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Executive summary 

The Life Cycle Management plugin represents the core activity of the MONSOON work package 5 in task 5.4. 

Goal of this task is to provide the consortium with a reliable, dynamic tool to evaluate the environmental 

burden of the investigated processes. Aluminium and plastic are the first two industrial domains where the 

plugin is implemented; feedback and information collected during these two use cases will be used to 

enhance the usability and replicability of the component for further exploitation purposes. 

This deliverable represents the update of D 5.7 – Initial LCA Management Plugin (RD.4). While the functional 

layout of the plugin has been designed in the first half of the project, second half has been devoted to 

implementation of the component in the investigated domains for different business cases. This deliverable 

provides an overview about how the LCA plugin is now working as an active part of the MONSOON platform. 

Whenever a reminder to architecture is present, RD.4 shall be considered as the main reference. 

Therefore, this document aims at describing the main functionalities and characteristics of theLCA 

Management pluginintegrated in the MONSOON platform from a practical point of view. 

The first chapter describes the LCA methodology atglance. Details about goal and scope of the plugin are 

provided, along with a description of the main calculation rules. To avoid unnecessary repetition of technical 

contents, RD.4 contains several methodological details. 

In the second chapter, the IT architecture supporting the plugin is described. A brief characterization of each 

involved component is provided; as technical details are available in related documents, only a qualitative 

overview is reported. 

Chapter 3 contains description and examples of the LCA plugin as deployed in the MONSOON 

platform.Detailed information about the application for the aluminium domain (business case 1) is reported, 

while implementation in plastic domain and aluminium domain (business case 2) is described at glance, as 

deployment is ongoing at present stage. 

Further developments and potential room for improvement of the plugin represent the core content of 

chapter 4. 

The last chapter 5 gives the final conclusions about the LCA plugin, its role and its contribution to the overall 

added value introduced in process industries by the MONSOON platform. 
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1 Life Cycle Assessment methodology 

The following paragraphs are intended to provide an overview of the LCA methodology. To avoid repetitions, 

only general considerations are reported, as main references and details are available in RD.4.  

 

1.1 Life Cycle Assessment at glance 

Life Cycle Assessment is a standardized methodology to quantify the environmental impact related to 

processes, products and services. Its application is regulated by ISO standards 14040and 14044.  

The main feature of LCA is the capability to evaluate the environmental load of the considered product or 

service along the whole life cycle, from the extraction and processing of primary resources (from cradle) to 

the end of life (to grave) passing through manufacturing, delivery, use and end of life phases. To achieve 

these targets, goal and scope of the analysis must be defined, as well as main hypotheses and assumptions 

about system boundaries definition and the set of environmental indicators to be assessed. 

The LCA starts from the tracking of material and energy flows in the considered system to elaborate a Life 

Cycle Inventory (LCI) which will then be converted into environmental impact assessment indicators by means 

of dedicated methods and algorithms. The set of environmental indicators to be assessed can be chosen 

according to the considered system: for example, for energy-intensive production plants, tracking of primary 

energy and electricity could be relevant, while for cyclic systems such as the plastic one, recycling rate could 

be a driverparameter. 

Next paragraph gives an overview of the environmental indicators assessed in both domains. 

 

1.1.1 Environmental indicators 

Environmental indicators can be clustered into three main categories, namely environmental impact, use of 

resources and waste production. Table 1 contains the set of indicators that will be assessed for both domains: 
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Table 1 - Overview of environmental KPIs 

Class of KPI Indicator 

Environmental impact 
Global Warming Potential 

Acidification Potential 

Use of resources 

Primary Energy Consumption 

Direct Energy Consumption 

Electricity Consumption 

Natural Gas Consumption 

Raw material consumption 

Water use 

Waste production 
Waste to landfill 

Waste to recycling 

 

Stability of the impact assessment method is the main rationale behind the choice of this matrix of KPIs. As 

explained in RD.4, KPIs are computed by means of dedicated coefficients determined by assessment methods 

issued and updated by the scientific community; this means that some indicators are more stable than others 

and some indicators are more suitable than others to characterize the environmental burden generated by 

industrial processes.Table 2 contains the description of each indicator, as well as the measure units that will 

be used to express it: 
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Table 2 - Description of environmental KPIs 

Indicator Measure unit Description 

Global Warming 

Potential 
CO2 equivalent [mass] 

Overall emission of greenhouse gases. Mainly affected by 

combustion of fossil fuels 

Acidification 

Potential 
SO2 equivalent [mass] 

Mainly due to the combustion oflow quality fossil fuels, 

which generates acid emissions in the atmosphere 

Primary energy 

consumption
1
 

MJ 
Total consumption of primary energy both from process 

and upstream phases 

Direct energy 

consumption 
MJ  

Total consumption of energy at process stage. It is the sum 

of electricity, natural gas and any other form of consumed 

energy 

Electricity 

consumption 
kWh Total consumption of electricity at process stage 

Natural gas 

consumption 
MJ Total consumption of natural gas at process stage 

Raw material 

consumption 
kg 

Total consumption of raw materials per unit output. It is 

strongly linked to process yield 

Water use l Net use of fresh water along the life cycle 

Waste to landfill kg Total amount of waste sent to landfill 

Waste to recycling kg 
Total amount of waste sent to recycling process. It does not 

include waste internally recycled 

 

This set of indicators can be modified according to feedback provided by partners. The rationale behind 

these indicators was to strive for the highest cross-sectoriality also looking at possible future exploitations of 

MONSOON in other industries not directly linked to plastic or aluminium.The common structure of the KPI 

matrix will allow the life cycle plugin to feed the evaluation framework developed within WP7 and described 

in RD.5 and RD.6. 

 

1.2 LCA plugin operational flow 

The LCA plugin aims at providing environmental indicatorsto be computed starting from site-collected 

primary data.Since the MONSOON platform is dynamic and adaptive, the LCA plugin is designed to rely as 

much as possible on the existing infrastructure.  

The LCA plugin consists of a set of algorithms and an environmental database, which enable the conversion 

of physical flows (mass and energy) into equivalent KPIs; any environmental analysis can be handled by these 

two components, providing the availability of primary data in the MONSOON archives.  

The logical steps of any run of the plugin can be listed as follows: 

  

                                                
1
Primary energy consumption and Direct energy consumption are computed from a 1

st
 thermodynamics principle 

perspective. This implies that, from the point of view of the energy consumer, electricity and heat can be summed up 
without distinction 
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1. Data acquisition 

2. Data pre-processing and alignment 

3. Execution of life cycle algorithms – coupling with environmental DB 

4. Storing and visualization of the results 

 

The previous version of this deliverable contains all the detailed description of each of these steps. To avoid 

unnecessary repetition of contents, Figure 1gives the overview of the logical steps that are necessary to pass 

from physical flows (coming from raw data preparation and pre-processing) to environmental KPIs: 

 

 

Figure 1 - Logical steps for the application of LCA plugin 
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2 LCA plugin architecture 

This chapter contains information about the integration of the life cycle plugin with the MONSOON platform. 

Details are provided about implementation strategies and relevant infrastructural components. As this 

document focuses on the LCA and the added value it can provide to MONSOON, technical details about 

each component are not reported. Whenever a deliverable describing them is available, reference is 

provided. 

 

2.1 Virtual Process Industries Resources Adapter (VPIRA) 

As for any other MONSOON component dealing with primary data, the LCA plugin is fed by information 

collected at site level. This information is usually collected by control and monitoring appliances and sensors, 

either installed directly in the machines (as for the injection moulding process studied in plastic domain) or 

part of a bigger infrastructure devoted to control the whole operation in case of more complex and inter-

dependent processes (such as the aluminium electrolysis). 

According to previous chapter, the workflow starts with the data acquisition. Like any other MONSOON 

component analysing data, the LCA plugin runs in the MONSOON platform, which is hosted outside the 

production plant. Therefore, data collected by acquisition system at shop-floor shall stream from physical site 

to MONSOON cloud.  

To ensure proper data stream, a Virtual Process Industries Resources Adapter (VPIRA) has been developed. 

This tool gathers all connectors developed to pick up data from machines and sensors and to send them to 

the platform.  

RD.3 gives the complete picture about how this component is developed. 

 

2.2 Runtime container 

The Runtime container (Figure 2) represents the core component for LCA plugin. It is devoted to call for the 

LCA function and to ensure that it runs according to specifications provided by the developers at code level. 

In particular, the Runtime container handles the data pre-processing and alignment and the execution of life 

cycle algorithms and coupling with environmental DBphases listed in the previous chapter. 
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Figure 2 - Runtime Container functional architecture 

 

2.2.1.1 Data pre-processing and alignment  

The LCA plugin runs with a specific type and shape of data, related to input and output mass and energy 

flows. On the other hand, it is unlikely that these types of variables are measured directly in the proper units 

and with a suitable time scale. 

An example could be the energy consumption: for process control purposes, instant power is much more 

relevant than energy consumed in a certain time interval. For LCA purposes, power cannot be used directly as 

an input, as energy flow is needed to feed the model. This means that multiple power measures shall be 

grouped together to obtain the energy associated to a certain power absorption in a given time interval. 

Another example is what happens in the plastic domain with the raw material consumption. Material 

consumption is one of the major inputs for the LCA model, but machines do not measure it directly. Several 

measures of cycle time, pressure and temperature are available. With specific formulas it is possible to derive 

from primary measured parameters such as the ones listed the material which flowed through the machine 

during the cycle time. By grouping multiple cycles and multiple machines it is then possible to compute the 

amount of material consumed in a larger time window (e.g. a production shift lasting 8 hours). 

This whole operation, which can involve several variables, is named data pre-processing. Once the inputs for 

the LCA plugin are expressed in suitable units, compatibility of time scales must be ensured to obtain 

meaningful and coherent results. This process is named data alignment and aims at harmonizing timestamp 

for each input variable to have a coherent set of input parameters to be processed by the LCA model in the 

Environmental Database. 
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2.2.1.2 Execution of life cycle algorithms and coupling with environmental database 

Once data are aligned and properly harmonized, they must be processed by the LCA model, which composes 

of Life Cycle Algorithms and Environmental Database. The combination of these two steps transforms the 

physical flows of material and energy into environmental indicators expressed in equivalent units (e.g., the 

Carbon Footprint expressed in equivalent CO2).  

Complete description of the life cycle algorithms implemented in MONSOON and the Environmental DB is 

available in previous version of this deliverable.  

 

Once results are computed by the LCA function, they are stored in a specific DB in MONSOON. Visualization 

tools point to this repository to retrieve data to display in a graphic interface. Description of visualization is 

reported in the next section. 

 

 

2.3 Visualization tools 

Results of the LCA calculations must be visualized to make them valuable for end users. This is done by 

customized dashboards fed by the whole set of results, where the user can navigate to find out several 

information about the environmental burden of the investigated process.  

There are several tools for data visualization and dashboard generation. The MONSOON consortium decided 

to adopt Grafana
2
to visualize every type of result computed by the MONSOON platform. In the next chapter 

a whole example of LCA results visualization is reported and most relevant features of the LCA dashboard are 

described. 

  

                                                
2
For more information about Grafana and its features, please refer to https://grafana.com/ 

https://grafana.com/
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3 LCA plugin deployment 

This chapter describes the relevant features of the LCA plugin applied to the industrial domains investigated 

by MONSOON. First section gives a precise overview of the LCA dashboard developed and currently running 

for the Business Case 1 in aluminium domain (green anode production), while second section describes how 

the dashboards will be developed in the two additional business cases (coffee capsules injection, aluminium 

electrolysis)
3
.  

 

3.1 Green anode production business case 

Anodes represent a crucial step in the production of primary aluminium via electrolysis process. Their quality 

is essential to ensure proper process conditions when the chemical reaction involving alumina, electricity and 

carbon takes place. 

Deep evaluation of anode quality has been carried out in other tasks of WP5 and its description is out of the 

scope of this deliverable; anyway, the evaluation of environmental burdens arising from anode production is 

interesting to monitor the performance of the anode plant from sustainability point of view. 

This section reports examples about how the environmental KPIs computed by the LCA plugin with the 

methodology deeply described in D 5.7 exploiting the IT infrastructure depicted above and explained in the 

related documents. Focus is set on the description of the visualization dashboard, which will be used by end 

users of the MONSOON platform. 

As the LCA evaluates the environmental performance of a process, a strong link with production efficiency is 

established concerning anode production. This is practically represented by the computation of good vs bad 

quality anodes produced by the plant. To enhance usability of the LCA dashboard, two layers are developed: 

 

o LCA main dashboard: main component where the overview of process efficiency and environmental 

KPIs values are reported; from this dashboard it is possible to access the specific dashboards 

o LCA KPI-specific dashboard: one for each of the environmental KPIs computed by the LCA plugin, it 

contains details about the trend of the KPI, its breakdown contribution from specific clusters of flows 

and other specific information 

These two types of dashboard are described in the upcoming section. 

 

3.1.1 LCA main dashboard 

LCA main dashboard is the first one the user lands onto. Its purpose is to provide overview of the process at 

glance, giving a comprehensive idea about trend in performance, total production, plant stoppages, etc. The 

following paragraphs give an overview of the dashboard in its real operation; for confidentiality issues, 

specific values are blurred. 

Figure 3 represents the whole picture of the LCA main dashboard: 

  

                                                
3
Development of these two components is currently ongoing 
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Figure 3 - LCA main dashboard for green anode production 
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The following Figure 4provides additional details about specific features of the LCA main dashboard; each of 

the areas highlighted with colour is then explained in dedicated sub-section. As the dashboard is a dynamic 

tool, it is possible to navigate and adjust the time window; every part of the dashboard will update 

automatically according to the time selected with the dropdown menu on the top right corner of the page 

(highlighted in blue in figure). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Areas of the LCA main dashboard 
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3.1.1.1 Performance overview – tabular form 

Top left box of the dashboard reports information about the overall performance of the anode plant in terms 

of good and bad anodes produced. Total amounts of good and bad parts are expressed, as well as average, 

minimum and maximum amount. 

3.1.1.2 Performance overview – graphical form 

Top right box of the dashboard shows in a graphical way the amount of good and bad anodes produced in 

the selected time window. The green column represents good anodes, while the red one represents bad 

anodes.  

3.1.1.3 Shift performance overview – graphical form 

The central part of the graphical interface represents the performance overview at shift level. As for the top 

right corner, green lines represent good anodes, while red lines represent bad anodes. Each bar represents 

one shift which lasts 8 hours, therefore 3 shifts per day are theoretically possible. 

Blue dots, plotted on the right y-axis, represent the average recycled material embedded in the anode during 

the investigated shift. 

3.1.1.4 Environmental KPI shift values – tabular form 

Bottom part of the main dashboard contains a table where values of the environmental KPI are reported for 

the whole investigated time. As for general process performance, average, minimum and maximum value of 

each indicator is reported. 

 

 

The user can interact with any of the dynamic items described above by clicking on the name of the 

component. The dropdown menu allows to view the table in another tab of the web browser, to share the 

element via specific link to interested other users or stakeholders. The last command allows to download the 

element as json or csv file for further analysis or elaborations. Figure 5 gives an example of the possible types 

of actions: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 - Possible actions on the dashboard items 
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By clicking on the “linked dashboards” button at the top right part of the page, the dropdown menu of KPI-

specific dashboards accessible from the main page opens: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2 LCA KPI-specific dashboard 

For each environmental impact indicator computed by the LCA plugin a specific dashboard can be accessed 

from the main one. These KPI-specific dashboards allow to analyse and explore the contribution from 

different material or energy flows to the total value of the specific KPI. 

The general overview of this page is reported in Figure 7: 

Figure 6 - Dropdown menu of dashboards linked to the main one 
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Figure 7 - Example of KPI-specific dashboard 

 

As for the previous section, main features of this dashboard are highlighted with different colours in Figure 8 

and furtherly described in the next paragraphs. General features described in the previous chapter apply to 

this type of dashboard as well: 

 

o Automatic update based on modification of time window 

o Actions on dynamic items: 

o Download/export in csv or json 

o Share link to other users/stakeholders 

o View the specific item in another tab of the web browser 
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3.1.2.1 KPI trend – tabular form 

This table reports the average, maximum, minimum and current value of the selected environmental KPI. As 

described before, the table can be downloaded, shared or exported as json file for further analytics purposes. 

Besides the total value of the indicator, contributions arising from relevant flows are reported. In this 

example, Contribution from energy flows (electricity and natural gas), raw materials (bitumen, coke) and 

logistics (lorry, rail, ship).  

 

3.1.2.2 KPI gross value per shift – tabular form 

Gross value of the indicator per each shift of anodes production is available in this table. This type of 

information is useful for process managers in understanding environmental burden of the process and in 

evaluating trend with shift perspective. 

 

3.1.2.3 KPI trend – graphical form 

This plot allows to visualize the trend of the specific KPI per each shift in the selected time window. By 

clicking on the specific items in the graph key it is possible to switch to different types of visualization: 
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Figure 9 represents how to move from general KPI trend to gross KPI value visualization. This way it is 

possible to hide the contributions from specific flows and to see the trend of the indicator in time. InFigure 

10  the visualization of a specific contribution is shown; as for any modification in the visualization 

perspective, y-axis automatically updates: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 10 - Switch from gross KPI view to contribution from a specific KPI 
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By navigating through this type of dashboard the user can access various visualizations to deeply explore 

trend in environmental impacts and contributions arising from specific process areas. 

 

3.2 Insights about dashboards currently under deployment 

While the anode dashboard is deployed and available in the MONSOON platform, two other 

implementations of the LCA plugin are currently ongoing. These applications cover the other business cases 

investigated within the project: 

o Plastic Domain: coffee capsules injection moulding 

o Aluminium Domain: aluminium electrolysis 

 

The general structure of these two components will be maintained. A main dashboard will serve as landing 

page to visualize at glance the general process performance, while specific contributions from selected flows 

or clusters of flows will be available in specific dashboards. 

Due to the ongoing development of these two components, additional details cannot be provided at present 

stage of the project. Even though, it must be noticed that background methodology and infrastructure will 

be maintained, as well as visualization tools. For each of the two applications data pre-processing and 

algorithms will be different due to the intrinsic shape of primary data. However, deployment framework and 

calculation rules described in this deliverable and in its previous version will be maintained. 

 

4 Further developments of the LCA plugin beyond MONSOON 

The LCA plugin evaluates the process from environmental point of view during time. Any modification in the 

process, either due to different setups, stoppages, failures or anomalous behaviour of some equipment, has a 

reflection in the environmental KPIs computed by the plugin. 

One of the main goals of MONSOON is to provide process industries with a set of optimization techniques 

based on advanced data acquisition and analytics. Therefore, when the platform will be operating in real 

conditions at industrial plant, modification of process setups and parameters are likely to occur thanks to the 

application of machine learning algorithms and predictive functions developed within other WP5 activities. 

According to what specified before, these modifications will act as well on the environmental KPIs influencing 

their trend.  

To highlight the effectiveness of process optimization on environmental KPI, a baseline scenario may be 

introduced, representing the state-of-the-art situation before the application of optimization techniques. This 

baseline might either be a value provided by the process experts (e.g., the standard value for a certain 

material consumption or the expected energy consumption per unit output) or a benchmark coming from 

literature (e.g., the environmental impact of primary aluminium production via electrolysis as computed by 

European Aluminium Association). The most suitable type of baseline shall be discussed together with the 

industrial partner before the adaptation of the MONSOON platform to its process. 

In Figure 11 a representation of how the baseline may look like is reported: 

 

 

 

 

 

Baseline scenario, e.g. KPI 

value as expected by the plant 
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This improvement is currently under investigation among the MONSOON consortium. According to feedback 

received by the External Stakeholders Group, this might represent a significant improvement of the 

MONSOON visualization branch from the user experience point of view.  

A simulation toolkit may represent a second path to be explored to enhance the potential of the LCA plugin. 

The goal of this component is to enable the user to perform simulation by changing some process 

parameters; for example, a change in the material composition or a different source for electricity consumed. 

With such a tool it would be possible to perform several “what if” scenarios applied to the same process to 

understand whether some solutions with lower impact exist. 

Among the two industrial applications covered by MONSOON during the project time this component might 

be more powerful in the plastic domain, where modifications in raw materials are theoretically possible. Due 

to technological constraints, this route of improvement may be less promising to investigate in the 

aluminium domain. 
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5 Final considerations and conclusions 

According to MONSOON business model developed within WP8 activities, the LCA plugin is one of the three 

main services which will be available from the end user point of view. This component is expected to 

significantly enhance the value of the MONSOON platform and its potential applications in industrial 

domains. The cross-sectoriality of the LCA methodology allows to deploy the component within the same 

operational and infrastructural framework, adapting only VPIRA and aggregation and pre-processing rules. 

This deliverable integrates methodological specifications provided in its previous version. In this document, 

focus is set on the deployment of the LCA plugin in MONSOON and on the practical way results can be 

visualized and exploited by industrial end users, typically process experts or HSE managers of the plant. With 

such a tool LCA is applied in a continuous way, eliminating time-consuming data collection procedures (often 

showing a significant delay between the results evaluation phase). A complete set of information related to 

the application of LCA methodology to the green anode production plant in aluminium business case 1 is 

reported as well. 

In the upcoming months, experience gained during implementation of the LCA plugin for the green anode 

production will support the MONSOON team in the deployment of the component in the two business cases 

where the WP5 activities still need to be completed. 
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DB Database 

KPI Key Performance Indicator 
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