%), OFMSW 

(Organic Fraction of Solid Urban Waste, 2%) and sewage sludge from the wastewater treatment 

process (3%). 

Anaerobic digestion is present in about 60-70% of Italian sewage treatment plants with a potential 

greater than 50,000 equivalent inhabitant (AE in Italy) (2016 census). Average annual biogas 

production per capita is in the range 1,15 - 4,08 Sm3/AEeff, with an average value of 3,17 Sm3/AEeff 

About 132 GWh/year are produced from sewage sludge biogas. The biogas produced is mainly 

consumed on site through cogeneration cycles with production of electricity and heat to serve the 

self-consumption of the plants themselves. 

 

Theme 4.1: Technologies and solutions able to increase the current production of 

biogas  
 
Typical biogas production yields from anaerobic sewage sludge digestion plants can be estimated at 

around 0,1-0,3 Nm3CH4/kgSSV, and equivalent to about 0,3-1 Nm3CH4/tfangoIN.The methane content in 



the biogas produced is between 50% and 70%, with the remaining part consisting mainly of CO2 and 

trace of impurities. 

In the literature, as in application cases, there are numerous practices, processes and innovative 

technologies proposed to stabilize and optimize the production of biogas from anaerobic digestion. 

Processes can be categorized as: 

• Upstream: pretreatment before digester;  

• Mainstream: processes within the digester;  

• Downstream: solutions applied to output streams. 

There are many operational and management parameters that can influence the production of biogas 

and the degree of its final composition: from process temperatures and residence times to single or 

two-phase reactor types, from mixing processes to recirculation percentages. A careful management 

of the process parameters and an effective monitoring of the same can often generate remarkable 

advantages and increments of production.  

Different solutions are proposed both from the point of view of monitoring technologies and 

operational management of the plants. Several pre-treatment and post-treatment processes and 

technologies have been studied and applied to encourage specific production or control the quality of 

products, of which some examples follow: 

• Ozonation pretreatments on the sludge allow a greater dissolution of the organic substance 

with an increase in the specific production of biogas and at the same time a reduction in the 

volumes of sludge to be disposed of. 

• Selection and inoculation of certain bacterial strains may lead to increased sludge digestibility 

by increasing specific biogas production by certain processes in or ex situ. 

• The cultivation of microalgae on the digestate can guarantee an easily digestible biomass 

growth to be recirculated within the plant, consequently increasing the digestible matter with 

a consequent increase in biogas production.  

These and other innovative processes and solutions applicable to the anaerobic digestion plants of 

the sludge lines of the municipal water purification plants of the Lombard context are sought in the 

context of this call to increase the yields and production of biogas. 

Water Alliance is therefore looking for technological solutions to improve, in terms of increasing the 

quantity or improving the quality, the production of biogas from the anaerobic digestion of sewage 

sludge. 

 

 

Theme 4.2: To identify possible solutions in order to allow the simultaneous digestion 

of elements of different origin like OFMSW, zootechnical wastes, vegetable biomass 

and other wastes with digestate enhancement 

 
Anaerobic digestion of mixed waste of different origins such as urban, agricultural and food waste is 

defined as co-digestion. In general, co-digestion is advantageous over the digestion of individual 



substrates (i.e., monodigestion) as it can overcome most of the drawbacks associated with substrate 

properties. In other words, co-digestion provides microbes with a wider range of substrates and a 

more balanced composition in terms of C/N ratio as well as moisture content and biodegradable 

materials. Co-digestion also provides greater buffering capacity, leading to more favorable pH stability 

while also diluting the inhibitory/toxic compounds present in the feed stream. It has been shown that 

the increased overall flexibility achieved by co-digestion improves gas yield without changing the 

retention time. 

Some other advantages have been attributed to co-digestion processes including the production of 

higher quality organic fertilizers, the reduction of odors and pathogens, the best cost-effectiveness 

ration, the activation of economies of scale due to the centralization of plants. It should also be 

mentioned that the population of mixed cultures generated through co-digestion is considered as an 

effective starter inoculum for a new digestion system, mainly due to the high adaptability of 

microorganisms.  

Currently, only 10% of industrial scale anaerobic digestion plants in Europe rely on co-digestion with 

mainly animal manure as primary substrate and agro-industrial waste, as well as an organic fraction 

of municipal solid waste (OFMSW) as a co-substrate. 

In addition to the many favorable factors, co-digestion can bring with it some disadvantages: in fact 

co-digestion requires the transport of various types of waste in a single waste treatment plant. This 

imposes an additional capital investment cost on the plant, also reducing the opportunity for in situ 

production and widespread production of biogas at all sites where waste originates. In addition, the 

seasonal availability of waste produced at different sites is another challenge associated with co-

digestion.  

Co-digestion can also present specific challenges from an operational and management perspective. 

The pre-treatment phase for co-digestion plays a fundamental role in order to standardize the flows 

of different materials with different physical and dimensional chemical characteristics. In addition, 

specific pretreatments can be considered on those substrates with less biodegradability than the 

whole mixture. Working with different substrates, and potentially with seasonal flows, implies a more 

careful monitoring of key process parameters (moisture content, C/N ratio, etc.) with operational 

processes and ad hoc intervention measures. The control of the mixture substrates should also be 

carefully studied to avoid possible inhibitory effects that would lead to a decrease in overall yields. 

Thus, co-digestion of sewage sludge with other substrates has already been shown to lead to yield 

improvements and significant positive synergistic effects. Specific challenges still lie for the spread of 

co-digestion such as pretreatments to homogenize flows, process adjustment interventions, 

optimization of digestate management.  

On this issue, Water Alliance is therefore looking for technological solutions to implement the 

anaerobic co-digestion of sewage sludge with other organic flows, increasing the overall biogas yields 

and optimizing environmental sustainability aspects. 

 

Theme 4.3: Identify and explore the different types of cogeneration plants 

 
Cogeneration plants powered by biogas allow the simultaneous production of electricity and heat (hot 

water or steam). Electricity can be used to power surrounding equipment or fed into the national grid. 



Cogeneration maximizes the efficiency of fuel use and converts it into electricity with an efficiency 

around 35% and heat with an efficiency of about 50%. Municipal wastewater treatment plants offer a 

perfect context of application for cogeneration considering the opportunities for direct self-

consumption of electricity produced given the high consumption for lifts and treatments that plants 

involve. But above all, it is important to highlight the opportunity of direct consumption of the heat 

generated, since the transport of the same is more difficult and less effective than the input of 

electricity, given the internal heat demand due primarily to the heating needs of the digester itself. 

In general terms, a cogeneration plant works thanks to a "prime engine", an electric generator that, 

driven by the engine system, converts mechanical energy into electricity, and heat exchangers, which 

perform the function of heat recovery. 

All the basic types of cogeneration plants differ in the type of "prime engine" adopted. Here are the 

most used and consolidated: 

• Combustion engines are currently the most widespread and commercially consolidated 

cogeneration system. These motors are adapted for stationary use and equipped with a heat 

recovery system. They are commercially available in sizes ranging from 1 kW up to a few MW of 

electrical power. 

• Stirling engine: available for power from a few tens of kW up to about 4 MW. Mainly used for 

small applications, has an electrical efficiency between 35% and 45% 

• Gas turbines: available with power range between a few tens of kW up to 100 MW, have average 

electrical efficiencies between 25% and 40%. Most of the thermal energy is produced by exhaust 

fumes at about 500 ºC and can be fed directly into a recovery boiler.  

• Steam turbines: used in industrial applications to produce large quantities of steam and generate 

electricity with surplus to regulate its consumption by energy conversion. This is the technology 

used in power plants or waste recovery sites that use incineration. 

• Combined cycles: subsequent use of a gas turbine and then a steam turbine. Two alternators are 

used to produce electricity. High electrical efficiency results in low thermal efficiency. 

• Trigeneration: extension of cogeneration with production of a third energy, generally cold, which 

can be produced mechanically or indirectly with an absorption group fed by steam or overheated 

water. 

• Fuel cells: Growing technology with better performance and less polluting impacts. Key 

challenges with this technology remain battery cost, equipment reliability, and system 

maintenance 

The yields and solidity expressed in hours of operation of the turbines and heat exchangers are 

fundamental to ensure good process efficiencies.  

Water Alliance is therefore looking for technological solutions for the use of biogas in thermal and 

electrical co-generation, with reduced consumption and optimized efficiency compared to the market 

and which may include processes for the pre-treatment of biogas entering the cogeneration group for 

the removal of elements harmful to the cycle (such as come H2S, humidity and dust). 



 

Theme 4.4: Identification of innovative production/technological processes for the use 

of surplus biogas 
 

The misalignment between biogas production and consumption makes it necessary to accumulate and 

burn the biogas itself, thus losing part of the energy potentially generated. To solve this issue, other 

production/technological processes are sought that can act as an outlet for efficient use if there is a 

productive surplus. This also includes biogas upgrade processes to produce energy carriers more easily 

and economically manageable (biomethane, biofuels...). 

Biomethane is the result of biogas refining and purification. An upgrading that takes place through the 

removal of water, CO2, contaminants such as siloxanes, sulfur dioxide and ammonia, in order to make 

it usable in the network and natural gas utilities without the need to make changes to the plants. 

While biogas is generally used on site, especially to produce electricity or heat, biomethane (which 

has a percentage of methane greater than 95%) can potentially be used, along with fossil fuels, both 

in the automotive sector and to satisfy domestic and industrial uses. In its liquefied form - the so-

called bioLNG - can also be used as a biofuel for heavy goods vehicles and ships. 

On average, 10% of biogas produced in Europe is converted into biomethane and fed into the network.  

In 2020, the production of biomethane amounted to 32 TWh, an increase of 25% compared to 2019 

and more than 5 times that of 2011. The sector has seen a thrust especially since 2016, in conjunction 

with the growing maturity of technologies and the biogas industry and the implementation of public 

policies to support, both at EU and national level. 

With regard to the production of biomethane from biogas upgrades from sludge, both at European 

and Italian level there is a share, although smaller than that resulting from biogas produced with other 

substrates, but still growing. In October 2021 (EBA data) in Europe there were 1023 biomethane 

plants, while in Italy there are 27. As regards the distribution between the various sources, at 

European level (updated to 2020, EBA), 13% of biomethane plants use sewage sludge as the starting 

biomass. 

In Europe, biogas produced by anaerobic digestion is generally converted to biomethane with gas 

network quality thanks to upgrade processes that remove carbon dioxide and other impurities from 

biogas. The most important upgrading technologies in existing commercial biomethane plants are 

membrane separation (39%), water scrubbing (22%) and chemical absorption (18%). Upgrading biogas 

by methanation of carbon dioxide and other anaerobic digestion intermediates through combination 

with renewable hydrogen or renewable electricity is currently at lower TRL levels. 

For the consequent production, in upgrading, of biomethane, technological solutions are sought that 

include the possible successive phases of compression/liquefaction, hydrogen production or direct 

use of biomethane in fuel cells to produce electricity/heat. 

On this issue, Water Alliance is therefore looking for technological solutions to optimize the use of 

biogas to manage the misalignment between production and local consumption, based, for example, 

on innovative upgrading technologies to produce biomethane suitable for automotive applications or 

for distribution network input, to produce hydrogen and for energy generation processes through fuel 

cells. 



 


