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1 Introduction 

An unexpected failure of any asset can result in lost revenue, environmental implications and/or have a health and 
safety impact. An appreciation of the condition of an asset can reduce unexpected failure and is therefore a vital 
element of through life management. RINA-C used a wide range of quantitative and qualitative information to 
undertake statistical and degradation analysis.  This analysis will provide an understanding of the risk and remaining 
life of the asset and its components, which will determine the mitigating actions required for optimum reliability. 
 
The main objective of this deliverable was to devise predictive models, algorithms and tools that help to guarantee 
grid stability and resilience through a deep knowledge of the effects in the grid of a highly variable generation and 
demand (e.g. renewable and electric vehicles), faults in the grid facilities, faults in the distribution grid or attacks.   
 
A Reliability Centred Maintenance (RCM) approach was utilised to evaluate and assess failure modes of assets and 
their components, which could be detected before functional failure occurs. The preparatory step identified if the 
scenarios could be detected. In the same way, reactions will be identified and modelled as well. Finally, according 
to these scenarios, tools for fault prediction and fault tolerant control were developed. The sensor inputs to the 
diagnostic module was limited to only sensor technology currently incorporated in the systems.  However, the 
analysis identified other sensor technology which may improve the system if implemented in future iterations of 
the diagnostic module.   
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2 System Detail 

2.1 Oud-Heverlee 

The Oud-Heverlee demo site is a street in the town Oud-Heverlee in Belgium. The street contains around 40 houses, 
all connected to a common cable of the distribution grid.  The street having a high level of electrical load and the 
distribution system is undersized making it an excellent demo site to trial a variety of systems. The devices listed 
below will be installed in the Oud-Heverlee demo site to implement smart control:  

 

• Neighbourhood battery (BESS System) 

• Glen Dimplex Water Cylinders 

• Glen Dimplex Storage Heaters 

• V2G chargers 

• EngieLab gateways to control the system [1] 

2.2 Osimo 

Osimo demo site is a town of ~35,000 inhabitants in Italy.  The towns electrical system utilises a multi-energy 
municipal electrical microgrid dominated by renewable sources. The 36.404 kW (July 2019) power required are 
generated by the following sources: 
 

• CHP: 1200 kWe, coupled with district heating network (~1250 final users connected); 

• Biogas: 1 plant, 999 kWe; 

• Biomass: 1 plant, 200 kW; 

• Mini-hydro: 2 plants, 100 kWe and 110 kWe; 

• PV: 973 plants ranging from 1 up to 973 kWp for a total installed power of 33795 kWp. 

During the four years project, the Osimo multi-energy municipal microgrid will be improved by installing different 
technologies in order to better exploit synergies among different energy network thus achieving the goal of 
increasing the self-consumption of electricity produced locally by distributed generation systems. These 
technologies are: 
 

• A 85 m3 Thermal Energy storage to be coupled with the existing CHP plant in order to enhance flexibility of 
the plant and increase the availability of the CHP plant in middle season and summer; 

• Smart Electric Thermal Storage (SETS) systems: 3 SETS space heaters and 2 water heaters will be installed 
in order to increase the flexibility related with heating/cooling systems and DHW production; 

• 2 EV charging stations, in order to test flexibility in charging EV and to test vehicle-to-grid (V2G) and vehicle-
to-building (V2B) flexibility strategies; 

• A 15.8 kW EES to be installed at Campocavallo pumping station; 

• A SCADA/Server ASTEA able to control the CHP district heating network and to monitor all the ASTEA 
distributed generation assets (including the two mini-hydro power plants in Padiglione and Sambucheto); 

• An almost real time data acquisition system from the DH network smart energy meters: 

• An almost real time data acquisition system from the water network smart energy meters [2]. 
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3 Methodology Overview  

A three-step approach was adopted to maximise the benefits of the methodology utilised.  The three steps are 
shown in Project Process Figure 1.  The project required the analysis of multiple sites, systems and assets for two 
locations.  The rate of progression varied for the locations, sites, systems and assets.   
 

 

Figure 1: Project Process 

The information and data were collected in an FMECA worksheet as presented in the Appendices. 
The taxonomy, the data and information collected and the theory for collecting this is described in the following 
sections. 
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3.1 Taxonomy 

The taxonomy was developed by RINA-C and agreed upon by the demo partners.  The scales of the locations under 
investigation were significantly different, therefore Oud-Heverlee was assigned as the location and the site. In the 
case of Oud-Heverlee, it was divided into systems and then assets. Due to the complexity and scale of Osimo, it was 
divided into the four sites shown below.  These sites were subsequently divided into systems and assets. 

• Combined Heat and Power Plant (CHP); 

• Osimo Padiglione Water Pumping Station; 

• Osimo Campocavallo Water Pumping Station; 

• Osimo Astea Headquarters. 

An example of the systems taxonomy for the electrical distribution and BESS systems is presented in Figure 2: 
 

 

Figure 2:  Project Taxonomy 
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3.2 Stage 1 – Asset Screening 

3.2.1 Asset List  

Where available, a list containing details on each asset to be assessed was supplied by the demo partners to RINA-
C.  This asset list contained information such as, but not limited to: 

1. Location - This describes Osimo or Oud-Heverlee; 
2. Sites - This describes the various areas of the Osimo Muse Grid system; 
3. Systems - The describes the systems installed in each sites; 
4. Assets - This describes the assets incorporated in each system; 
5. Manufacturer - This describes the manufacturer of each asset; 
6. Specification/Model - This describes the specification each asset; 
7. Year of Manufacture - This describes the Year of Manufacture of each asset; 
8. Maintenance regime - This describes the type of maintenance utilised on each asset; 
9. Operating regime - This describes the level of load and usage the asset is generally subjected to; 
10. Environmental Conditions - This describes the environment in which the asset is operating in. 

  
When such a list or specific items were not available, RINA-C supported the demo partners in attempting to devise 
this list. 

3.2.2 Asset Clustering 

Following the creation of an asset list, RINA-C clustered the assets using the information made available from the 
list above.  This was utilised to optimise asset portfolios, therefore reducing the level of analysis required in stage 
3 of the process.  
 
Clustering can also be used, during the operational phase, as a comparative analysis technique (Figure 3) to identify 
assets with significant variations compared to the bulk of assets within the cluster and allows for easy identification, 
management and rectification of issues within clusters and sub clusters before failure occurs.  
 

 

Figure 3:  Cluster Analysis Example 

In addition, as locations under investigation may contain a very large number of assets, it can be costly to install 
sensors on every asset. Therefore, assets can be selected to be representative of the entire cluster. It is important 
to note that this type of assessment introduces a degree of risk as the selected assets might not always be 
representative of the entire cluster.   
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3.2.3 Final Asset List  

RINA-C utilised the asset screening information to generate a draft asset list in an Excel format.  This list, shown in 
Section 8.1 and 8.2, was reviewed by the demo partners and deemed acceptable.   

3.3 Stage 2 – Failure mode, effect, and criticality analysis 

To identify the failure modes associated with the assets being analysed, a Failure Modes, Effects, and Criticality 
Analysis (FMECA) technique was used.  FMECA is a systematic technique to develop an understanding of the failure 
modes and consequence of failure associated with each asset. 

3.3.1 Failure Modes 

The items being analysed were generally multiple component assets with many subcomponents.  A fully detailed 
analysis of all failure modes would, in some case, yield many hundreds of results.  The detection and analysis of all 
these failure modes would be extremely time consuming, expensive and in most cases add little value.  Therefore, 
RINA-C utilised a top down approach to identify predominant high-level failure modes.  At the stage, RINA-C: 

• Identified failure modes that are a real possibility; 

• Identified failure modes which were being managed by sensors installed in the system. 

3.3.2 Asset Function and Failure Effects 

In order to simplify the consequence analysis workshop, RINA-C identified the function each asset undertakes in 
the system and the effects each failure mode would have on that function if nothing was done to predict or prevent 
it.  This included: 

• A description of the function of each asset; 

• A description of the effect a failure mode would have on the system; 

• If this failure would result in the reduction of the functionality of the system or the total loss of the 
functionality of the system; 

• The remedial action required if the failure mode occurred. 

3.3.3 Consequence Analysis  

The criteria for defining consequence can be quantitative, qualitative or a combination of both.  A common 
qualitative criterion was agreed with both demo partners prior to the consequence analysis being undertaken.  The 
criteria in BS EN ISO 14224:2016, as shown in Figure 4, provided the basis of the qualitative criteria that was utilised.  
However, RINA-C added a reputational category as show in  

Consequence 
Category 

Catastrophic Sever Moderate Minor 

Maintenance 
Very high 

maintenance costs 

Above normal 

maintenance costs 

At or below normal 

acceptable 

maintenance costs 

Low maintenance 

costs 
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Table 1.  RINA-C felt this was particularly important in the case of MUSE GRIDS as the public perception of such an 
important part of daily life is an extremely important aspect to consider in such analysis.  

 

Figure 4: BS EN ISO 14224:2016 Consequence Classification [3]  
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Table 1:  Muse Grid Consequence Classification 

With the assistance of the demo partners, a consequence of failure score was assigned to each failure mode based 

on how it is likely to impact the client.  The FMECA was utilised to understand the consequence of failure for each 

failure mode on the Muse Grid system as a whole. Each failure mode had its own associated consequence of failure, 

therefore there were multiple consequences of failure scores for many of the assets analysed. 

3.4 Stage 3 – Maintenance Analysis 

3.4.1 Identify Maintenance Techniques  

The different maintenance techniques which could be utilised to prevent this failure mode from occurring were 
identified during stage 3. The maintenance techniques were categorised with the excel document as follows: 

• Installed sensor to identify the failure mode; 

• Optimum sensor to identify failure mode; 

• Predetermined maintenance utilised if dynamic sensors were not installed.  

The sensor data list was utilised to document which of the failure modes the current system of sensors could 
potentially be identified.   

3.4.2 Analyse P-F Intervals 

A P-F interval is the time between the initial detection of a potential failure and the point in which functional failure 
occurs. A functional failure is the point where an asset fails to perform a required function. The failure can be a 
complete or partial failure of any primary or secondary asset function.  In some cases, when safety is a concern, the 
functional failure may not be the actual failure point but a predetermined point that should not be exceeded due 
to the risk involved. 
 
A detectable symptom or warning sign that a functional failure is in the process of occurring is a potential failure. 
Functional failures can have many different potential failure symptoms prior to the actual functional failure.  These 

Maintenance 
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costs 
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potential failure symptoms can occur at different times and are detectable by different methods. Some of the 
symptoms include heat, vibration, smell and cracking.  
 
The time interval of different failure modes and for different detection methodologies of the same failure modes 
will vary (Figure 5).     

 

Figure 5:  P-F Curve [4] 

The P-F intervals of the failure modes that the current system of sensors could identify were analysed.  Any sensor 
which could only provide a trip or alarm signal when the failure mode had already occurred were not analysed.  
Sensors which could provide continuous dynamic level of monitoring before a failure occurs were categorised in 
the FEMCA.  The categories are listed below and represent the period of time a sensor would provide between 
detection and failure occurring:   

• Minutes  

• Hours 

• Days 

• Weeks 

• Months  

• Years 

3.4.3 Analysis  

The FMECA identified the failure mode scenarios where predictive algorithms could be developed in order to 
identify possible upcoming failures.  
 
The availability and quality of data collected from assets were decisive in defining the detail of the weight that each 
model will have on the overall work approach.  A fault history particularly rich in failure events that cover very long 
periods is certainly useful for extracting a solid statistical model given the complete representation of all the 
phenomena detected over time. In the case of poor representative data patterns, the literature review approach 
could in some cases help to gather missing data patterns.  Unfortunately, as the units investigated were fairly new 



 

14 
 

to the market and the approach utilised was innovative, an extensive fault history or data from a literature review 
was not available.   
 
Data driven models, utilising Machine Learning techniques, were utilised to develop predictive models from 
different types of measured system data. These models will be developed further when historical data and 
information are available.  The information required includes: 

• Run-to-failure historical data of assets similar to the one we want to diagnose; 

• A known threshold value of condition indicators that indicate a failure; 

• Data about how much time or how much operational usage it took for similar assets to reach end of life. 

3.4.4 Likelihood of failure and risk allocation 

A likelihood of failure and risk score to each failure mode based on the sensor inputs.  The lowest score signifies 
the best condition (no measurable or detectable deterioration) and the highest score signifies the worst condition 
(serious degradation indicating a significant increase in probability of failure). A score, e.g. from 1 to 5, in 
comparison to acceptable limits from the relevant engineering standards: 

• Very good 

• Good  

• Fair 

• Poor  

• Very poor 

The likelihood of failure and consequence of failure for each individual failure mode will be multiplied together to 
produce a risk index.  The format of the risk matrix is shown in Figure 6. 

  

Figure 6:  Typical Risk Matrix 
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4 Analysis  

4.1 Stage 1 – Asset Screening  

The process documented in section 3.1 was utilised.  An excel asset list devised by RINA-C, containing the fields 
listed in section 3.2.1, was supplied to the Muse Grid demo partners.  The information was utilised to cluster assets 
into groups.  In this case, clusters were grouped using specification (manufacturer, model and year of manufacture) 
and operational stress (maintenance, operation and environment) data. Where data was not supplied, RINA-C 
utilised the information made available and engineering judgement to cluster the assets.   
 
The information supplied for this stage by the demo partners is summarised below:   

• Oud-Heverlee 

o Of the 89 assets, the complete specification data was supplied for 62. 

o No information was supplied on the 27 rooftop PV systems, therefore it was presumed that these 
units were of the same specification and operational stress. 

o The operational stress information was supplied for the majority of assets.  

• Osimo:  

o Of the 250 assets the complete specification data was supplied for 92. 

▪ The asset manufacturer was supplied for 132 assets. 

▪ The asset specification was supplied for 129 assets. 

▪ The year of manufacture supplied for 107 assets. 

o The operational stress (maintenance, operation and environment) information was not supplied 
for any of the assets.  Therefore, operational stress was not considered during the clustering 
process for the Osimo site.   

4.1.1 Oud-Heverlee Asset Screening 

Table 2 provides a breakdown of the assets contained within the Oud-Heverlee site and the total number of 
components associated with each asset. 
 

Table 2: Oud-Heverlee asset overview  

Oud-Heverlee Systems 
Number of assets within the associated 
systems 

Battery Energy Storage System 8 

Electric Vehicle Charger 6 

Glen Dimplex Water Cylinders 15 

Glen Dimplex Storage Space Heaters 7 

Roof top PV of multiple houses 27 

PV Gateway: Raspberry Pi microcontroller board x1 1 

Demand Gateway: Raspberry Pi microcontroller board  25 

Grand Total 89 
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A breakdown of the systems, the number of assets and the numbers of clusters assigned is documented in Table 3.  
This breakdown was based on the data obtained by RINA-C and provided by the demo partners.  Clustering meant 
25 components were deemed to representative of the 65 components installed in the Oud-Heverlee site. 

Table 3:  Oud-Heverlee systems, assets and clusters overview 

Systems and Assets Count of Assets Count of Clusters 

Battery Energy Storage System 8 8 

Battery racks 1 1 

DC bus system and DC protection 1 1 

EMS (high level control) 1 1 

Fire detection and suppression system 1 1 

HVAC 1 1 

Inverter 1 1 

MyPi Industrial IoT Edge Gateway - microcontroller 1 1 

SBMS (internal battery management system) 1 1 

Demand Gateway: Raspberry Pi microcontroller board 25 1 

Raspberry Pi microcontroller board 25 1 

Electric Vehicle Charger 6 2 

CHAdeMO connector (includes V2G function) 3 1 

EV Charger box 3 1 

Glen Dimplex Storage Space Heaters 7 7 

 Dimplex hub 1 1 

 Thermostat 1 1 

Charge controller & transceiver 1 1 

Electrical elements 1 1 

Heat supply fan 1 1 

Radio frequency module 1 1 

Thermal insulation 1 1 

Glen Dimplex Water Cylinders 15 5 

 Dimplex hub 3 1 

 Thermostat 3 1 

Charge controller & transceiver 3 1 

Electrical elements 3 1 

Water Clyinder 3 1 

PV Gateway: Raspberry Pi microcontroller board 1 1 

Raspberry Pi microcontroller board 1 1 

Roof top PV of multiple houses 27 1 

PV System 27 1 

Grand Total 89 25 

 

4.1.2 Osimo Asset Screening 

Due to the scale of Osimo, it was spilt into four systems.  Table 4 provides a breakdown of the sites, the total number 
of systems and assets in each site. 



 

17 
 

Table 4:  Osimo site and asset overview 

Sites Count of systems Count of Assets 

Osimo Astea Headquarters 22 67 

Osimo Campocavallo Water Pumping Station 8 43 

Osimo CHP 26 86 

Osimo Padiglione Water Pumping Station 10 50 

Grand Total 66 246 

 
Table 5 provides a breakdown of the number of assets included and the numbers of clusters assigned based on the 
data obtained by RINA-C and provided by the demo partners.  Clustering meant 110 assets were deemed to 
representative of the 246 assets installed in Osimo. 
 

Table 5:  Osimo assets and cluster overview 

Assets Count of Asset Count of Clusters 

AC Control panels 2 2 

AC/DC Control Panel 2 1 

Air cooler (engine cooling circuits) 1 1 

Battery racks 1 1 

Charge controller & transceiver 2 2 

CHP Engine 1 1 

Communication devices 2 2 

Compressor 2 2 

Connector (includes V2B function) 1 1 

Connector (includes V2G function) 1 1 

Control unit 1 1 

Control Valves 23 7 

Cooling coil 1 1 

DC bus system and DC protection 1 1 

DC Cables  4 2 

DC Control Panel 2 1 

Dimplex hub 2 1 

Electric Boiler 4 1 

Electric motor 32 7 

Electric motor control panel 32 6 

Electrical heating element 2 2 

Engine management system 2 2 

EV Charger box 2 2 

Expansion Valves 2 2 

Fire detection and suppression system 1 1 

Gas boiler  5 4 

Generator 1 1 

Governor 1 1 

Heat recovery boiler  1 1 
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Assets Count of Asset Count of Clusters 

Heat supply fan 1 1 

Heating coil 1 1 

HMI 1 1 

HV Cables 3 1 

HV Switchboard 3 1 

HV Transformer 3 2 

HVAC 1 1 

Ignition system 1 1 

Inverter 6 3 

LV Cables 7 3 

LV Switchboard 3 1 

Oil tanks 1 1 

Photo Voltaic Modules 4 2 

Pipelines 33 7 

Plant container ventilation system 1 1 

Plate heat exchanger  5 4 

SBMS (internal battery management system) 1 1 

Supply fans 1 1 

Thermal storage tank  1 1 

Thermostat 2 2 

Water Pump - Impeller 32 15 

Water to water heat pump  1 1 

Grand Total 246 110 

 

4.2 Stage 2 – Failure mode, effect and consequence analysis 

The process documented in section 3.3 was utilised.  An excel asset list devised by RINA-C, containing the 
identification information transferred from stage 1 and the criteria shown in Appendix C and D was created.  
 
RINA-C subject matter experts populated all elements of this document, apart from for the consequence scores.  
RINA-C then obtained confirmation from the Demo Partners that all applicable failure modes had been captured. 
 
Using the consequence scoring criteria shown in section 3.3.3, RINA-C facilitated a consequence scoring workshop 
with the demo partners and RINA-C subject matter experts.  A consequence score was applied to all the 
consequence criteria for each failure mode by the Demo partners.  The consequence was assigned based on the 
impact a failure would have, if not identified or prevented, on the Muse Grid systems.   

4.2.1 Oud-Heverlee FMECA 

The detailed breakdown of stage 2 of Oud-Heverlee can be found in Appendix C.  Table 6 and Figure 7 provide an 
overview of the maximum consequence levels at a system level.  Figure 9 breaks this down further and presents 
the maximum consequence score assigned at an asset level, based on the maximum scores allocated to each failure 
mode.  
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Table 6:  Oud-Heverlee system consequence overview 

Systems Max of Overall consequence (1 to 4) 

Battery Energy Storage System 4 

Electric Vehicle Charger 4 

Glen Dimplex Water Cylinders 4 

Glen Dimplex Storage Space Heaters 3 

PV Gateway 2 

Demand Gateway 2 

Roof top PV of multiple houses  1 

 
 
 

 

Figure 7:  Oud-Heverlee system consequence overview 

The Oud-Heverlee system is operating at a domestic level.  One of the key parameters to gauge success of the 
system is reliability when compared to a traditional domestic system.  Failure of any four of the seven systems 
installed in the system could have a direct impact on the day to day life of residents, therefore a consequence score 
of three or four was assigned by the demo partners to these systems.  The remaining three systems, although 
important, are unlikely to have any impact on the day to day life of the residents so they were assigned a score of 
one or two by the demo partners.  Figure 8 indicates that the demo partners feel that the most significant impact 
of failure would be reputational or on lost production.   
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Figure 8:  Oud-Heverlee average consequence distribution 
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Figure 9:  Oud-Heverlee asset consequence overview
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4.2.2 Osimo FMECA 

The detailed breakdown of stage two of Osimo can be found in Appendix D.  A summary of the consequence scoring 
can be found in Figure 13 and Figure 14.   
 
As can be seen in Figure 10 and Table 7, when compared to the average scores in Oud-Heverlee (Figure 10), the 
averaged consequence scores of the four sites were significantly lower. Osimo had excellent system redundancy, 
therefore a reduction in production output of a site or system due to failure would often have no impact on the 
Muse Grid users.  Discussions with the Muse Grid partners from Osimo established that the CHP and two water 
pumping stations had various consequence reduction measures in place, some of which are summarised below: 

• Maintenance contracts, including: 

o A fixed corrective maintenance cost. Therefore, the financial OPEX and CAPEX consequences 
were fixed for some assets.    

o Spares to ensure the return to service times were minimised.  

• An interconnectivity between the various sites.  

• Redundancy of many of the systems and assets. 

• Robust protection systems which minimise damage and the health, safety and environmental 
consequences.  

 
 

 

Figure 10:  Osimo average consequence distribution 
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Table 7:  Osimo average consequence distribution 

System 

Average Consequence Distribution 

Consequence 
(Maintenance 
Costs) 

Consequence 
(Reputation) 

Consequence 
(Health & 
Safety) 

Consequence 
(Environment)  

Consequence 
(Production Cost 
of failure)  

Osimo CHP  1.25 1.27 1.05 1.07 1.24 

Osimo Padiglione Water 
Pumping Station  

1.87 1.00 1.00 1.00 1.00 

Osimo Campocavallo 
Water Pumping Station  

1.7 1.2 1.0 1.0 1.5 

Osimo Astea 
Headquarters  

1.0 1.4 1.0 1.0 1.0 

Overall Average 1.41 1.24 1.02 1.02 1.18 

 
Figure 13 indicated sixteen of the twenty assets in the Astea Headquarters were assigned consequence scores of 1, 
with the remaining four assets assigned a score of two.  In all cases these assets were assigned a consequence score 
of two based on the reputational consequence of failure (Figure 11).  Many of the new assets (installed as part of 
Muse Grids project) in Astea headquarters and Oud-Heverlee have the same functionality, however the 
consequence of failure assigned were significantly different.  This can be attributed to the impact a failure would 
have when considering the significant difference in the scale of the systems.  
 
 

 

Figure 11:  Osimo sites max consequence scores assigned 

The systems assigned a score of 3 or 4 can be found in Figure 12.  These items are further broken down to an 
asset level in Table 8.  The consequence score assigned to the systems and assets are also summarised in Figure 
12 and Table 8 below. 
 

0
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3

4

Osimo Astea
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Water Pumping Station
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Max of Consequence
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Max of Consequence
(Health & Safety) (1
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Max of Consequence
(Enviroment) (1 to 4)

Max of Consequence
(Production Cost of
failure) (1 to 4)
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Figure 12:  Osimo systems assigned a consequence score of 3 and 4 

 

Table 8:  Osimo systems and assets assigned a consequence score of 3 and 4 

Osimo Sites, Systems and Assets Overall consequence (3 to 4) 

Osimo Campocavallo Water Pumping Station 4 

BESS 16.8 kWh (2) 3 

Battery racks 3 

Communication devices 3 

DC bus system and DC protection 3 

Engine management system 3 

Fire detection and suppression system 3 

HVAC 3 

Inverter 3 

SBMS (internal battery management system) 3 

Electrical Distribution 4 

HV Cables 3 

HV Switchboard 4 
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Osimo Sites, Systems and Assets Overall consequence (3 to 4) 

LV Cables 3 

LV Switchboard 4 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

3 

Electric motor 3 

Electric motor control panel 3 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

3 

Electric motor 3 

Electric motor control panel 3 

Osimo CHP 4 

CHP 3 

Oil tanks 3 

Electrical Distribution 3 

HV Cables 3 

HV Switchboard 3 

HV Transformer 3 

LV Switchboard 3 

Thermal storage tank  4 

Thermal storage tank  4 

Water to water heat pump  3 

Water to water heat pump  3 

Osimo Padiglione Water Pumping Station 4 

Electrical Distribution 4 

HV Cables 3 

HV Switchboard 4 

LV Cables 3 

LV Switchboard 4 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 
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Osimo Sites, Systems and Assets Overall consequence (3 to 4) 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 4 - 160 kW (1nos) 200kW(1nos) - back up 
 flow rate of 121.5 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h  

3 

Electric motor 3 

Electric motor control panel 3 

Number of Assets 49 
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Figure 13:   Osimo asset consequence
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Figure 14:  Osimo system consequences 
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4.3 Stage 3 – Maintenance Analysis 

This stage of the project was utilised to understand which of the failure modes could be monitored via the Muse 
Grid control system.  Once this was established the feasibility and benefits of failure modes were analysed.  
Algorithms were then developed by RINA-C for any failure mode deemed both feasible and beneficial.   
 
A considerable number of the sensors installed on the Osimo Muse grid assets could not be accessed by the Muse 
Grid control system.  The Osimo Muse grid partners indicated: 

• Osimo CHP - Only the governor system will be controlled by the Muse Grid smart controller.  No access to 
the monitoring system was possible due to software security issues.  Therefore, there will be no way in 
predictively monitoring any asset in the CHP system.     

• Osimo Padiglione Water Pumping Station – Limited parameters will be monitored by the Muse Grid smart 
controller.  Focus should be on the PV plant energy meters. 

• Osimo Campocavallo Water Pumping Station - Limited parameters will be monitored by the Muse Grid 
smart controller.  Focus should be on the PV plant energy meters and the BESS system. 

• Osimo Astea Headquarters – Access by the Muse Grid smart controller will be possible to the PV plant 
energy meters, the Glen Dimplex systems and the EV system. 

 
Of the sensors which could be accessed, many were trip systems to shut down an asset or an alarm system to 
indicate when a functional failure had occurred.  An input to an optimised resilience and smart maintenance system 
should provide a continuous dynamic level of monitoring which provide the opportunity to react appropriately 
before a failure occurs.  Appendix E and F provides a breakdown of the assets and components that could be 
accessed in Oud-Heverlee and Osimo and the suitably of the sensors for a resilience and smart maintenance system. 
 
 The failure modes listed in Table 9 were the only systems that could be utilised to potentially reduce unexpected 
failures. 
 

Table 9:  Consequence of accessible and useable sensors 

   Consequence Score Assigned  

System Asset Failure Mode 
Osimo 
CHP 

Osimo 
Padiglione 
Water 
Pumping 
Station 

Osimo 
Campocavallo 
Water 
Pumping 
Station 

Osimo Astea 
Headquarters 

Oud-
Heverlee 

Max 
Score 

BESS  Batteries 
Thermal run 
away 

N/A N/A 3 N/A 4 4 

BESS Batteries Loss of capacity N/A N/A 1 N/A 1 1 

BESS Inverter IGBT failure N/A N/A 3 N/A 2 3 

PV 
System  

PV 
Modules 

Self-tripping due 
to grid voltage 
range 

2 1 1 2 1 2 

Glen 
Dimplex 
Water 
Cylinders 

Electrical 
Element  

Malfunction N/A N/A N/A 2 3 3 
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   Consequence Score Assigned  

System Asset Failure Mode 
Osimo 
CHP 

Osimo 
Padiglione 
Water 
Pumping 
Station 

Osimo 
Campocavallo 
Water 
Pumping 
Station 

Osimo Astea 
Headquarters 

Oud-
Heverlee 

Max 
Score 

Glen 
Dimplex 
Storage 
Space 
Heaters 

Electrical 
Element  

Malfunction N/A N/A N/A 2 3 3 

 
Of the failure modes listed in Table 9, an algorithm was not developed for the loss of capacity failure mode of the 
BESS batteries.  This was due to the low consequence of failure score assigned by the Muse Grid partners from 
Osimo and Oud-Heverlee. 
 
The following five failure modes were investigated by RINA-C subject matter experts in more detail: 
 

• Battery thermal run away; 

• Inverter IGBT failure; 

• PV system self-tripping due to grid voltage range; 

• Water cylinder electrical element malfunction; 

• Storage space heaters electrical element malfunction. 

A risk analysis was undertaken on electrical elements for the Glen Dimplex water cylinders and space heaters.  The 
risk analysis considered the consequence score assigned in stage 2 and the probability of failure based on historic 
data of similar systems.   
 
A breakdown of the consequence score assigned to the cylinders are shown in Table 10 below. 
 

Table 10: Glen Dimplex water cylinders and space heaters consequence scores 

   Consequence Score Assigned  

Location System 
Failure 
Mode 

Maintenance  Reputation 
Health 
& 
Safety 

Environment Production  
Max 
Score 

Oud-
Heverlee 

Glen 
Dimplex 
Water 
Cylinders 

Malfunction 
of the 
electrical 
element 

2 3 1 1 2 3 

Oud-
Heverlee 

Glen 
Dimplex 
Storage 
Space 
Heaters 

Malfunction 
of the 
electrical 
element 

2 3 1 1 2 3 

Osimo Astea 
Headquarters 

Glen 
Dimplex 

Malfunction 
of the 

1 2 1 1 1 2 
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   Consequence Score Assigned  

Location System 
Failure 
Mode 

Maintenance  Reputation 
Health 
& 
Safety 

Environment Production  
Max 
Score 

Water 
Cylinders 

electrical 
element 

Osimo Astea 
Headquarters 

Glen 
Dimplex 
Storage 
Space 
Heaters 

Malfunction 
of the 
electrical 
element 

1 2 1 1 1 2 

 
The electrical elements within a Glen Dimplex system are standard electrical heating elements and generally 
subjected to similar levels of stresses as standard water cylinders and storage space heaters.  A quantitative figure 
on failure rates of electrical elements in these assets could not be obtained, however the RINA-C subject matter 
experts indicated the likelihood would be extremely low, particularly in the early stage of the asset life cycle.  It is 
also worth considering that the reputational consequence score assigned.  The eventual acceptance of the Muse 
Grid System by the customers and/or a comparable operational life to traditional systems of 15 years or more would 
likely reduce the reputation consequence considerably.  For these reasons, RINA-C decided not to develop a 
predictive algorithm for the failure of the electrical elements in the Glen Dimplex systems. 
 

4.3.1 Algorithm Development for Batteries Thermal run away 

Lithium ion cells can undergo thermal runaway. This is a rapid failure that occurs in a lithium ion cell over a period 
of a few seconds. The cell temperature can exceed 500°C during a thermal runaway event. 
 
The failure mode is an internal short circuit between the battery electrodes where the “self-protection” mechanism 
of the cell was not effective. 
 
Cell electrodes are separated by a porous polymer membrane, the “separator”. The separator allows transport of 
ions between anode and cathode (during charging and discharging) but prevents direct contact between the 
electrodes. 
 
The membrane is designed to melt, and become non-porous in an overload situation, blocking current flow and 
causing the cell to fail safely. However, in some scenarios the membrane “fail safe” is not effective, and a rapid 
thermal runaway occurs.  
 
The most common causes of thermal runaway are: 

• Manufacturing defect, potentially affecting 1 in 106 cells; 

• Design defect e.g. inadequate spacing between internal electrodes, which when identified should result in 

a product recall; 

• Mechanical damage (during transportation, or service); 

• Exposure to high levels of environmental shock or vibration when in service (which is less likely to be the 

case in a fixed installation); 

• Repeated low temperature charging leading to metallic dendrite formation, which can pierce electrode 

separator and cause internal short circuit. 
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Predicting thermal runaway of an individual battery cell is not considered possible, as the time frame for the failure 
is only a few seconds. 
 
Identifying when thermal runaway of a battery cell has occurred, and acting before adjacent cells also fail, may be 
possible, depending on the temperature and voltage monitoring that is available on individual battery packs, and 
specifically the location at which battery pack temperature is monitored, and the time interval between 
measurements. A step change in internal temperature which is outside of normal temperature variation could be 
used to trigger an alarm. Likewise, a step change in battery pack voltage (depending on the serial / parallel 
arrangement of the battery pack cells) could be used to trigger an alarm. Prompt action may allow removal of the 
affected battery pack, preventing a cascade / chain reaction failure of neighbouring battery packs. The above can 
be applied based on the following equations: 
 
Temperature detection: 

Equation 1: Battery thermal runaway temperature detection 

𝛥 (𝑇𝑒𝑚𝑝𝑡−1 − 𝑇𝑒𝑚𝑝𝑡) > 3 ∗ 𝑠𝑡𝑑 (𝛥 (𝑇𝑒𝑚𝑝𝛮)) 
Where Δ (𝑻𝒆𝒎𝒑𝜨) is the difference of successive temperature points across the whole dataset, std is the standard 
deviation of the temperature differences. 
 
Voltage detection: 

Equation 2: Battery thermal runaway voltage detection 

𝛥 (𝑉𝑡−1 − 𝑉𝑡) > 3 ∗ 𝑠𝑡𝑑 (𝛥 (𝑉𝛮)) 
Where: 

 Δ (𝑉𝛮)  is the difference of successive voltage points across the whole dataset 
std  is the standard deviation of the voltage differences. 

 
Modelling of temperature rise of cylindrical 18650 cells adjacent to a cell which has undergone thermal runaway 
has been carried out [5]. This work showed that whereas the thermal runaway of an individual cell occurs over a 
period of seconds, surface temperature rise of adjacent cells may occur over a period of several minutes – see 
Figure 15 and Figure 16 extracted from this paper, below. 

 

Figure 15:  Surface temperature rise of adjacent cells diagram [5] 
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Figure 16: Surface temperature rise of adjacent cells graph [5] 

4.3.2 Algorithm Development for Inverter IGBT failure  

Insulated-Gate Bi-Polar Transistors (IGBTs) are high power density solid-state switching devices that are 
incorporated in the inverters of this installation. 
 
IGBTs do have known wear out mechanisms and failure modes. 
 
IGBT failures are normally fast and catastrophic, and the root cause of the failure can be difficult to determine due 
to the degree of damage that occurred, which often destroys any evidence of the root cause. 
 
However, it is known that IGBT modules can fail as a result of degradation due to crack formation in their heat 
sinking (the bonding between the silicon devices and the module heat sink), and because of cracks in the bond 
wires to the silicon devices. This degradation is caused by thermal cycling and power cycling.  
 
Figure 17 shows a schematic of a typical IGBT module. Cyclic thermo mechanical stresses due to coefficient of 
thermal expansion (CTE) mismatch between the materials can result in crack initiation and propagation, particularly 
at the bond wires, and the die attach solders. 
 

 

Figure 17: Schematic of a typical IGBT module 
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It is possible to monitor bond wire degradation my measuring voltage drop, however in this installation there is no 
means to measure an increase in volt drop associated with bond wire degradation. 
 
It is also possible to monitor the degradation of the die attach, by measuring the thermal resistance through the 
package. Figure 18 shows experimental data of thermal resistance vs. power cycles. This data was gathered using 
an IGBT test system (data taken from Mentor Graphics, now Siemens, testing). After approximately 20000 power 
cycles the thermal resistance of the die attach solder connections begins to increase, until after approximately 
30000 power cycles the IGBT failed.    
 

 

Figure 18: Experimental data of thermal resistance vs. power cycles [6] 

 
In this installation it will not be possible to measure the actual thermal resistance of the IGBT die, but it should be 
possible to compare the IGBT operating temperature at a given inverter current, and the local ambient operating 
temperature, and to trend the differential between these two temperatures against the number of power cycles.   
 
A stable IGBT should dissipate a consistent amount of heat through its heat sink for a given inverter current. The 
IGBT temperature sensor will be measuring the IGBT heat sink temperature.  
 
The IGBT temperature, control printed circuit board temperature, and inverter currents are read by the MODBUS 
network, as per the MODBUS ID names shown below. 
 

Table 11:  MODBUS ID names 

line 1 current 

line 2 current 

line 3 current 

temperature (control board) 

IGBT temperature 

 
In addition, it will be required to count the number of power cycles (both charging and discharging) that the IGBTs 
have been subjected to. 
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Monitoring the IGBT heat sink temperature for a given inverter current in time (i.e. vs. the number of power cycles) 
may indicate when IGBT die attach degradation had started (as per the inflection point in the chart of thermal 
resistance vs. power cycle shown above), and when preventative maintenance should be considered.  
 
The MODBUS sampling rate for these data is not known, but the equilibrium values for each power cycle should be 
taken, assuming a power cycle duration is long enough for the IGBT and control board temperatures to reach 
equilibrium.  
 
The following process (Figure 19) is suggested as a starting point for evaluation of this approach. The limits for when 
a potential problem should be flagged / alarmed are not known, and therefore a limit of 3 standard deviations has 
been suggested as this is a recognised condition assessment approach. Once “real world” data is available for the 
system, the approach can be refined.  
 

 

Figure 19: IGBT analysis flow diagram 

 
IGBTs can also fail because of electrical breakdown between internal die. The microscope images (Figure 20) show 
an example of the onset of failure as a result of electro migration between internal IGBT components, where 
metallic dendrites are reducing the creepage distance between internal components. The failure mode is more 
likely to occur in IGBTs that operate in high humidity environments and therefore humidity control in the Muse 
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installation could mitigate the likelihood of this degradation mechanism. Once the migration has sufficiently 
reduced creepage distance between components an electrical flash over occurs, leading to fast catastrophic failure.   
 

 

Figure 20: Onset of IGBT failure as a result of electro migration between internal components 

 
Electro migration related failure cannot be predicted or monitored by condition assessment other than by periodic 
visual inspection, which itself may be destructive. Therefore, this failure mode is not given further consideration 
for preventative condition assessment. 
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4.3.3 Algorithm Development for PV Modules Self-tripping due to grid voltage range 

When the phase voltage of the low voltage grid exceeds acceptable upper limit of 253 V or falls below 216 V an 

over voltage or under voltage event may occur. Once this happens, a breaker will trip disconnecting the solar panels 

from the grid to prevent a situation where the grid voltage is outside specification. This can potentially damage 

household electrical items. One of the main reasons that the voltage could go outside the standard range is that 

the solar array may increase the voltage on the grid too much, due to a low demand and high production situation. 

To prevent and manage such a situation a prediction system may be useful.  

To predict a voltage fluctuation from the solar array, it is proposed to develop an outlier detection system. This 

approach is beneficial as it is a data driven approach and can “adapt” to current conditions. When an outlier is 

detected the system will trigger and alarm, this will then alert a system operator to a possible problem. The system 

operator can then determine if there is a fault risk.  The method for triggering an alarm can be seen in Figure 21: 

 

Figure 21: IGBT method for triggering an alarm 

First the data will need to be filtered, in these cases the data will need to only contain the previous 24 hours 

including the current voltage reading. From this dataset the bounds will be generated. This will be compared to the 

new voltage reading, if the voltage is outside the identifier bounds, an alarm will be triggered, and the system 

operator will be notified. 

Three different outlier detection methods have been selected to be tested. These are the Hampel Identifier, which 

is based on a median based identifier, the normal distribution which is based on the standard deviation and mean 

based identifier and finally the box plot identifier, another median based identifier. 

4.3.3.1 Method 1 - Hampel Identifier 

The Hampel Identifier uses the Median Absolute Deviation (MAD) and therefore is less susceptible to contamination 

than the standard deviation. As a large outlier will have a negligible effect on the median, however will have a large 

effect on the mean. 
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The bounds are calculated as shown in Equation 3, with the data set Vi being the voltage data points from the 

previous 24 hours (1440 minutes): 

Equation 3: Hampel Identifier equation 

𝑉𝑖 = [𝑉𝑡 , 𝑉𝑡−1, 𝑉𝑡−2 … 𝑉𝑡−1440] 

�̃� = 𝑚𝑒𝑑𝑖𝑎𝑛(𝑉𝑖) 

𝑀𝐴𝐷 = 𝑚𝑒𝑑𝑖𝑎𝑛(|𝑉𝑖 − �̃�|) 

𝑆 =
1

0.6745
∗ 𝑀𝐴𝐷 

 

𝑈𝑝𝑝𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 =  �̃� + 3𝑆 

𝐿𝑜𝑤𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 = �̃� − 3𝑆 

 

Figure 22: Hample identifier 24 hour moving window (Oud-Heverlee measured data) 

4.3.3.2 Method 2 - Normal distribution 

Standard deviation equation (Equation 4) is more susceptible to contamination than the Hampel Identifier. This is 

due to the mean being used as the basis of the calculation. This will provide less false positives, especially when 

more data is introduced. However, may be more susceptible to false negatives.  
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Equation 4: Normal distribution equation 

𝑉𝑖 = [𝑉𝑡 , 𝑉𝑡−1, 𝑉𝑡−2 … 𝑉𝑡−1440] 

𝜇 =  
1

𝑁
∑ 𝑉𝑖

𝑁

𝑖=1

 

𝜎 =  √
1

𝑁
∑(𝑉𝑖 − 𝜇)2

𝑁

𝑖=1

 

 

𝑈𝑝𝑝𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 =  𝜇 + 3𝜎 

𝐿𝑜𝑤𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 =  𝜇 − 3𝜎 

 

Figure below compares 2σ and 3σ limits. 

 

Figure 23: Normal distribution 24 hour moving window (Oud-Heverlee measured data) 
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4.3.3.3 Boxplot Rule 

The box plot rule (Equation 5) is based on the interquartile ranges of the data, and therefore is based on the 

median so does not have the contamination issues that the standard deviation has. 

Equation 5: Box plot equation 

𝑉𝑖 = [𝑉𝑡−1, 𝑉𝑡−2, 𝑉𝑡−3 … 𝑉𝑡−1440] 

𝑄2 =  𝑀𝑒𝑑𝑖𝑎𝑛(𝑉𝑖) 

𝐼𝑄𝑅 = 𝑄1 − 𝑄3 

𝑈𝑝𝑝𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 = 𝑄3 + 1.5 𝐼𝑄𝑅 

𝐿𝑜𝑤𝑒𝑟 𝐵𝑜𝑢𝑛𝑑 = 𝑄1 − 1.5 𝐼𝑄𝑅 

 

 

Figure 24: Box plot 24 hour moving window (Oud-Heverlee measured data) 

4.3.3.4 PV Modules Self-tripping due to grid voltage range. Recommendation 

The proposed identifier methods were able to identify numerous outliers in the analysed data. The box plot method 

was able to detect 235 outliers, normal distribution method (3σ limit) detected 112 outliers and the Hampel 

identifier detected 130.  

All the identified outliers were false positives as there were no actual data points in the system that exceeded the 

recommended limits [253V 216V]. Nevertheless, the proposed methods were able to detect patterns (+ve /-ve) 

that could have potentially triggered the alarm.  

The proposed methods will require larger amount of field data to further check the accuracy of the proposed outlier 
identifiers. This process will help to avoid overfitting issues. Furthermore, tuning and training of the proposed 
methods will minimise uncertainty and improve system reliability. 
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4.3.4 Likelihood and Risk Allocation 

The original plan was to utilise the algorithms shown in sections 4.3.1, 4.3.2 and 4.3.3 to obtain a likelihood of 
failure score.  Unfortunately, as the units investigated were fairly new to the market and the approach utilised was 
innovative an extensive fault history or data from a literature review were not available.  Therefore, the accuracy 
of the algorithm cannot be confirmed to allow score, e.g. from 1 to 5, in comparison to acceptable limits to be 
assigned.  This could be done once extensive fault history becomes available.     
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5 Discussion and Recommendations 

The development of the algorithms discussed in section 4.3 will have a positive impact on the reliability, resilience 
and lifecycle costs of the systems in which it will be implemented.  To optimise the benefit of these algorithms and 
provide a dynamic risk profile, further analysis is required.  Currently the algorithms developed provide only an 
indication of pending failure. This is due to an extensive fault history or data from a literature review being 
unavailable, so the only option was to utilise anomalies detection.  Once the monitoring is implemented, it is 
advised that the accuracy of the algorithms is reviewed in 12 months with the objective of implementing a score, 
e.g. from 1 to 5, in comparison to acceptable limits. When combined with the consequence score, this will provide 
Muse grid operators with a dynamic visual representation of asset risk.   
 
Of the 49 assets assigned a consequence score of 3 or above in Osimo, only the 8 assets in the BESS system could 
be accessed by the Muse Grid Control system.   Many of the 41 assets not being monitored would have provided a 
valuable improvement in resilience and reliability.  Many of these assets also have established and mature online 
condition monitoring systems which could easily be incorporated into the Muse Grid risk monitoring system.  It was 
stated by the Osimo Muse Grids partners that these systems could not be accessed due to security, ownership and 
operational reasons.  A further investigation should be undertaken into implementing a view only interface with 
this condition monitoring technology.  If this was to be implemented, then the Muse Grid in Osimo could make risk 
driven decisions on the system configuration without necessarily having control of individual sites or asset.     
 
Of the assets in Osimo and Oud-Heverlee which could be accessed by the Muse Grids control system, only 9 of the 
assets have had algorithms developed to allow risk to be dynamically profiled.  These assets are shown in Table 12.  
Of other assets which the Muse grids control could access, they could not effectively monitor these as the sensor 
technology was designed for control, alarm, or trip systems.  The sensor technology was not designed specifically 
with the objective of smart maintenance or resilience, therefore only a limited amount of failure modes could be 
monitored.   
  

Table 12: Failure mode algorithms developed  

System Asset 
Failure 
Mode 

Osimo CHP 

Osimo 
Padiglione 
Water 
Pumping 
Station 

Osimo 
Campoca
vallo 
Water 
Pumping 
Station 

Osimo Astea 
Headquarters 

Oud-Heverlee 

BESS  Batteries 
Thermal run 
away 

System not 
installed 

System not 
installed  

System not 
installed  

BESS Inverter IGBT failure 
System not 

installed 
System not 

installed  
System not 

installed  

PV 
System  

PV 
Modules 

Self-tripping 
due to grid 
voltage 
range 

      

 
 
The optimised resilience and smart maintenance analysis was undertaken, in parallel with the grid control system 
design, on many assets and systems which had already been designed, installed or purchased.  Undertaking this 
investigation at this stage drastically reduced the effectiveness of the output.  The project should have considered 
undertaking a FMECA and reliability and maintainability assessment during the preliminary design review stage of 
the project.  Implementing such a review at this stage would have: 
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• Emphasised the importance of a view only interface to sensor technology on the Osimo assets with high 
consequence which cannot currently be accessed by the Muse Grids control; 

• Altered the design of some of the Muse grid assets to incorporate a specific diagnostic system to provide a 
warning and location of impending failure; 

• Reduced the lifecycle costs of the systems by maximising maintenance costs and system design. 
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6 Conclusions 

This project utilised a process for the development of a predictive models, algorithms and tools.  This development 
was to help to guarantee grid stability and resilience through a deep knowledge of the effects in the grid of: 

• A highly variable generation and demand (e.g. renewable and electric vehicles); 

• Faults in the grid facilities; 

• Faults in the distribution grid.   

 
The sensor inputs to the diagnostic module were limited to only sensor technology currently incorporated on the 
Muse Grids control system.  Most of the assets incorporated in Osimo could not be accessed by the Muse Grids 
control system.  Of the sensors in both location which could be accessed by the control system, the vast majority 
could not be utilised for this analysis as they were designed for control, alarm, or trip systems.  This limited the 
predictive algorithms to be developed for: 

• Battery thermal run away in the installed BESS systems  

• Inverter IGBT failure installed BESS systems 

• PV system self-tripping due to grid voltage range  

 
For the algorithms to be effective they required an extensive fault history or data from a literature review.  
Unfortunately, neither were available therefore the only option was to utilise anomalies detection.  Once the 
monitoring is implemented, it is the advised that the accuracy of the algorithms is reviewed in 12 months with the 
objective of implementing a score, e.g. from 1 to 5, in comparison to acceptable limits.   
 
The RCM analysis, through the consequence analysis, identified which failure mode should be prioritised to improve 
the system if implemented in future iterations of the diagnostic module. 
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8 Appendix 

8.1 Appendix A - Stage 1, Oud-Heverlee Asset Screening 

Site System Asset Cluster 
RINA-C Comp 

Ref 
Manufacturer Specification/Model 

Year of 
manufacture 

Maintenance Regime Operating Regime Environmental Conditions 

Oud-Heverlee 
Battery Energy 
Storage System 

Battery racks BB_1 BB_1_1 by ABB 

PQstorI 

2020 
System check: weekly 

Batteries: yearly 

Between minimum 
and maximum SoC 

(e.g. 10% - 90%) 
How often these will 

be 
charged/discharged? 

15min scheduling 
interval 

(as per the PQplus installation manual) 
Operating temperature: -10ºC to 40ºC 

Storage temperature: -25ºC to 70ºC 
Max humidity. 95%  

 
Site conditions from demo partners: 

Use Belgium typical conditions 

Oud-Heverlee 
Battery Energy 
Storage System 

Inverter INV_1 INV_1_1 by ABB 2020 

System check: weekly 
Inverter fans 

replacement: 4 
years/40,000 hours of 

operation 
Screws n connections: 

yearly 

Within 56kVA rating. 
Conversion AC/DC 
for charging and 

DC/AC for 
discharging. 

Oud-Heverlee 
Battery Energy 
Storage System 

DC bus system 
and DC 

protection 
DCS_1 DCS_1 by ABB 2020 

System check: weekly 
Screws n connections: 

yearly 

BESS once a day 
charge/discharge 
mainly for DSM 

Oud-Heverlee 
Battery Energy 
Storage System 

SBMS (internal 
battery 

management 
system) 

SBMS_1 SBMS_1_1 ABB 2020 
System check: weekly 
Screws n connections: 

yearly 

Oud-Heverlee 
Battery Energy 
Storage System 

EMS (high level 
control) 

EMS_1 EMS_1_1 MUSE GRIDS 2020 
System check: weekly 
Screws n connections: 

yearly 

Oud-Heverlee 
Battery Energy 
Storage System 

HVAC HVAC_1 HVAC_1 ABB 2020 
System check: weekly 

HVAC: 6 months 

Oud-Heverlee 
Battery Energy 
Storage System 

Fire detection 
and 

suppression 
system 

FDS_1 FDS_1_1 ABB 2020 
 

Fire safety: 6 months 

Oud-Heverlee 
Battery Energy 
Storage System 

MyPi Industrial 
IoT Edge 

Gateway - 
microcontroller 

RPI_1 RPI_1_1 
Embedded 
Technology 

2020 N/A 
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Site System Asset Cluster 
RINA-C Comp 

Ref 
Manufacturer Specification/Model 

Year of 
manufacture 

Maintenance Regime Operating Regime Environmental Conditions 

Oud-Heverlee 
Electric Vehicle 

Charger 
EV Charger box EVC_1 

EVC_1_1, 
EVC_1_2, 
EVC_1_3, 

Magnum Cap V2G 2.0 

2020 

As per the User Guide no 
maintenance is required. 

Charging mode 
V2G mode 
Limit 10kW 

Daily 
charge/discharge 

once, similar to BESS 

 
 

Use typical Belgium conditions 
Oud-Heverlee 

Electric Vehicle 
Charger 

CHAdeMO 
connector 

(includes V2G 
function) 

MOC_1 
MOC_1_1, 
MOC_1_2, 
MOC_1_3 

2020 

Oud-Heverlee 
Glen Dimplex 

Water 
Cylinders 

Electrical 
elements 

EE_1 
EE_1_1, 
EE_1_2, 
EE_1_3 

Glen Dimplex 

N/A 

2020 No actions listed 

Scheduling daily 
once 

charge/discharge 
(ON/OFF only, no 
other seething is 

sent) 

Oud-Heverlee 
Glen Dimplex 

Water 
Cylinders 

Thermostat THS_1 
THS_1_1, 
THS_1_2, 
THS_1_3 

Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 

Water 
Cylinders 

Charge 
controller & 
transceiver 

CCT_1 
CCT_1_1, 
CCT_1_2, 
CCT_1_3 

Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 

Water 
Cylinders 

Dimplex hub DH_1 
DH_1_1, 
DH_1_2, 
DH_1_3 

Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 

Water 
Cylinders 

Water Cylinder DWC_1 
DWC_1_1, 
DWC_1_2, 
DWC_1_3 

Glen Dimplex 2020 No actions listed 
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Site System Asset Cluster 
RINA-C Comp 

Ref 
Manufacturer Specification/Model 

Year of 
manufacture 

Maintenance Regime Operating Regime Environmental Conditions 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 

Electrical 
elements 

EE_2 EE_2_1 Glen Dimplex 

N/A 

2020 
Battery replacement 

(clock) 

Scheduling daily 
once 

charge/discharge 
(ON/OFF only, no 
other seething is 

sent) 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 
Thermostat THS_2 THS_2_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 

Charge 
controller & 
transceiver 

CCT_2 CCT_2_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 

Radio 
frequency 

module 
RFM_2 RFM_2_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 
Dimplex hub DH_2 DH_2_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 

Heat supply 
fan 

HSF_1 HSF_1_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Glen Dimplex 
Storage Space 

Heaters 

Thermal 
insulation 

TI_1 TI_1_1 Glen Dimplex 2020 No actions listed 

Oud-Heverlee 
Roof top PV of 

multiple 
houses 

PV System PVS_1 
PVS_1_1, 
PVS_1_2, 
PVS_1_3 

N/A N/A N/A N/A N/A 

Oud-Heverlee 

PV Gateway: 
Raspberry Pi 

microcontroller 
board 

Raspberry Pi 
microcontroller 

board 
RPI_2 RPI_2_1 Engie N/A 2020 N/A N/A 

Oud-Heverlee 

Demand 
Gateway: 

Raspberry Pi 
microcontroller 

board 

Raspberry Pi 
microcontroller 

board 
RPI_3 

PRPI_3_1, 
RP1_3_2, to, 

RPI_3_25 
Engie N/A 2020 N/A N/A 
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8.2 Appendix B - Stage 1, Osimo Asset Screening 

Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP CHP CHP Engine CHPE_1 CHPE_1_1 MWM TCG 2020 V12 1200kWe 2016 

Osimo CHP CHP 
Engine management 

system 
EMS_1 EMS_1_1 N/A N/A 2016 

Osimo CHP CHP Governor GOV_1 GOV_1_1 MWM TEM - EVO 2016 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 N/A Altronic ZS3 2016 

Osimo CHP CHP Generator GENE_3 GENE_3_1 Marelli MJB 500 MB4 2016 

Osimo CHP CHP 
Air cooler (engine 
cooling circuits) 

EAC_1 EAC_1_1 N/A N/A 2016 

Osimo CHP CHP 
Plant container 

ventilation system 
PCVS_1 PCVS_1_1 Euroventiatori XEVL900/AE84 2016 

Osimo CHP 
Plate heat exchanger (engine 

cooling circuits) 
Plate heat exchanger PHE_1 PHE _1_1 KELVION 687kW 2016 

Osimo CHP 
Heat recovery boiler (engine 

exhaust circuit) 
Heat recovery boiler HRWB_1 HRWB_1_1 APROVIS 706kW 2016 

Osimo CHP Water to water heat pump 
Water to water heat 

pump 
WHP_1 WHP_1_1 ERGO 160kW 2018 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP Water to water heat pump Plate heat exchanger PHE_2 PHE_2_1 ALFALAVAL 120KW 2018 

Osimo CHP 
CHP h/exchs to thermal 

storage tank circulation pump 
Water Pump - Impeller WPI_1 WPI_1_1 GRUNDFOSS NB50-125/135 N/A 

Osimo CHP 
CHP h/exchs to thermal 

storage tank circulation pump 
Control Valves CV_1 CV_1_1 N/A N/A N/A 

Osimo CHP 
CHP h/exchs to thermal 

storage tank circulation pump 
Pipelines PIW_1 PIW_1_1 N/A N/A N/A 

Osimo CHP 
CHP h/exchs to thermal 

storage tank circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_1 N/A N/A N/A 

Osimo CHP 
CHP h/exchs to thermal 

storage tank circulation pump 
Electric motor EMC_1 EMC_1_1 N/A N/A N/A 

Osimo CHP Thermal storage tank Thermal storage tank THT_1 THT_1_1 GALU' 85m3 2020 

Osimo CHP 
Thermal storage tank to main 

h/exch circulation pump 
Water Pump - Impeller WPI_2 WPI_2_1 GRUNDFOSS TP100-130/4 2020 

Osimo CHP 
Thermal storage tank to main 

h/exch circulation pump 
Control Valves CV_1 CV_1_2 N/A N/A N/A 

Osimo CHP 
Thermal storage tank to main 

h/exch circulation pump 
Pipelines PIW_1 PIW_1_2 N/A N/A N/A 

Osimo CHP 
Thermal storage tank to main 

h/exch circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_2 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP 
Thermal storage tank to main 

h/exch circulation pump 
Electric motor ECM_1 ECM_1_2 N/A N/A N/A 

Osimo CHP 
Main plate heat exchanger 

(system primary to secondary 
circuit) 

Plate heat exchanger PHE_3 PHE_3_1 KELVION 1579kW 2016 

Osimo CHP 
Main heat exchanger to gas 

boilers circulation pump 
Water Pump - Impeller WPI_3 WPI_3_1 GRUNDFOSS MDG125-80-200/214 2016 

Osimo CHP 
Main heat exchanger to gas 

boilers circulation pump 
Control Valves CV_1 CV_1_3 N/A N/A N/A 

Osimo CHP 
Main heat exchanger to gas 

boilers circulation pump 
Pipelines PIW_1 PIW_1_3 N/A N/A N/A 

Osimo CHP 
Main heat exchanger to gas 

boilers circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_3 N/A N/A N/A 

Osimo CHP 
Main heat exchanger to gas 

boilers circulation pump 
Electric motor EMC_1 EMC_1_3 N/A N/A N/A 

Osimo CHP Gas boiler 1 4652kW Gas boiler GB_1 GB_1_1 Ferroli ASH 3G 4000/15 2006 

Osimo CHP Boiler 1 circulation pump Water Pump - Impeller WPI_4 WPI_4_1 SALVATORE ROBUSCHI RDL50 16A 200 2006 

Osimo CHP Boiler 1 circulation pump Control Valves CV_1 CV_1_4 N/A N/A N/A 

Osimo CHP Boiler 1 circulation pump Pipelines PIW_1 PIW_1_4 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP Boiler 1 circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_4 N/A N/A N/A 

Osimo CHP Boiler 1 circulation pump Electric motor ECM_1 ECM_1_4 N/A N/A N/A 

Osimo CHP Gas boiler 2 4652kW Gas boiler GB_1 GB_1_2 Ferroli ASH 3G 4000/15 2006 

Osimo CHP Boiler 2 circulation pump Water Pump - Impeller WPI_4 WPI_4_2 SALVATORE ROBUSCHI RDL50 16A 200 2006 

Osimo CHP Boiler 2 circulation pump Control Valves CV_1 CV_1_5 N/A N/A N/A 

Osimo CHP Boiler 2 circulation pump Pipelines PIW_1 PIW_1_5 N/A N/A N/A 

Osimo CHP Boiler 2 circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_5 N/A N/A N/A 

Osimo CHP Boiler 2 circulation pump Electric motor ECM_1 ECM_1_5 N/A N/A N/A 

Osimo CHP Gas boiler 3 4500kW Gas boiler GB_2 GB_2_1 UNICAL B90-ZE002 / TERNOX45002SHP 2017 

Osimo CHP Boiler 3 circulation pump Water Pump - Impeller WPI_5 WPI_5_1 GRUNDFOSS TP80-140/2 2017 

Osimo CHP Boiler 3 circulation pump Control Valves CV_1 CV_1_6 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP Boiler 3 circulation pump Pipelines PIW_1 PIW_1_6 N/A N/A N/A 

Osimo CHP Boiler 3 circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_6 N/A N/A N/A 

Osimo CHP Boiler 3 circulation pump Electric motor ECM_1 ECM_1_6 N/A N/A N/A 

Osimo CHP 
Main circulation pump 1 
(district heat network) 

Water Pump - Impeller WPI_6 WPI_6_1 SIHI IDROMECCANICA RBS150/50 1990 

Osimo CHP 
Main circulation pump 1 
(district heat network) 

Pipelines PIW_1 PIW_1_7 N/A N/A N/A 

Osimo CHP 
Main circulation pump 1 
(district heat network) 

Electric motor control 
panel 

EMCP_1 EMCP_1_7 N/A N/A N/A 

Osimo CHP 
Main circulation pump 1 
(district heat network) 

Electric motor EMCP_1 EMCP_1_7 N/A N/A N/A 

Osimo CHP 
Main circulation pump 2 
(district heat network) 

Water Pump - Impeller WPI_6 WPI_6_2 SIHI IDROMECCANICA RBS150/50 1990 

Osimo CHP 
Main circulation pump 2 
(district heat network) 

Pipelines PIW_1 PIW_1_8 N/A N/A N/A 

Osimo CHP 
Main circulation pump 2 
(district heat network) 

Electric motor control 
panel 

EMCP_1 EMCP_1_8 N/A N/A N/A 

Osimo CHP 
Main circulation pump 2 
(district heat network) 

Electric motor ECM_1 ECM_1_8 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP 
Main circulation pump 3 
(district heat network) 

Water Pump - Impeller WPI_6 WPI_6_3 SIHI IDROMECCANICA RBS150/50 1990 

Osimo CHP 
Main circulation pump 3 
(district heat network) 

Pipelines PIW_1 PIW_1_9 N/A N/A N/A 

Osimo CHP 
Main circulation pump 3 
(district heat network) 

Electric motor control 
panel 

EMCP_1 EMCP_1_9 N/A N/A N/A 

Osimo CHP 
Main circulation pump 3 
(district heat network) 

Electric motor ECM_1 ECM_1_9 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 1 
Water Pump - Impeller WPI_7 WPI_7_1 SIHI IDROMECCANICA RBS100/40 1990 

Osimo CHP 
Pumping Station - circulation 

pump 1 
Pipelines PIW_1 PIW_1_10 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 1 
Electric motor control 

panel 
EMCP_1 EMCP_1_10 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 1 
Electric motor ECM_1 ECM_1_10 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 2 
Water Pump - Impeller WPI_7 WPI_7_2 SIHI IDROMECCANICA RBS100/40 1990 

Osimo CHP 
Pumping Station - circulation 

pump 2 
Pipelines PIW_1 PIW_1_11 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 2 
Electric motor control 

panel 
EMCP_1 EMCP_1_11 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP 
Pumping Station - circulation 

pump 2 
Electric motor ECM_1 ECM_1_11 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 3 
Water Pump - Impeller WPI_8 WPI_8_1 SIHI IDROMECCANICA RBS40/16 1990 

Osimo CHP 
Pumping Station - circulation 

pump 3 
Pipelines PIW_1 PIW_1_12 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 3 
Electric motor control 

panel 
EMCP_1 EMCP_1_12 N/A N/A N/A 

Osimo CHP 
Pumping Station - circulation 

pump 3 
Electric motor ECM_1 ECM_1_12 N/A N/A N/A 

Osimo CHP 
Pumping Station - plate heat 

exchanger 1 
Plate heat exchanger PHE_4 PHE_4_1 ALFALAVAL M15BFG 2018 

Osimo CHP 
Pumping Station - plate heat 

exchanger 2 
Plate heat exchanger PHE_4 PHE_4_2 ALFALAVAL M15BFG 2019 

Osimo CHP flow & return pipework, valves Pipelines PIW_1 PIW_1_13 N/A N/A 1990 

Osimo CHP flow & return pipework, valves Control Valves CV_7 CV_7_1 N/A N/A 1990 

Osimo CHP Electrical Distribution HV Transformer TX_1 TX_1_1 TESAR TRP-006-1600-0020-00 2016 

Osimo CHP Electrical Distribution HV Switchboard HVSWB_1 HVSWB_1_1 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo CHP Electrical Distribution LV Switchboard LVSWB_1 LVSWB_1_1 N/A N/A N/A 

Osimo CHP Electrical Distribution HV Cables HVCAB_1 HVCAB_1_1 N/A N/A N/A 

Osimo CHP Electrical Distribution LV Cables LVCAB_1 LVCAB_1_1 N/A N/A N/A 

Osimo CHP PV Plant Photo Voltaic Modules PV_1 PV_1_1 AXITEC MONO 290 Wp 2016 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 FRONIUS SYMO 15 2016 

Osimo CHP PV Plant DC Cables DCC_1 DCC_1_1 BALDASSARI CAVI FG21M21 2016 

Osimo CHP PV Plant LV Cables LVCAB_2 LVCAB_2_1 BALDASSARI CAVI FG7OR 2016 

Osimo CHP PV Plant DC Control Panel DCCP_1 DCCP_1_1 N/A N/A 2016 

Osimo CHP PV Plant AC Control panels ACCP_1 ACCP_1_2 N/A N/A 2016 

Osimo Padiglione Water 
Pumping Station 

Electrical Distribution HV Transformer TX_2 TX_2_1 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Electrical Distribution HV Switchboard HVSWB_1 HVSWB_1_2 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo Padiglione Water 
Pumping Station 

Electrical Distribution HV Cables HVCAB_1 HVCAB_1_2 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Electrical Distribution LV Switchboard LVSWB_1 LVSWB_1_2 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Electrical Distribution LV Cables LVCAB_1 LVCAB_1_2 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

PV Plant 15 kW Photo Voltaic Modules PV_1 PV_1_2 AXITEC MONO 290 Wp 2016 

Osimo Padiglione Water 
Pumping Station 

PV Plant 15 kW Inverter INV_1 INV_1_2 FRONIUS SYMO 15 2016 

Osimo Padiglione Water 
Pumping Station 

PV Plant 15 kW DC Cables DCC_1 DCC_1_2 BALDASSARI CAVI FG21M21 2016 

Osimo Padiglione Water 
Pumping Station 

PV Plant 15 kW LV Cables LVCAB_3 LVCAB_3_1 BALDASSARI CAVI FG21M22 2016 

Osimo Padiglione Water 
Pumping Station 

PV Plant 15 kW AC/DC Control Panel DCCP_1 DCCP_1_2 N/A N/A 2016 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h 

Water Pump - Impeller WPI_9 WPI_9_1 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h 

Control Valves CV_1 CV_1_7 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h 

Pipelines PIW_1 PIW_1_14 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h 

Electric motor control 
panel 

EMCP_1 EMCP_1_13 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (1 of 2) 
 Flow rate of 38.58 m3/h 

Electric motor ECM_1 ECM_1_13 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h 

Water Pump - Impeller WPI_9 WPI_9_2 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h 

Control Valves CV_1 CV_1_8 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h 

Pipelines PIW_1 PIW_1_15 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h 

Electric motor control 
panel 

EMCP_1 EMCP_1_14 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 1 - 15 kW (2 of 2) 
 Flow rate of 38.58 m3/h 

Electric motor ECM_1 ECM_1_14 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h 

Water Pump - Impeller WPI_10 WPI_10_1 GRUNDFOSS MS6000 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h 

Control Valves CV_2 CV_2_1 GRUNDFOSS MS6000 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h 

Pipelines PIW_2 PIW_2_1 GRUNDFOSS MS6000 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h 

Electric motor control 
panel 

EMCP_2 EMCP_2_1 GRUNDFOSS MS6000 N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (1 of 2) 
 flow rate of 22.24 m3/h 

Electric motor ECM_2 ECM_2_1 GRUNDFOSS MS6000 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h 

Water Pump - Impeller WPI_11 WPI_11_1 GRUNDFOSS MS6T30 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h 

Control Valves CV_3 CV_3_1 GRUNDFOSS MS6T30 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h 

Pipelines PIW_3 PIW_3_1 GRUNDFOSS MS6T30 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h 

Electric motor control 
panel 

EMCP_3 EMCP_3_1 GRUNDFOSS MS6T30 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 2 - 18.5 kW (2 of 2) 
 flow rate of 22.24 m3/h 

Electric motor ECM_3 ECM_3_1 GRUNDFOSS MS6T30 N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h 

Water Pump - Impeller WPI_9 WPI_9_3 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h 

Control Valves CV_1 CV_1_9 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h 

Pipelines PIW_1 PIW_1_16 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h 

Electric motor control 
panel 

EMCP_1 EMCP_1_15 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (1 of 2) 
 flow rate of 8.8 m3/h 

Electric motor ECM_1 ECM_1_15 N/A N/A N/A 
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Site System Asset Cluster RINA-C Comp Ref Manufacturer Specification/Model Year of manufacture 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h 

Water Pump - Impeller WPI_9 WPI_9_4 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h 

Control Valves CV_1 CV_1_10 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h 

Pipelines PIW_1 PIW_1_17 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h 

Electric motor control 
panel 

EMCP_1 EMCP_1_16 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 3 - 11 kW (2 of 2) 
 flow rate of 8.8 m3/h 

Electric motor ECM_1 ECM_1_16 N/A N/A N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 4 - 160 kW (1nos) 
200kW(1nos) - back up 

 flow rate of 121.5 m3/h 
Water Pump - Impeller WPI_12 WPI_12_1 KSB DS355MK2 (160 Kw) N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 4 - 160 kW (1nos) 
200kW(1nos) - back up 

 flow rate of 121.5 m3/h 
Control Valves CV_4 CV_4_1 KSB DS355MK2 (160 Kw) N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 4 - 160 kW (1nos) 
200kW(1nos) - back up 

 flow rate of 121.5 m3/h 
Pipelines PIW_4 PIW_4_1 KSB DS355MK2 (160 Kw) N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 4 - 160 kW (1nos) 
200kW(1nos) - back up 

 flow rate of 121.5 m3/h 

Electric motor control 
panel 

EMCP_4 EMCP_4_1 KSB DS355MK2 (160 Kw) N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 4 - 160 kW (1nos) 
200kW(1nos) - back up 

 flow rate of 121.5 m3/h 
Electric motor ECM_4 ECM_4_1 KSB DS355MK2 (160 Kw) N/A 

Osimo Padiglione Water 
Pumping Station 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h 

Water Pump - Impeller WPI_13 WPI_13_1 CAPRARI MC870-8 2007 
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Osimo Padiglione Water 
Pumping Station 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h 

Control Valves CV_5 CV_5_1 CAPRARI MC870-8 2007 

Osimo Padiglione Water 
Pumping Station 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h 

Pipelines PIW_5 PIW_5_1 CAPRARI MC870-8 2007 

Osimo Padiglione Water 
Pumping Station 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h 

Electric motor control 
panel 

EMCP_5 EMCP_5_1 CAPRARI MC870-8 2007 

Osimo Padiglione Water 
Pumping Station 

Pump 5 - 51 kW (1nos) 
 flow rate of 19.87 m3/h 

Electric motor ECM_5 ECM_5_1 CAPRARI MC870-8 2007 

Osimo Campocavallo Water 
Pumping Station 

Electrical Distribution HV Transformer TX_2 TX_2_2 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Electrical Distribution HV Switchboard HVSWB_1 HVSWB_1_3 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Electrical Distribution HV Cables HVCAB_1 HVCAB_1_3 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Electrical Distribution LV Switchboard LVSWB_1 LVSWB_1_3 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Electrical Distribution LV Cables LVCAB_1 LVCAB_1_3 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

PV Plant 15.08 kW Photo Voltaic Modules PV_1 PV_1_3 AXITEC MONO 290 Wp 2016 

Osimo Campocavallo Water 
Pumping Station 

PV Plant 15.08 kW Inverter INV_1 INV_1_3 FRONIUS SYMO 15 2016 
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Osimo Campocavallo Water 
Pumping Station 

PV Plant 15.08 kW DC Cables DCC_1 DCC_1_3 BALDASSARI CAVI FG21M21 2016 

Osimo Campocavallo Water 
Pumping Station 

PV Plant 15.08 kW LV Cables LVCAB_2 LVCAB_2_2 BALDASSARI CAVI FG7OR 2016 

Osimo Campocavallo Water 
Pumping Station 

PV Plant 15.08 kW AC/DC Control Panel DCCP_1 DCCP_1_3 N/A N/A 2016 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h 

Water Pump - Impeller WPI_14 WPI_14_1 ERCOLE MARELLI PGM 125 BK/7 2001 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h 

Control Valves CV_6 CV_6_1 ERCOLE MARELLI PGM 125 BK/7 2001 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h 

Pipelines PIW_6 PIW_6_1 ERCOLE MARELLI PGM 125 BK/7 2001 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h 

Electric motor control 
panel 

EMCP_6 EMCP_6_1 ERCOLE MARELLI PGM 125 BK/7 2001 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (1 of 3) 
 Flow rate of 162 m3/h 

Electric motor ECM_6 ECM_6_1 ERCOLE MARELLI PGM 125 BK/7 2001 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h 

Water Pump - Impeller WPI_14 WPI_14_2 ERCOLE MARELLI PGM 125 BK/8 2002 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h 

Control Valves CV_6 CV_6_2 ERCOLE MARELLI PGM 125 BK/8 2002 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h 

Pipelines PIW_6 PIW_6_2 ERCOLE MARELLI PGM 125 BK/8 2002 
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Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h 

Electric motor control 
panel 

EMCP_6 EMCP_6_2 ERCOLE MARELLI PGM 125 BK/8 2002 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (2 of 3) 
 Flow rate of 162 m3/h 

Electric motor ECM_6 ECM_6_2 ERCOLE MARELLI PGM 125 BK/8 2002 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h 

Water Pump - Impeller WPI_14 WPI_14_3 ERCOLE MARELLI PGM 125 BK/9 2003 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h 

Control Valves CV_7 CV_7_3 ERCOLE MARELLI PGM 125 BK/9 2003 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h 

Pipelines PIW_6 PIW_6_3 ERCOLE MARELLI PGM 125 BK/9 2003 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h 

Electric motor control 
panel 

EMCP_6 EMCP_6_3 ERCOLE MARELLI PGM 125 BK/9 2003 

Osimo Campocavallo Water 
Pumping Station 

Pump 1 - 200 kW (3 of 3) 
 Flow rate of 162 m3/h 

Electric motor ECM_6 ECM_6_3 ERCOLE MARELLI PGM 125 BK/9 2003 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

Water Pump - Impeller WPI_9 WPI_9_5 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

Control Valves CV_1 CV_1_11 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

Pipelines PIW_1 PIW_1_18 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

Electric motor control 
panel 

EMCP_1 EMCP_1_17 N/A N/A N/A 
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Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (1 of 2) 
 Not in service now 

Electric motor ECM_1 ECM_1_17 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

Water Pump - Impeller WPI_9 WPI_9_6 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

Control Valves CV_1 CV_1_12 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

Pipelines PIW_1 PIW_1_19 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

Electric motor control 
panel 

EMCP_1 EMCP_1_18 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

Pump 2 - 15 kW (2 of 2) 
 Not in service now 

Electric motor ECM_1 ECM_1_18 N/A N/A N/A 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

Battery racks BB_1 BB_1_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

Inverter INV_2 INV_2_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

DC bus system and DC 
protection 

DCB_1 DCB_1_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

SBMS (internal battery 
management system) 

SBMS_1 SBMS_1_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

Engine management 
system 

EMS_2 EMS_2_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 
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Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

HVAC HVAC_1 HVAC_1_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS 16,8 kWh [next 
installation] 

Fire detection and 
suppression system 

FDSS_1 FDSS_1_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Campocavallo Water 
Pumping Station 

BESS connectivity Communication devices CD_2 CD_2_1 EATON 
BATTERY V1 XSTORAGE HOME 6 

kWh 
2020 

Osimo Astea Headquarters Electric Boilers -1500 W(1 of 4) Electric Boiler EB_1 EB_1_1 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 1 circulation pump Water Pump - Impeller WPI_15 WPI_15_1 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 1 circulation pump Pipelines PIW_7 PIW_7_1 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 1 circulation pump 
Electric motor control 

panel 
EMCP_6 EMCP_6_1 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 1 circulation pump Electric motor ECM_7 ECM_7_1 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Electric Boilers -1500 W(2 of 4) Electric Boiler EB_1 EB_1_2 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Water Pump - Impeller WPI_15 WPI_15_2 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Pipelines PIW_7 PIW_7_2 ARISTON TI PLUS 30 R/5 N/A 
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Osimo Astea Headquarters Boiler 2 circulation pump 
Electric motor control 

panel 
EMCP_6 EMCP_6_2 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Electric motor ECM_7 ECM_7_2 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Electric Boilers -1500 W(3 of 4) Electric Boiler EB_1 EB_1_3 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 3 circulation pump Water Pump - Impeller WPI_15 WPI_15_3 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 3 circulation pump Pipelines PIW_7 PIW_7_3 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 3 circulation pump 
Electric motor control 

panel 
EMCP_6 EMCP_6_3 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 3 circulation pump Electric motor ECM_7 ECM_7_3 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Electric Boilers -1500 W(4 of 4) Electric Boiler EB_1 EB_1_4 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 4 circulation pump Water Pump - Impeller WPI_15 WPI_15_4 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 4 circulation pump Pipelines PIW_7 PIW_7_4 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters Boiler 4 circulation pump 
Electric motor control 

panel 
EMCP_6 EMCP_6_4 ARISTON TI PLUS 30 R/5 N/A 
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Osimo Astea Headquarters Boiler 4 circulation pump Electric motor ECM_7 ECM_7_4 ARISTON TI PLUS 30 R/5 N/A 

Osimo Astea Headquarters PV Plant 31.4 kW Photo Voltaic Modules PV_2 PV_2_1 SUN POWER SPR-E20-327 2018 

Osimo Astea Headquarters PV Plant 31.4 kW Inverter INV_3 INV_3_1 FRONYUS SYMO 12.5 2018 

Osimo Astea Headquarters PV Plant 31.4 kW Inverter INV_3 INV_3_2 FRONYUS SYMO 12.6 2018 

Osimo Astea Headquarters PV Plant 31.4 kW DC Cables DCC_2 DCC_2_1 N/A N/A 2018 

Osimo Astea Headquarters PV Plant 31.4 kW LV Cables LVCAB_1 LVCAB_1_4 N/A N/A 2018 

Osimo Astea Headquarters PV Plant 31.4 kW DC Control Panel DCCP_1 DCCP_1_4 N/A N/A 2018 

Osimo Astea Headquarters PV Plant 31.4 kW AC Control panels ACCP_1 ACCP_1_5 N/A N/A 2018 

Osimo Astea Headquarters 
Gas Boilers 1 -580 kWth  

 (One as back up) 
Gas boiler GB_3 GB_3_1 SEVESO STQ 500 N 1994 

Osimo Astea Headquarters Boiler 1 circulation pump Water Pump - Impeller WPI_9 WPI_9_7 N/A N/A N/A 

Osimo Astea Headquarters Boiler 1 circulation pump Control Valves CV_1 CV_1_13 N/A N/A N/A 
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Osimo Astea Headquarters Boiler 1 circulation pump Pipelines PIW_1 PIW_1_20 N/A N/A N/A 

Osimo Astea Headquarters Boiler 1 circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_19 N/A N/A N/A 

Osimo Astea Headquarters Boiler 1 circulation pump Electric motor ECM_1 ECM_1_19 N/A N/A N/A 

Osimo Astea Headquarters 
Gas Boilers  2-580 kWth  

 (One as back up) 
Gas boiler GB_4 GB_4_1 N/A N/A 1994 

Osimo Astea Headquarters Boiler 2 circulation pump Water Pump - Impeller WPI_9 WPI_9_8 N/A N/A N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Control Valves CV_1 CV_1_14 N/A N/A N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Pipelines PIW_1 PIW_1_21 N/A N/A N/A 

Osimo Astea Headquarters Boiler 2 circulation pump 
Electric motor control 

panel 
EMCP_1 EMCP_1_20 N/A N/A N/A 

Osimo Astea Headquarters Boiler 2 circulation pump Electric motor ECM_1 ECM_1_20 N/A N/A N/A 

Osimo Astea Headquarters Air Handling Unit Heating coil HC_1 HC_1_1 N/A N/A N/A 

Osimo Astea Headquarters Air Handling Unit Cooling coil CC_1 CC_1_1 N/A N/A N/A 
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Osimo Astea Headquarters Air Handling Unit Supply fans SUPF_1 SUPF_1_1 N/A N/A N/A 

Osimo Astea Headquarters Refrigeration Unit Compressor Comp_1 Comp_1_1 CARRIER 30HW-101--0016-BEE (102,8kW) 1996 

Osimo Astea Headquarters Refrigeration Unit Expansion Valves EV_1 EV_1_1 CARRIER 30HW-101--0016-BEE (102,8kW) 1996 

Osimo Astea Headquarters Central control system Control unit CCU_1 CCU_1_1 CONTROLLI N/A N/A 

Osimo Astea Headquarters Central control system HMI HMI_1 HMI_1_1 CONTROLLI N/A N/A 

Osimo Astea Headquarters Central control system Communication devices CD_1 CD_1_1 CONTROLLI N/A N/A 

Osimo Astea Headquarters Air conditioner Compressor Comp_2 Comp_2_1 Panasonic U-8LE1E8   (R410A) 2016 

Osimo Astea Headquarters Air conditioner Expansion Valves EV_2 EV_2_1 Panasonic U-8LE1E8   (R410A) 2016 

Osimo Astea Headquarters 

GlenDimplex 
 Space Heating (2) 

Thermal storage space heaters 
Storage Capacity 15540 Wh 

Electrical heating 
element 

GDEE_1 GDEE_1_1 GlenDimplex QM100 2020 

Osimo Astea Headquarters 

GlenDimplex 
 Space Heating (2) 

Thermal storage space heaters 
Storage Capacity 15540 Wh 

Thermostat THST_1 THST_1_1 GlenDimplex QM100 2020 

Osimo Astea Headquarters 

GlenDimplex 
 Space Heating (2) 

Thermal storage space heaters 
Storage Capacity 15540 Wh 

Charge controller & 
transceiver 

CHC_1 CHC_1_1 GlenDimplex QM100 2020 
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Osimo Astea Headquarters 

GlenDimplex 
 Space Heating (2) 

Thermal storage space heaters 
Storage Capacity 15540 Wh 

Dimplex hub DH_1 DH_1_1 GlenDimplex QM100 2020 

Osimo Astea Headquarters 

GlenDimplex 
 Space Heating (2) 

Thermal storage space heaters 
Storage Capacity 15540 Wh 

Heat supply fan HSF_1 HSF_1_1 GlenDimplex QM100 2020 

Osimo Astea Headquarters 

GlenDimplex 
Hot water cylinders 

Storage Capacity 150 l  
Maximum Capacity 9512 kWh 

Electrical heating 
element 

GDEE_2 GDEE_2_1 GlenDimplex QWCd150-580 IoT 2020 

Osimo Astea Headquarters 

GlenDimplex 
Hot water cylinders 

Storage Capacity 150 l  
Maximum Capacity 9512 kWh 

Thermostat THST_2 THST_2_1 GlenDimplex QWCd150-580 IoT 2020 

Osimo Astea Headquarters 

GlenDimplex 
Hot water cylinders 

Storage Capacity 150 l  
Maximum Capacity 9512 kWh 

Charge controller & 
transceiver 

CHC_2 CHC_2_1 GlenDimplex QWCd150-580 IoT 2020 

Osimo Astea Headquarters 

GlenDimplex 
Hot water cylinders 

Storage Capacity 150 l  
Maximum Capacity 9512 kWh 

Dimplex hub DH_1 DH_1_2 GlenDimplex QWCd150-580 IoT 2020 

Osimo Astea Headquarters Pump 1 - (1nos)  Water Pump - Impeller WPI_9 WPI_9_9 N/A N/A N/A 

Osimo Astea Headquarters Pump 1 - (1nos)  Control Valves CV_1 CV_1_15 N/A N/A N/A 

Osimo Astea Headquarters Pump 1 - (1nos)  Pipelines PIW_1 PIW_1_22 N/A N/A N/A 

Osimo Astea Headquarters Pump 1 - (1nos)  
Electric motor control 

panel 
EMCP_1 EMCP_1_21 N/A N/A N/A 

Osimo Astea Headquarters Pump 1 - (1nos)  Electric motor ECM_1 ECM_1_21 N/A N/A N/A 
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Osimo Astea Headquarters 
AC EV  Charger (25 kW electric 

power) [next installation] 
EV Charger box EVCB_1 EVCB_1_1 SCAME 204.CA42B-001ME 2020 

Osimo Astea Headquarters 
AC EV  Charger (25 kW electric 

power) [next installation] 
Connector (includes 

V2G function) 
CONS_1 CONS_1_1 SCAME 204.CA42B-001ME 2020 

Osimo Astea Headquarters 
DC EV Charger (25 kW electric 

power) [next installation] 
EV Charger box EVCB_2 EVCB_2_1 SCAME MAXM 2020 

Osimo Astea Headquarters 
DC EV Charger (25 kW electric 

power) [next installation] 
Connector (includes V2B 

function) 
CONS_2 CONS_2_1 SCAME MAXM 2020 

 

8.3 Appendix C - Stage 2, Oud-Heverlee FMECA 

 

         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Battery 
Energy 
Storage 
System 

Battery racks 

BB_1 BB_1_1 
Energy storage component. 

Maximum/Minimum SoC 
should be maintained. 

Cell thermal runaway 
(exothermic chemical 

reaction) 
T 

Excessive temperature 
built up can lead to fire 
and complete damage 
to the equipment and 
can potentially pose a 

safety hazard to 
personnel. 

Battery cell/rack 
temperature monitoring.  
Disconnection of BESS as 

soon as temperature 
exceeds a safety threshold. 

4 3 2 3 4 4 

Battery 
Energy 
Storage 
System 

Battery racks 

Loss of capacity and 
increased internal 
impedance due to 

aging/failure of cells 

P 
Reduced storage 

capacity. 
Affected Cell replacement. 1 1 1 1 1 1 

Battery 
Energy 
Storage 
System 

Inverter INV_1 
INV_1_1, 
INV_1_2, 
INV_1_3 

Main function: Conversion of 
energy from AC to DC 

(charging) and DC to AC 
(discharging). Additional 

functions include reactive 
current injection for voltage 

IGBT failure P 

Depending on the 
design margins built, 

failure of a single IGBT 
module could lead to 

system shutdown. May 
require several days to 

IGBT module replacement 1 1 1 1 2 2 
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System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

control.  
 

The inverter current should 
not exceed its rated current 

at any time. 

rectify/replace the 
module. 

Battery 
Energy 
Storage 
System 

Inverter 

If this is a master 
inverter - Module 

level control system 
motherboard (/or 
software) failure 

T 

Even if a single IGBT 
module control fails it 
can potentially lead to 
the complete system 

shutdown and may take 
several days to fix. 

IGBT module replacement 4 1 1 1 3 4 

Battery 
Energy 
Storage 
System 

Inverter 

If this is a master 
inverter - Main control 
system motherboard 
(/or software) failure 

P 

If the main control 
board fails, some 

limited functionality 
may be possible (like 
pushing it into safe 

mode) but depends on 
the actual failure. 

Main control system 
motherboard replacement 

4 1 1 1 3 4 

Battery 
Energy 
Storage 
System 

Inverter 

Internal cooling 
system failure (not 

HVAC which is 
external) - heat sink 

P 

Failure of components 
such as heatsinks, or 

internal water-cooling 
pipes can lead to 

excessive temperature 
and complete system 
shutdown. Can also 

pose a safety hazard. 

IGBT module replacement 4 1 1 1 3 4 

Battery 
Energy 
Storage 
System 

Inverter 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

T 

If the grid voltage 
deviates beyond 

allowed range (due to 
faults on the grid) the 
BESS inverter will get 

disconnected from the 
grid. 

Relay will have to be 
closed when the voltage 

returns within range 
1 1 1 1 2 2 

Battery 
Energy 
Storage 
System 

DC bus system 
and DC 

protection 
DCS_1 DCS_1 

Holding DC voltage, DC fuse 
protection etc. Protection 
from short circuits on DC 

system (cables connecting 
battery racks) 

Fuse failure 
(inadequate design). 

P 

This depends a lot on 
the battery pack string 
design. If fuse is string 

specific, failure of a 
single fuse would lead 
to the disconnection of 

that string of battery 
packs. 

Part replacement 1 1 1 1 2 2 



 

73 
 

         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Battery 
Energy 
Storage 
System 

DC bus system 
and DC 

protection 

DC capacitor failure 
(inadequate design) 

P 

Depends on the DC 
system design. If the 
system is built with 

multiple inverters with 
their own DC system, 

then failure of one 
inverter DC side 

capacitor should lead to 
the disconnection of all 
the strings connected to 

that inverter module 
only. 

Part replacement 1 1 1 1 2 2 

Battery 
Energy 
Storage 
System 

SBMS (system 
level battery 
management 

system) 

SBMS_1 SBMS_1_1 

It allows to set battery 
parameters such as limit 

voltages and temperatures, 
allowable charge and 

discharge rates or improve 
SoC estimation. 

 
Two-way communication 

with several internal system 
components and with 

system demand controller 
(EMS) to control the state of 

the entire battery. 
 

It can switch the electrical 
contractor on DC side, run 

the water cooling 
system pump, read the 
voltage sensor, read the 

current sensor etc. 

Main failure mode 
would be the loss of 
comms to internal 

components and/or 
EMS. This could be 

due to hardware (PCB) 
failure or software 

failure. 

T 

Failure of internal 
comms to SBMS should 

mostly lead to 
shutdown of the system 

but could potentially 
lead to complete 

damage if the 
temperature is not kept 

within limits. 

Fault finding and then 
replacement of system 

component which failed 
4 1 1 1 3 4 
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         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Battery 
Energy 
Storage 
System 

EMS (high level 
control) 

EMS_1 EMS_1_1 

Muse Grids control interface 
for BESS.  

 
The commands from Muse 
Grids cloud will be sent to 

EMS, which will then 
communicate with the SBMS 
and inverter master control. 

Similarly, the status and 
measurement info from BESS 
will be communicated back to 

cloud via EMS. 
 

It can receive the AC current 
and voltage measurements 

from the local sensors 
(CTs/VTs if available) at the 

grid connection point. 
  

It can switch the 
disconnector on AC side in 

emergencies. 

Main failure mode 
would be the loss of 

comms to Muse Grids 
cloud. This could be 

due to hardware (PCB) 
failure or software 

failure. 

P 

Failure of comms to 
Muse Grids cloud 

and/or SBMS cloud lead 
to suboptimal 

functioning of BESS. 

Fault finding and then 
replacement of system 

component which failed 
1 1 1 1 2 2 

Battery 
Energy 
Storage 
System 

HVAC HVAC_1 HVAC_1 

To maintain temperature and 
humidity inside BESS 

container within prescribed 
limits 

HVAC system 
malfunction 

T 

System doesn't operate 
safely through normally 

expected operating 
temperature range. 

Could potentially lead 
to a complete damage 

to BESS. 

BESS temperature 
monitoring.  

Disconnection of BESS as 
soon as temperature 

exceeds a safety threshold 
followed by its service 

2 1 1 1 2 2 

Battery 
Energy 
Storage 
System 

Fire detection 
and 

suppression 
system 

FDS_1 FDS_1_1 
Fire detection and 

suppression 

Fire detection system 
malfunction. 

T 
Equipment damage, fire 

hazard to personnel 

BESS temperature 
monitoring.  

Disconnection of BESS as 
soon as temperature 

exceeds a safety threshold 
followed by its service 

4 3 2 3 4 4 

Battery 
Energy 
Storage 
System 

Fire detection 
and 

suppression 
system 

Fire control system 
malfunction. 

T 
Equipment damage, fire 

hazard to personnel 

BESS temperature 
monitoring.  

Disconnection of BESS as 
soon as temperature 

exceeds a safety threshold 
followed by its service 

4 3 2 3 4 4 

Battery 
Energy 
Storage 
System 

MyPi Industrial 
IoT Edge 

Gateway - 
microcontroller 

MPI_1 MPI_1_1 
Communication gateway to 

Muse Grids cloud 
Malfunction of the 

board 
P 

Failure of comms to 
Muse Grids cloud 

and/or SBMS cloud lead 

Replacement of the 
microcontroller board 

1 1 1 1 2 2 
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         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

to suboptimal 
functioning of BESS. 

Electric 
Vehicle 
Charger 

EV Charger box 

EVC_1 
EVC_1_1, 
EVC_1_2, 
EVC_1_3, 

Converts mains power (AC) to 
battery compatible power 

(DC).  
 

Vehicle to grid (DC to AC) 
 

Also includes fuse protection, 
comms interface. 

Converter failure T 

Complete unavailability 
of the charger. 

From Muse Grids 
control perspective: 
loss of EV demand 

response. Loss of V2G. 

Service/Replacement of 
the entire charger 

2 4 1 1 4 4 

Electric 
Vehicle 
Charger 

EV Charger box Protection fuse failure T 

Complete unavailability 
of the charger. 

From Muse Grids 
control perspective: 
loss of EV demand 

response. Loss of V2G. 

Service/Replacement of 
the entire charger 

1 3 1 1 2 3 

Electric 
Vehicle 
Charger 

CHAdeMO 
connector 

(includes V2G 
function) 

MOC_1 MOC_1_1 
Cable from charger box to 

the EV battery. 

Cable damage T 

Complete unavailability 
of the charger. 

From Muse Grids 
control perspective: 
loss of EV demand 

response. Loss of V2G. 

Replacement of the 
CHAdeMO connector 

1 3 1 1 2 3 

Electric 
Vehicle 
Charger 

CHAdeMO 
connector 

(includes V2G 
function) 

MCCB failure T 

Complete unavailability 
of the charger. 

From Muse Grids 
control perspective: 
loss of EV demand 

response. Loss of V2G. 

Replacement of MCCB 1 3 1 1 2 3 

Glen 
Dimplex 
Water 

Cylinders 

Electrical 
element 

EE_1 
EE_1_1, 
EE_1_2, 
EE_1_3 

A heating element converts 
electrical energy into heat. 

Malfunction T 
No heat will be 

generated by the 
system 

Replace the heating 
element 

2 3 1 1 2 3 

Glen 
Dimplex 
Water 

Cylinders 

Thermostat THS_1 
THS_1_1, 
THS_1_2, 
THS_1_3 

It is a mechanism to 
control how hot the water 

gets in a water heater. 

Thermostat is broken 
or connection 

between thermostat 
and boiler is broken 

T 

Water too hot or too 
cold. 

 
 From MUSE Grids 

control perspective 
failure of boiler 

thermostat leads to 
shutdown of the boiler 
hence corresponding 
DSM functionality will 

be lost 

Service/Replacement of 
thermostat 

2 3 1 1 2 3 
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         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Glen 
Dimplex 
Water 

Cylinders 

Charge 
controller & 
transceiver 

CCT_1 
CCT_1_1, 
CCT_1_2, 
CCT_1_3 

Charge controller enables 
control over energy in the 

cylinder for DSM (interfaced 
with cloud through the 

Dimplex Hub) 

Malfunction P 

Loss of DSM control.  
Will this result in T or P 

failure?  Question to 
Glen Dimplex 

Service/Replacement of 
charge controller 

1 2 1 1 2 2 

Glen 
Dimplex 
Water 

Cylinders 

Dimplex hub DH_1 
DH_1_1, 
DH_1_2, 
DH_1_3 

Dimplex Hub allows the 
product to connect to the 
Dimplex Cloud, which is 
hosted on the Microsoft 

Azure cloud servers. 

Hub microcontroller 
malfunction 

P 

From Muse Grids 
control perspective: 

loss of demand 
response. However, the 

individual systems 
(boiler, storage heater) 
can function with local 
settings. Upon loss of 

comms these 
appliances move to 
standalone mode 

automatically after 
5min if comms not re-

established 

Replacement of the hub 1 2 1 1 2 2 

Glen 
Dimplex 
Water 

Cylinders 

Cylinder 

DWC_1 
DWC_1_1, 
DWC_1_2, 
DWC_1_3 

Retains water and heat 
within the heater unit 

Rupture T The release of the Replace system 3 4 3 1 4 4 

Glen 
Dimplex 
Water 

Cylinders 

Cylinder 
Thermal Insulation 

End of life 
T 

Less efficient heat 
delivery and excess 

heat delivery at night 
Replace system 2 3 1 1 2 3 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Electrical 
element 

EE_2 EE_2_1 
A heating element converts 
electrical energy into heat. 

Malfunction T 
No heat will be 

generated by the 
system 

Replace device 2 3 1 1 2 3 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Thermostat THS_2 THS_2_1 
Digitally controlled electronic 
thermostat that controls the 

room temperature 

Thermostat is broken 
or connection 

between thermostat 
and boiler is broken 

T 

Digitally controlled 
electronic thermostat 
that controls the room 

temperature 

Service/Replacement of 
thermostat 

2 3 1 1 2 3 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Charge 
controller & 
transceiver 

CCT_2 CCT_2_1 

Charge controller enables 
control over energy in the 

storage heater for DSM 
(interfaced with cloud 

through the Dimplex Hub) 

Malfunction 

P (can it run 
on local 

mode if the 
charge 

controller 
fails?) 

Loss of DSM control.  
Will this result in T or P 

failure?  Question to 
Glen Dimplex 

Service/Replacement of 
charge controller 

1 2 1 1 2 2 
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         Consequence (1 to 4) 

System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial or 
Total 

Operational 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Dimplex hub DH_2 DH_2_1 

Dimplex Hub allows the 
product to connect to the 
Dimplex Cloud, which is 
hosted on the Microsoft 

Azure cloud servers. 

Hub microcontroller 
malfunction 

P 

From Muse Grids 
control perspective: 

loss of demand 
response. However, the 

individual systems 
(boiler, storage heater) 
can function with local 
settings. Upon loss of 

comms these 
appliances move to 
standalone mode 

automatically after 
5min if comms not re-

established 

Replacement of the hub 1 2 1 1 2 2 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Heat supply 
fan 

HSF_1 HSF_1_1 
Moves the air around the 
element to allow air to be 

supplied into the room 
Malfunction Total 

The heat generated will 
not be distributed 

effectively 
Replace device 2 3 1 1 2 3 

Glen 
Dimplex 
Storage 
Space 

Heaters 

Thermal 
insulation 

TI_1 TI_1_1 
Retains heat within the 

heater unit 
End of life T 

Less efficient heat 
delivery and excess 

heat delivery at night 

Repair insulation or 
replace system 

2 3 1 1 2 3 

Roof top 
PV of 

multiple 
houses 

PV System PVS_1 
PVS_1_1, 
PVS_1_2, 
PVS_1_3 

PV energy production 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

P 

If roof top PV at 
multiple houses along 

the LV feeder get 
disconnected due to 

low/high grid voltage'. 
This will impact the 
Muse Grids control 

system functionality 
significantly (as this will 
lead to actual PV output 
being very different to 

forecast PV) 

The consequence is based 
on a scenario in which 

something like this 
occurred then the battery 

need to stop discharging or 
a change to a voltage 

based control. 

1 1 1 1 1 1 

PV 
Gateway 

Raspberry Pi 
microcontroller 

board 
RPI_2 RPI_2_1 

Gateway to measure PV 
consumption at one house 

Malfunction of the 
board 

T 

From Muse Grids 
control perspective: 
loss of capability to 

forecast demand 

Replace the 
microcontroller board 

1 2 1 1 2 2 

Demand 
Gateway 

Raspberry Pi 
microcontroller 

board 
RPI_3 

PRPI_3_1, 
RP1_3_2, 

to, 
RPI_3_25 

Gateway to measure demand 
at multiple households in the 

street 

Malfunction of the 
board 

T 

From Muse Grids 
control perspective: 
loss of capability to 

forecast demand 

Replace the 
microcontroller board 

1 2 1 1 2 2 
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8.4 Appendix D - Stage 2, Osimo FMECA 

          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP CHP CHP Engine CHPE_1 CHPE_1_1 

Prime mover, 
providing baseload 

heat supply to district 
heating scheme, and 

simultaneously 
generates electricity 

for export to grid, and 
to offset local 

electricity loads 

Total mechanical 
failure of engine or 

individual key 
component (e.g. 
cooling system 

circulation pump, 
lubrication system 
circulation pump) 

leading to total 
operational failure 

Total 

no heat or 
electricity 

supply from 
CHP plant 

Repair/ replace faulty/ 
failed CHP engine 

components as required 
1 2 2 2 1 2 

Osimo CHP CHP 
Engine 

management 
system 

EMS_1 EMS_1_1 

Provides overall 
management of CHP 

engine operation 
(control & efficiency) 

total failure of 
electronic control unit 

Total 

no heat or 
electricity 

supply from 
CHP plant 

Replace failed ECU as 
required 

1 1 1 1 1 1 

Osimo CHP CHP 
Engine 

management 
system 

EMS_1 EMS_1_1 

Provides overall 
management of CHP 

engine operation 
(control & efficiency) 

failure of individual 
component within 

overall engine 
management system, 

however allowing 
reduced operation in 

'safe mode' 

Partial 

reduced heat 
and electricity 
supply from 
CHP plant 

Repair/ replace faulty/ 
failed engine management 

components as required 
1 1 1 1 1 1 

Osimo CHP CHP Governor GOV_1 GOV_1_1 

Controls gas supply to 
engine, modulates 
heat and electricity 

output from CHP plant 

total failure of 
governor 

Total 

no heat or 
electricity 

supply from 
CHP plant 

Replace failed governor 
components as required 

1 2 2 2 1 2 

Osimo CHP CHP Governor GOV_1 GOV_1_1 

Controls gas supply to 
engine, modulates 
heat and electricity 

output from CHP plant 

failure of individual 
component within 
overall governor 
system, however 
allowing reduced 
operation in 'safe 

mode' 

Partial 

reduced heat 
and electricity 
supply from 
CHP plant 

Repair/ replace failed 
governor component as 

required 
1 2 2 2 1 2 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 

Controls ignition of 
gas/air mixture in 

engine combustion 
chambers 

spark plug failure Total 

no heat or 
electricity 

supply from 
CHP plant 

Replace failed spark plug 
as required 

1 1 1 1 1 1 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 
Controls ignition of 
gas/air mixture in 

ignition coil failure Total 
no heat or 
electricity 

Replace failed ignition coil 
as required 

1 2 2 2 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

engine combustion 
chambers 

supply from 
CHP plant 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 

Controls ignition of 
gas/air mixture in 

engine combustion 
chambers 

ignition cable failure Total 

no heat or 
electricity 

supply from 
CHP plant 

Replace failed ignition 
cable as required 

1 2 2 2 1 2 

Osimo CHP CHP Generator GENE_3 GENE_3_1 
Converts mechanical 

power from CHP 
engine into electricity 

total failure of 
generator (e.g. 

bearings, armature, 
casing etc) 

Total 

no heat or 
electricity 

supply from 
CHP plant 

Repair/ replace failed 
generator components as 

required 
1 2 2 2 2 2 

Osimo CHP CHP Generator GENE_3 GENE_3_1 
Converts mechanical 

power from CHP 
engine into electricity 

failure of individual 
component within 
overall generator 
system, however 
allowing reduced 
speed operation 

Partial 

reduced heat 
and electricity 
supply from 
CHP plant 

Repair/ replace failed 
generator components as 

required 
1 2 2 2 2 2 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 

Allows CHP engine to 
dump excess heat 

when heat generation 
exceeds demand from 

heat network 

system circulation 
pump failure 

Total 

shutdown of air 
cooler, leading 
to inability to 
remove heat 

from CHP 
engine circuit 

Repair/ replace failed 
pump or motor 

components as required 
1 1 1 1 1 1 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 

Allows CHP engine to 
dump excess heat 

when heat generation 
exceeds demand from 

heat network 

control system failure Total 

shutdown of air 
cooler, leading 
to inability to 
remove heat 

from CHP 
engine circuit 

Repair/ replace failed 
control components as 

required 
1 1 1 1 1 1 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 

Allows CHP engine to 
dump excess heat 

when heat generation 
exceeds demand from 

heat network 

individual component 
failure, e.g. cooling fan 

motor and other 
mechanical 

components 

Partial 

reduced 
capacity to 

remove heat 
from CHP 

engine circuit 

Repair/ replace failed 
components as required 

1 1 1 1 1 1 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 
Maintains ambient 
conditions required 

for CHP plant 

failure of circulation 
fan 

Total 

inability to 
maintain 
required 
ambient 

conditions, 
leading to 

Repair/ replace failed fan 
or individual components 

as required 
1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

shutdown of 
CHP plant 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 
Maintains ambient 
conditions required 

for CHP plant 

failure of cooling 
system 

Total 

inability to 
maintain 
required 
ambient 

conditions, 
leading to 

shutdown of 
CHP plant 

Repair/ replace failed 
cooling system 

components as required 
1 1 1 1 1 1 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 
Maintains ambient 
conditions required 

for CHP plant 
control system failure Total 

inability to 
maintain 
required 
ambient 

conditions, 
leading to 

shutdown of 
CHP plant 

Repair/ replace failed 
control components as 

required 
1 1 1 1 1 1 

Osimo CHP 

Plate heat 
exchanger 

(engine 
cooling 
circuits) 

Plate heat 
exchanger 

PHE_1 PHE _1_1 

transfers heat from 
engine cooling circuits 
to secondary system 

circuit 

partial blockage in 
heat exchanger 

primary or secondary 
circuits (plates) 

Partial 

reduced fluid 
flowrate 
through 

primary or 
secondary 

circuit, 
reducing heat 

transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify 

1 1 1 1 1 1 

Osimo CHP 

Plate heat 
exchanger 

(engine 
cooling 
circuits) 

Plate heat 
exchanger 

PHE_1 PHE _1_1 

transfers heat from 
engine cooling circuits 
to secondary system 

circuit 

total blockage or other 
failure of heat 

exchanger primary or 
secondary circuits 

(plates) 

Total 

no fluid flow 
through 

primary or 
secondary 

circuit, 
preventing 

heat transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify. Repair/ replace 

any failed components as 
required 

1 1 1 1 1 1 

Osimo CHP 

Heat 
recovery 

boiler 
(engine 
exhaust 
circuit) 

Heat recovery 
boiler 

HRWB_1 HRWB_1_1 
transfers heat from 

CHP engine exhaust to 
heating primary circuit 

Failure of heat 
recovery boiler 

component 
Partial 

reduced heat 
output 

available to 
heat network 

from CHP 
engine exhaust 

Repair/ replace failed 
component as required 

1 2 1 1 2 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Heat 
recovery 

boiler 
(engine 
exhaust 
circuit) 

Heat recovery 
boiler 

HRWB_1 HRWB_1_1 
transfers heat from 

CHP engine exhaust to 
heating primary circuit 

Failure of heat 
recovery boiler 

Total 

no heat output 
available to 

heat network 
from CHP 

engine exhaust 

Repair/ replace failed 
components as required 

1 2 1 1 2 2 

Osimo CHP 
Water to 

water heat 
pump 

Water to water 
heat pump 

WHP_1 WHP_1_1 
Thermal energy 

recovery from the low 
temperature circuit 

Failure of heat pump Total 

no heat 
recovery 

available from 
heat pump 

Repair/ replace failed 
components as required 

2 2 1 3 2 3 

Osimo CHP 
Water to 

water heat 
pump 

Plate heat 
exchanger 

PHE_2 PHE_2_1 

transfers heat from 
engine cooling circuits 
to secondary system 

circuit 

partial blockage in 
heat exchanger 

primary or secondary 
circuits (plates) 

Partial 

reduced fluid 
flowrate 
through 

primary or 
secondary 

circuit, 
reducing heat 

transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify 

1 1 1 1 1 1 

Osimo CHP 
Water to 

water heat 
pump 

Plate heat 
exchanger 

PHE_2 PHE_2_1 

transfers heat from 
engine cooling circuits 
to secondary system 

circuit 

total blockage or other 
failure of heat 

exchanger primary or 
secondary circuits 

(plates) 

Total 

no fluid flow 
through 

primary or 
secondary 

circuit, 
preventing 

heat transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify. Repair/ replace 

any failed components as 
required 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Water Pump - 
Impeller 

WPI_1 WPI_1_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Water Pump - 
Impeller 

WPI_1 WPI_1_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Control Valves CV_1 CV_1_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Control Valves CV_1 CV_1_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Pipelines PIW_1 PIW_1_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk,  make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Pipelines PIW_1 PIW_1_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Electric motor ECM_1 ECM_1_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
THT_1 THT_1_1 

provides short term 
heat storage to heat 

generators 

failure of connections 
/ joints resulting in 

minor fluid leak 
Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
THT_1 THT_1_1 

provides short term 
heat storage to heat 

generators 

failure of connections 
/ joints resulting in 

major fluid leak 
Total 

water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

3 4 2 1 1 4 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
THT_1 THT_1_1 

provides short term 
heat storage to heat 

generators 

failure of tank 
insulation 

Partial 

heat loss from 
thermal 

storage tank, 
increased 
plantroom 

temperatures, 
increased 

repair/ replace faulty/ 
damaged insulation 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

energy 
requirement 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Water Pump - 
Impeller 

WPI_2 WPI_2_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Water Pump - 
Impeller 

WPI_2 WPI_2_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Control Valves CV_1 CV_1_2 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Control Valves CV_1 CV_1_2 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Pipelines PIW_1 PIW_1_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Pipelines PIW_1 PIW_1_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Electric motor ECM_1 ECM_1_2 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Main plate 
heat 

exchanger 
(system 

primary to 
secondary 

circuit) 

Plate heat 
exchanger 

PHE_3 PHE_3_1 

transfers heat from 
primary heating circuit 
to secondary system 

circuit 

partial blockage in 
heat exchanger 

primary or secondary 
circuits (plates) 

Partial 

reduced fluid 
flowrate 
through 

primary or 
secondary 

circuit, 
reducing heat 

transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify 

1 1 1 1 1 1 

Osimo CHP 

Main plate 
heat 

exchanger 
(system 

primary to 
secondary 

circuit) 

Plate heat 
exchanger 

PHE_3 PHE_3_1 

transfers heat from 
primary heating circuit 
to secondary system 

circuit 

total blockage or other 
failure of heat 

exchanger primary or 
secondary circuits 

(plates) 

Total 

no fluid flow 
through 

primary or 
secondary 

circuit, 
preventing 

heat transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify. Repair/ replace 

any failed components as 
required 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Water Pump - 
Impeller 

WPI_3 WPI_3_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Water Pump - 
Impeller 

WPI_3 WPI_3_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 
Main heat 

exchanger to 
gas boilers 

Control Valves CV_1 CV_1_3 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

circulation 
pump 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Control Valves CV_1 CV_1_3 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Pipelines PIW_1 PIW_1_3 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Pipelines PIW_1 PIW_1_3 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_3 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Electric motor ECM_1 ECM_1_3 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 
Gas boiler 1 

4652kW 
Gas boiler GB_1 GB_1_1 

contributes to 
providing peak 

heating loads and full 
heating backup to 

district heat network 

failure of individual 
boiler component 

Total 
no heat output 

from boiler 
Isolate boiler, replace 

faulty component 
1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 
Boiler 1 

circulation 
pump 

Control Valves CV_1 CV_1_4 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Control Valves CV_1 CV_1_4 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Pipelines PIW_1 PIW_1_4 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk,  make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Pipelines PIW_1 PIW_1_4 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_4 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 
Boiler 1 

circulation 
pump 

Electric motor ECM_1 ECM_1_4 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 
Gas boiler 2 
4652kW (1 

for all) 
Gas boiler GB_1 GB_1_2 

contributes to 
providing peak 

heating loads and full 
heating backup to 

district heat network 

failure of individual 
boiler component 

Total 
no heat output 

from boiler 
Isolate boiler, replace 

faulty component 
1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Water Pump - 
Impeller 

WPI_4 WPI_4_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Water Pump - 
Impeller 

WPI_4 WPI_4_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Control Valves CV_1 CV_1_5 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Control Valves CV_1 CV_1_5 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Pipelines PIW_1 PIW_1_5 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Pipelines PIW_1 PIW_1_5 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_5 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 2 
circulation 

pump (1 for 
all) 

Electric motor ECM_1 ECM_1_5 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 
Gas boiler 3 
4500kW (1 

for all) 
Gas boiler GB_2 GB_2_1 

contributes to 
providing peak 

heating loads and full 
heating backup to 

district heat network 

failure of individual 
boiler component 

Total 
no heat output 

from boiler 
Isolate boiler, replace 

faulty component 
1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Water Pump - 
Impeller 

WPI_5 WPI_5_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Water Pump - 
Impeller 

WPI_5 WPI_5_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Control Valves CV_1 CV_1_6 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Control Valves CV_1 CV_1_6 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Pipelines PIW_1 PIW_1_6 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Pipelines PIW_1 PIW_1_6 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_6 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Boiler 
circulation 

pump (1 for 
all) 

Electric motor ECM_1 ECM_1_6 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 
Main 

circulation 
Pipelines PIW_1 PIW_1_7 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

Partial 
water spillage, 
potential H&S 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

pump 1 
(district heat 
network) (1 

for all) 

resulting in minor fluid 
leak 

risk, make up 
water 

requirement 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 
network) (1 

for all) 

Pipelines PIW_1 PIW_1_7 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 
network) (1 

for all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_7 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 
network) (1 

for all) 

Electric motor ECM_1 ECM_1_7 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Pipelines PIW_1 PIW_1_8 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Pipelines PIW_1 PIW_1_8 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_8 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 
network) (1 

for all) 

Electric motor ECM_1 ECM_1_8 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_3 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 
network) (1 

for all) 

Water Pump - 
Impeller 

WPI_6 WPI_6_3 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 
network) (1 

for all) 

Pipelines PIW_1 PIW_1_9 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

Pipelines PIW_1 PIW_1_9 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 
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network) (1 
for all) 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 
network) (1 

for all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_9 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 
network) (1 

for all) 

Electric motor ECM_1 ECM_1_9 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Water Pump - 
Impeller 

WPI_7 WPI_7_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Water Pump - 
Impeller 

WPI_7 WPI_7_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Pipelines PIW_1 PIW_1_10 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Pipelines PIW_1 PIW_1_10 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Electric motor 
control panel 

EMCP_1 EMCP_1_10 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 



 

92 
 

          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 (1 

for all)) 

Electric motor ECM_1 ECM_1_10 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Water Pump - 
Impeller 

WPI_7 WPI_7_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Water Pump - 
Impeller 

WPI_7 WPI_7_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Pipelines PIW_1 PIW_1_11 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Pipelines PIW_1 PIW_1_11 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Electric motor 
control panel 

EMCP_1 EMCP_1_11 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 (1 

for all) 

Electric motor ECM_1 ECM_1_11 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Water Pump - 
Impeller 

WPI_8 WPI_8_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Water Pump - 
Impeller 

WPI_8 WPI_8_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Pipelines PIW_1 PIW_1_12 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Pipelines PIW_1 PIW_1_12 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Electric motor 
control panel 

EMCP_1 EMCP_1_12 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo CHP 

(1 for all) 
Pumping 
Station - 

circulation 
pump 3 

Electric motor ECM_1 ECM_1_12 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 1 

(1 for all) 

Plate heat 
exchanger 

PHE_4 PHE_4_1 

transfers heat from 
primary district 

heating circuit to 
secondary district 

heating circuit 

partial blockage in 
heat exchanger 

primary or secondary 
circuits (plates) 

Partial 

reduced fluid 
flowrate 
through 

primary or 
secondary 

circuit, 
reducing heat 

transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 1 

(1 for all) 

Plate heat 
exchanger 

PHE_4 PHE_4_1 

transfers heat from 
primary district 

heating circuit to 
secondary district 

heating circuit 

total blockage or other 
failure of heat 

exchanger primary or 
secondary circuits 

(plates) 

Total 

no fluid flow 
through 

primary or 
secondary 

circuit, 
preventing 

heat transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify. Repair/ replace 

any failed components as 
required 

1 1 1 1 1 1 
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Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 2 

(1 for all) 

Plate heat 
exchanger 

PHE_4 PHE_4_2 

transfers heat from 
primary district 

heating circuit to 
secondary district 

heating circuit 

partial blockage in 
heat exchanger 

primary or secondary 
circuits (plates) 

Partial 

reduced fluid 
flowrate 
through 

primary or 
secondary 

circuit, 
reducing heat 

transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify 

1 1 1 1 1 1 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 2 

(1 for all) 

Plate heat 
exchanger 

PHE_4 PHE_4_2 

transfers heat from 
primary district 

heating circuit to 
secondary district 

heating circuit 

total blockage or other 
failure of heat 

exchanger primary or 
secondary circuits 

(plates) 

Total 

no fluid flow 
through 

primary or 
secondary 

circuit, 
preventing 

heat transfer 

Isolate heat exchanger, 
remove blockage, identify 

source of blockage and 
rectify. Repair/ replace 

any failed components as 
required 

1 1 1 1 1 1 

Osimo CHP 

flow & 
return 

pipework, 
valves (1 for 

all) 

Pipelines PIW_1 PIW_1_13 
conveys fluid around 

circuits 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

flow & 
return 

pipework, 
valves (1 for 

all) 

Pipelines PIW_1 PIW_1_13 
conveys fluid around 

circuits 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo CHP 

flow & 
return 

pipework, 
valves (1 for 

all) 

Valves CV_7 CV_7_1 
controls fluid flow 

around circuits 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 

flow & 
return 

pipework, 
valves (1 for 

all) 

Valves CV_7 CV_7_1 
controls fluid flow 

around circuits 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 

Altering the voltage of 
a system to match 

level required 

Failure of the active 
element 

Total 
Loss of power 
to the system 

Replace the transformer 3 3 1 1 3 3 
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Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 

Altering the voltage of 
a system to match 

level required 
Failure of the bushings Total 

Loss of power 
to the system 

Replace the bushings 2 2 1 1 2 2 

Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 

Altering the voltage of 
a system to match 

level required 

Failure of the tap 
changer 

Partial 

Unable to 
control output 

secondary 
voltage 

Replace the tap changer 2 2 1 1 2 2 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Distributes and 
controls power as 

required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Distributes and 
controls power as 

required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

3 2 1 1 3 2 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Distributes and 
controls power as 

required 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace circuit breaker 3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Distributes and 
controls power as 

required 
Busbar failure Total 

Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

2 1 1 1 2 2 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

2 1 1 1 2 2 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Distributes power 

Global insulation 
deterioration 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 3 1 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Distributes and 
controls power as 

required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

3 3 1 1 3 3 
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Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Distributes and 
controls power as 

required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Distributes and 
controls power as 

required 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace circuit breaker 3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Distributes and 
controls power as 

required 
Busbar failure Total 

Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

3 3 1 1 3 3 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

1 1 1 1 1 1 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

1 1 1 1 1 1 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Distributes power 

Global Insulation 
deterioration 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 1 1 1 1 1 1 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 

Conversion of solar 
energy into DC 

electricity 
Cell short circuit Partial 

Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 

Conversion of solar 
energy into DC 

electricity 

Cell degradation due 
corrosion etc. 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 

Conversion of solar 
energy into DC 

electricity 

By-pass diode failure 
due to over heating 

(typically due to under 
sizing) 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 

Main function: 
Conversion of energy 

from DC to AC .  
 

The inverter current 
should not exceed its 

IGBT failure Partial 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to inverter 

IGBT module replacement 2 2 1 1 2 2 
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rated current at any 
time. 

shutdown. May 
require several 

days to 
rectify/replace 

the module. 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Module level control 
system motherboard 
(/or software) failure 

Partial 

Even if a single 
IGBT module 
control fails it 

can potentially 
lead to the 
complete 

system 
shutdown and 

may take 
several days to 

fix. 

Main control system 
motherboard replacement 

2 2 1 1 2 2 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Main control system 
motherboard (/or 
software) failure 

Partial 

If the main 
control board 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 
depends on the 
actual failure. 

Main control system 
motherboard replacement 

2 2 1 1 2 2 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 
excessive 

temperature 
and complete 

system 
shutdown. Can 

IGBT module replacement 2 2 1 1 2 2 
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also pose a 
safety hazard. 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
2 2 1 1 2 2 

Osimo CHP PV Plant DC Cables DCC_1 DCC_1_1 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Short circuit on DC 
string cable 

Partial 
loss of string 

hence reduced 
output power 

String protection system 
(if implemented) should 

work 
2 2 1 1 2 2 

Osimo CHP PV Plant DC Cables DCC_1 DCC_1_1 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Protection (such as 
fuse, load breaker) 

failure 
Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
2 2 1 1 2 2 

Osimo CHP PV Plant LV Cables LVCAB_2 LVCAB_2_1 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC cable damage Partial 

loss of inverter 
hence reduced 
power output 

power 

Cable replacement 2 1 1 1 1 2 

Osimo CHP PV Plant LV Cables LVCAB_2 LVCAB_2_1 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 

AC protection failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
2 1 1 1 1 2 
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protect against short 
circuits 

Osimo CHP PV Plant 
DC Control 

Panel 
DCCP_1 DCCP_1_1 

DC side system 
control 

Hardware 
(motherboard) failure 

Partial 
loss of string 

hence reduced 
output power 

Motherboard replacement 2 2 1 1 2 2 

Osimo CHP PV Plant 
DC Control 

Panel 
DCCP_1 DCCP_1_1 

DC side system 
control 

Software failure Partial 
loss of string 

hence reduced 
output power 

Software rectification 2 2 1 1 2 2 

Osimo CHP PV Plant 
AC Control 

panels 
ACCP_1 ACCP_1_2 AC side system control 

Hardware 
(motherboard) failure 

Partial 

loss of inverter 
hence reduced 
power output 

power 

Motherboard replacement 2 1 1 1 1 2 

Osimo CHP PV Plant 
AC Control 

panels 
ACCP_1 ACCP_1_2 AC side system control Software failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Software rectification 2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 
Altering the voltage of 

a system to match 
level required 

Failure of the active 
element 

Total 
Loss of power 
to the system 

Replace the transformer 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 
Altering the voltage of 

a system to match 
level required 

Failure of the bushings Total 
Loss of power 
to the system 

Replace the bushings 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 
Altering the voltage of 

a system to match 
level required 

Failure of the tap 
changer 

Partial 

Unable to 
control output 

secondary 
voltage 

Replace the tap changer 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Padiglione 

Water 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace circuit breaker 4 1 1 1 1 4 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Distributes and 

controls power as 
required 

Busbar failure Total 
Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

4 1 1 1 1 4 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Distributes power 
Insulation 

deterioration 
Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Padiglione 

Water 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Distributes and 

controls power as 
required 

Circuit breaker 
breakdown of the 

Partial 
Prolonged loss 
of power to the 

Replace circuit breaker 4 1 1 1 1 4 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

current carrying 
elements or insulation 

circuit being 
supplied 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Distributes and 

controls power as 
required 

Busbar failure Total 
Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

4 1 1 1 1 4 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Distributes power 
Insulation 

deterioration 
Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 

Conversion of solar 
energy into DC 

electricity 
Cell short circuit Partial 

Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 

Conversion of solar 
energy into DC 

electricity 

Cell degradation due 
corrosion etc. 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 

Conversion of solar 
energy into DC 

electricity 

By-pass diode failure 
due to overheating 

(typically due to under 
sizing) 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

IGBT failure Partial 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to inverter 
shutdown. May 
require several 

days to 
rectify/replace 

the module. 

IGBT module replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Module level control 
system motherboard 
(/or software) failure 

Partial 

Even if a single 
IGBT module 
control fails it 

can potentially 
lead to the 
complete 

system 
shutdown and 

may take 
several days to 

fix. 

Main control system 
motherboard replacement 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Main control system 
motherboard (/or 
software) failure 

Partial 

If the main 
control board 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 
depends on the 
actual failure. 

Main control system 
motherboard replacement 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 

IGBT module replacement 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

rated current at any 
time. 

excessive 
temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant DC Cables DCC_1 DCC_1_2 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Short circuit on DC 
string cable 

Partial 
loss of string 

hence reduced 
output power 

String protection system 
(if implemented) should 

work 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant DC Cables DCC_1 DCC_1_2 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Protection (such as 
fuse, load breaker) 

failure 
Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant LV Cables LVCAB_3 LVCAB_3_1 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC cable damage Partial 

loss of inverter 
hence reduced 
power output 

power 

Cable replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant LV Cables LVCAB_3 LVCAB_3_1 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 

AC protection failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

protect against short 
circuits 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 

DC side system 
control 

Hardware 
(motherboard) failure 

Partial 
loss of string 

hence reduced 
output power 

Motherboard replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 

DC side system 
control 

Software failure Partial 
loss of string 

hence reduced 
output power 

Software rectification 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 AC side system control 

Hardware 
(motherboard) failure 

Partial 

loss of inverter 
hence reduced 
power output 

power 

Motherboard replacement 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 AC side system control Software failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Software rectification 1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_7 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 1 - 15 
kW (1 of 2) 

Control Valves CV_1 CV_1_7 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 Flow rate of 
38.58 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_14 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_14 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_13 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor ECM_1 ECM_1_13 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_8 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 1 - 15 
kW (2 of 2) 

Control Valves CV_1 CV_1_8 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 Flow rate of 
38.58 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_15 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_15 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_14 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor ECM_1 ECM_1_14 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_10 WPI_10_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_10 WPI_10_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_2 CV_2_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 2 - 
18.5 kW (1 

of 2) 
Control Valves CV_2 CV_2_1 

controls fluid flow 
from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 flow rate of 
22.24 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_2 PIW_2_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_2 PIW_2_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor 
control panel 

EMCP_2 EMCP_2_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor ECM_2 ECM_2_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_11 WPI_11_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_11 WPI_11_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_3 CV_3_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 2 - 
18.5 kW (2 

of 2) 
Control Valves CV_3 CV_3_1 

controls fluid flow 
from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 flow rate of 
22.24 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_3 PIW_3_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_3 PIW_3_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor 
control panel 

EMCP_3 EMCP_3_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor ECM_3 ECM_3_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_3 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_3 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_9 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 3 - 11 
kW (1 of 2) 

Control Valves CV_1 CV_1_9 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 flow rate of 
8.8 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_16 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_16 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_15 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor ECM_1 ECM_1_15 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_4 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_4 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_10 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 

Pump 3 - 11 
kW (2 of 2) 

Control Valves CV_1 CV_1_10 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Pumping 
Station 

 flow rate of 
8.8 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_17 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_17 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_16 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor ECM_1 ECM_1_16 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Water Pump - 
Impeller 

WPI_12 WPI_12_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Water Pump - 
Impeller 

WPI_12 WPI_12_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Control Valves CV_4 CV_4_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Control Valves CV_4 CV_4_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Pipelines PIW_4 PIW_4_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Pipelines PIW_4 PIW_4_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Electric motor 
control panel 

EMCP_4 EMCP_4_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Electric motor ECM_4 ECM_4_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Water Pump - 
Impeller 

WPI_13 WPI_13_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Water Pump - 
Impeller 

WPI_13 WPI_13_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Control Valves CV_5 CV_5_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Control Valves CV_5 CV_5_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

No fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Pipelines PIW_5 PIW_5_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Pipelines PIW_5 PIW_5_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Electric motor 
control panel 

EMCP_5 EMCP_5_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Electric motor ECM_5 ECM_5_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 
Altering the voltage of 

a system to match 
level required 

Failure of the active 
element 

Total 
Loss of power 
to the system 

Replace the transformer 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 
Altering the voltage of 

a system to match 
level required 

Failure of the bushings Total 
Loss of power 
to the system 

Replace the bushings 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 
Altering the voltage of 

a system to match 
level required 

Failure of the tap 
changer 

Partial 

Unable to 
control output 

secondary 
voltage 

Replace the tap changer 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace circuit breaker 4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Distributes and 

controls power as 
required 

Busbar failure Total 
Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Distributes power 
Insulation 

deterioration 
Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 3 1 1 1 1 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
open as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker fails to 
close as required 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Repair CB mechanism or 
control 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Distributes and 

controls power as 
required 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace circuit breaker 4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Distributes and 

controls power as 
required 

Busbar failure Total 
Loss of power 
to the system 

Replace busbar and repair 
any secondary damage 

4 1 1 1 1 4 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Distributes power Termination failure Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Distributes power Cable Fault Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Joint the cable and replace 
termination 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Distributes power 
Insulation 

deterioration 
Partial 

Prolonged loss 
of power to the 

circuit being 
supplied 

Replace the cable 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 
Conversion of solar 

energy into DC 
electricity 

Cell short circuit Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 
Conversion of solar 

energy into DC 
electricity 

Cell degradation due 
corrosion etc. 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 
Conversion of solar 

energy into DC 
electricity 

By-pass diode failure 
due to overheating 

(typically due to under 
sizing) 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 

Main function: 
Conversion of energy 

from DC to AC .  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

IGBT failure Partial 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to inverter 
shutdown. May 
require several 

days to 
rectify/replace 

the module. 

IGBT module replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Module level control 
system motherboard 
(/or software) failure 

Partial 

Even if a single 
IGBT module 
control fails it 

can potentially 
lead to the 
complete 

system 
shutdown and 

may take 
several days to 

fix. 

Main control system 
motherboard replacement 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Main control system 
motherboard (/or 
software) failure 

Partial 

If the main 
control board 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 

Main control system 
motherboard replacement 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

safe mode) but 
depends on the 
actual failure. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 
excessive 

temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

IGBT module replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Cables DCC_1 DCC_1_3 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Short circuit on DC 
string cable 

Partial 
loss of string 

hence reduced 
output power 

String protection system 
(if implemented) should 

work 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Cables DCC_1 DCC_1_3 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Protection (such as 
fuse, load breaker) 

failure 
Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

LV Cables LVCAB_2 LVCAB_2_2 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC cable damage Partial 

loss of inverter 
hence reduced 
power output 

power 

Cable replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

LV Cables LVCAB_2 LVCAB_2_2 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC protection failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Control 
Panel 

DCCP_1 DCCP_1_3 
DC side system 

control 
Hardware 

(motherboard) failure 
Partial 

loss of string 
hence reduced 
output power 

Motherboard replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Control 
Panel 

DCCP_1 DCCP_1_3 
DC side system 

control 
Software failure Partial 

loss of string 
hence reduced 
output power 

Software rectification 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

AC Control 
panels 

ACCP_1 ACCP_1_4 AC side system control 
Hardware 

(motherboard) failure 
Partial 

loss of inverter 
hence reduced 
power output 

power 

Motherboard replacement 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

AC Control 
panels 

ACCP_1 ACCP_1_4 AC side system control Software failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Software rectification 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_1 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_1 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_1 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_2 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_2 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_2 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_2 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_2 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_2 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_3 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
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Local Effect Remedial Action 
Maint 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_3 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_3 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_3 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_3 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_3 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_3 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_3 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_5 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_5 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_11 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_11 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_18 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_18 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Electric motor 
control panel 

EMCP_1 EMCP_1_17 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Electric motor ECM_1 ECM_1_17 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_6 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

circuit 

Isolate pump, replace 
impellor 

2 1 1 1 1 2 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_6 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around circuit 
Isolate pump, replace 

impellor 
2 1 1 1 1 2 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_12 
controls fluid flow 

from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_12 
controls fluid flow 

from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_19 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 
water spillage, 
make up water 

requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_19 
conveys fluid around 

circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total water spillage 
Isolate circuit, rectify 

faulty connection / joint 
1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Electric motor 
control panel 

EMCP_1 EMCP_1_18 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 
no fluid 
flowrate 

around circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Electric motor ECM_1 ECM_1_18 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

around circuit 
Replace electric motor 3 1 1 1 1 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Cell thermal runaway 
(exothermic chemical 

reaction) 
Partial 

Excessive 
temperature 
built up can 

lead to fair and 
complete 

Battery cell/rack 
temperature monitoring.  
Disconnection of BESS as 

soon as temperature 

1 2 1 1 3 3 
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Failure 
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damage to the 
equipment and 
can potentially 
pose a safety 
hazard to the 

personnel. 

exceeds a safety 
threshold. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Cell thermal runaway 
(exothermic chemical 

reaction) 
Partial 

Excessive 
temperature 
built up can 

lead to fair and 
complete 

damage to the 
equipment and 
can potentially 
pose a safety 
hazard to the 

personnel. 

Battery cell/rack 
temperature monitoring.  
Disconnection of BESS as 

soon as temperature 
exceeds a safety 

threshold. 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Cell thermal runaway 
(exothermic chemical 

reaction) 
Partial 

Excessive 
temperature 
built up can 

lead to fair and 
complete 

damage to the 
equipment and 
can potentially 
pose a safety 
hazard to the 

personnel. 

Battery cell/rack 
temperature monitoring.  
Disconnection of BESS as 

soon as temperature 
exceeds a safety 

threshold. 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Loss of capacity and 
increased internal 
impedance due to 

aging/failure of cells 

Total 
Reduced 
storage 

capacity. 
Affected Cell replacement. 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Loss of capacity and 
increased internal 
impedance due to 

aging/failure of cells 

Total 
Reduced 
storage 

capacity. 
Affected Cell replacement. 1 1 1 1 1 1 

Osimo 
Campocavallo 

Water 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Energy storage 

component. 
Maximum/Minimum 

General Battery 
Management System 

fault 
Total 

Reduced 
storage 

capacity. 
Fault clearance 1 2 1 1 3 3 
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Rep H+S Enviro Prod Overall 

Pumping 
Station 

SoC should be 
maintained. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 

Energy storage 
component. 

Maximum/Minimum 
SoC should be 
maintained. 

Battery voltages low / 
high 

Partial 
Reduced 
storage 

capacity. 
Voltage reduction 1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

IGBT failure Total 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to system 
shutdown. May 
require several 

days to 
rectify/replace 

the module. 

IGBT module replacement 1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Communication 
between 

microcontrollers is 
failed. 

Total 
Master-Slave 
inverter fail 

Check / Replace the 
communication channels 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

Internal cooling 
system failure (not 

HVAC which is 
external) - heat sink 

Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 

Replacement of Internal 
cooling system 

1 2 1 1 3 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

can lead to 
excessive 

temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Internal cooling 
system failure (not 

HVAC which is 
external) - heat sink 

Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 
excessive 

temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

Replacement of Internal 
cooling system 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS could 

potentially get 
disconnected 
from the grid. 

Connecting back after the 
grid voltage reaches 

nominal 
1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 

Battery 
communication or 
connection is lost. 

Partial 
Battery 

connection 
lost. 

Check / Replace the 
communication channels 

1 2 1 1 3 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Additional functions 
include reactive 

current injection for 
voltage control.  

 
The inverter current 
should not exceed its 
rated current at any 

time. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 

Main function: 
Conversion of energy 

from AC to DC 
(charging) and DC to 

AC (discharging). 
Additional functions 

include reactive 
current injection for 

voltage control.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Overloading Partial 
Heating of 

equipment's 
Reduce loadings 1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 

Holding DC voltage, 
DC fuse protection 

etc. Protection from 
short circuits on DC 

system (cables 
connecting battery 

racks) 

DC bus fault Total Tripping Fault clearance 1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 

Holding DC voltage, 
DC fuse protection 

etc. Protection from 
short circuits on DC 

system (cables 
connecting battery 

racks) 

Fuse failure 
(inadequate design). 

Total 

This depends a 
lot on the 

battery pack 
string design. If 

fuse is string 
specific, failure 
of a single fuse 
would lead to 

the 
disconnection 

Fuse replacement 1 2 1 1 3 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

of that string of 
battery packs. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 

Holding DC voltage, 
DC fuse protection 

etc. Protection from 
short circuits on DC 

system (cables 
connecting battery 

racks) 

DC capacitor failure 
(inadequate design) 

Partial 

Depends on the 
DC system 

design. If the 
system is built 
with multiple 
inverters with 
their own DC 
system, then 
failure of one 

DC side 
capacitor 

should lead to 
the 

disconnection 
of all the 
strings 

connected to 
that inverter 
module only. 

Capacitor replacement 1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

SBMS (internal 
battery 

management 
system) 

SBMS_1 SBMS_1_1 

It allows to set battery 
parameters such as 
limit voltages and 

temperatures, 
allowable charge and 

discharge rates or 
improve SoC 
estimation. 

 
Two-way 

communication with 
several internal 

system components 
and with 

system demand 
controller (EMS) to 

Main failure mode 
would be the loss of 
comms to internal 

components and/or 
EMS. This could be 

due to hardware (PCB) 
failure or software 

failure. 

Total 

Failure of 
internal comms 
should mostly 

lead to 
shutdown of 

the system but 
could 

potentially lead 
to complete 

damage if the 
temperature is 
not kept within 

limits. 

Check/replacement of 
SBMS 

1 2 1 1 3 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

control the state of 
the entire battery. 

 
It can switch the 

electrical contractor 
on DC side, run the 

water cooling 
system pump, read 
the voltage sensor, 

read the current 
sensor etc. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Engine 
management 

system 
EMS_2 EMS_2_1 

Muse Grids control 
interface for BESS.  

 
The commands from 
Muse Grids cloud will 
be sent to EMS, which 

will then 
communicate with the 

SBMS and inverter 
master control. 

Similarly, the status 
and measurement 

info from BESS will be 
communicated back 

to cloud via EMS. 
 

It can receive the AC 
current and voltage 
measurements from 

the local sensors 
(CTs/VTs if available) 

at the grid connection 
point. 

  
It can switch the 

disconnector on AC 
side in emergencies. 

Main failure mode 
would be the loss of 

comms to Muse Grids 
cloud. This could be 

due to hardware (PCB) 
failure or software 

failure. 

Partial 

Failure of 
comms to 

Muse Grids 
cloud and/or 
SBMS could 

lead to 
suboptimal 

functioning of 
BESS. 

Check/replacement of 
EMS 

1 2 1 1 3 3 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

HVAC HVAC_1 HVAC_1_1 

To maintain 
temperature and 

humidity inside BESS 
container within 
prescribed limits 

HVAC system 
malfunction 

T 

System doesn't 
operate safely 

through 
normally 
expected 
operating 

temperature 
range 

Check/replace of HVAC 
System 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Fire detection 
and 

suppression 
system 

FDSS_1 FDSS_1_1 
Fire detection and 

suppression 
Fire detection system 

malfunction. 
T 

Equipment 
damage, fire 

hazard to 
personnel 

Check/replace of fire 
detection System 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Fire detection 
and 

suppression 
system 

FDSS_1 FDSS_1_1 
Fire detection and 

suppression 
Fire control system 

malfunction. 
T 

Equipment 
damage, fire 

hazard to 
personnel 

Check/replace of fire 
detection System 

1 2 1 1 3 3 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Communication 
devices 

CD_2 CD_2_1 

Enables connection to 
BESS from external 

system such as Muse 
Grids control system 

Malfunction of the 
board 

P 

Failure of 
comms to 

Muse Grids 
cloud and/or 
SBMS could 

lead to 
suboptimal 

functioning of 
BESS. 

Check/replace of 
communication system 

1 2 1 1 3 3 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(1 of 4) 
Electric Boiler EB_1 EB_1_1 

For circulation of hot 
water and maintaining 

room temperature 

Heating element 
failure 

Total 
Maintaining 

the room 
temperature 

Replacement of the 
heating element 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(1 of 4) 
Electric Boiler EB_1 EB_1_1 

For circulation of hot 
water and maintaining 

room temperature 

Electric Component 
failure 

Total 
Maintaining 

the room 
temperature 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_1 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_1 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_1 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_1 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_1 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_1 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(2 of 4) 
Electric Boiler EB_1 EB_1_2 

For circulation of hot 
water and maintaining 

room temperature 

Heating element 
failure 

Total 
Maintaining 

the room 
temperature 

Replacement of the 
heating element 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(2 of 4) 
Electric Boiler EB_1 EB_1_2 

For circulation of hot 
water and maintaining 

room temperature 

Electric Component 
failure 

Total 
Maintaining 

the room 
temperature 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_2 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_2 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_2 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_2 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_2 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_2 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(3 of 4) 
Electric Boiler EB_1 EB_1_3 

For circulation of hot 
water and maintaining 

room temperature 

Heating element 
failure 

Total 
Maintaining 

the room 
temperature 

Replacement of the 
heating element 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(3 of 4) 
Electric Boiler EB_1 EB_1_3 

For circulation of hot 
water and maintaining 

room temperature 

Electric Component 
failure 

Total 
Maintaining 

the room 
temperature 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_3 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_3 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_3 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_3 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_3 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_3 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
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Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(4 of 4) 
Electric Boiler EB_1 EB_1_4 

For circulation of hot 
water and maintaining 

room temperature 

Heating element 
failure 

Total 
Maintaining 

the room 
temperature 

Replacement of the 
heating element 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(4 of 4) 
Electric Boiler EB_1 EB_1_4 

For circulation of hot 
water and maintaining 

room temperature 

Electric Component 
failure 

Total 
Maintaining 

the room 
temperature 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_4 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_4 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_4 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_4 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_4 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_4 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 
Conversion of solar 

energy into DC 
electricity 

Cell short circuit Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 
Conversion of solar 

energy into DC 
electricity 

Cell degradation due 
corrosion etc. 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 
Conversion of solar 

energy into DC 
electricity 

By-pass diode failure 
due to overheating 

(typically due to under 
sizing) 

Partial 
Reduced 
output 

Part replacement 1 1 1 1 1 2 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
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Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

IGBT failure Partial 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to inverter 
shutdown. May 
require several 

days to 
rectify/replace 

the module. 

IGBT module replacement 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Module level control 
system motherboard 
(/or software) failure 

Partial 

Even if a single 
IGBT module 
control fails it 

can potentially 
lead to the 
complete 

system 
shutdown and 

may take 
several days to 

fix. 

Main control system 
motherboard replacement 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Main control system 
motherboard (/or 
software) failure 

Partial 

If the main 
control board 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 
depends on the 
actual failure. 

Main control system 
motherboard replacement 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 

Check/replace the cooling 
system 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

rated current at any 
time. 

excessive 
temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Storage unit 
communication or 
connection is lost. 

Partial 

If the 
communication 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 
depends on the 
actual failure. 

Communication system 
replacement 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Overloading / 
Overcurrent 

Partial Tripping Reduce loading 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

IGBT failure Partial 

Depending on 
the design 

margins built, 
failure of a 
single IGBT 

module could 
lead to inverter 
shutdown. May 
require several 

days to 
rectify/replace 

the module. 

IGBT module replacement 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Communication error 
between the 
processors 

Partial 

If the 
communication 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 
depends on the 
actual failure. 

Communication system 
replacement 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks or 

internal water-
cooling pipes 
can lead to 
excessive 

temperature 
and complete 

Check/replace the cooling 
system 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

system 
shutdown. Can 

also pose a 
safety hazard. 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Internal cooling 
system failure - such 

as heat sink 
Partial 

Failure of 
components 

such as 
heatsinks, or 

internal water-
cooling pipes 
can lead to 
excessive 

temperature 
and complete 

system 
shutdown. Can 

also pose a 
safety hazard. 

Check/replace the cooling 
system 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Self-tripping due to 
grid voltage out of 
allowed range (+/- 
10% of nominal) 

Total 

If the grid 
voltage 
deviates 
beyond 

allowed range 
(due to faults 

on the grid) the 
BESS inverter 

will get 
disconnected 
from the grid. 

Muse Grids control should 
be designed to take this 

into account 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Storage unit 
communication or 
connection is lost. 

Partial 

If the 
communication 

fails, some 
limited 

functionality 
may be 

possible (like 
pushing it into 
safe mode) but 

Communication system 
replacement 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

depends on the 
actual failure. 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 

Main function: 
Conversion of energy 

from DC to AC.  
 

The inverter current 
should not exceed its 
rated current at any 

time. 

Overloading / 
Overcurrent 

Partial Tripping reduce loading 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Cables DCC_2 DCC_2_1 

DC side system 
carrying power from 
panels to inverter. 

Protection to protect 
against short circuits. 

Short circuit on DC 
string cable 

Partial 
loss of string 

hence reduced 
output power 

String protection system 
(if implemented) should 

work 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

LV Cables LVCAB_1 LVCAB_1_4 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC cable damage Partial 

loss of inverter 
hence reduced 
power output 

power 

Cable replacement 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

LV Cables LVCAB_1 LVCAB_1_4 

AC side system 
carrying the power 

from inverter to grid 
connection point. AC 

side protection to 
protect against short 

circuits 

AC protection failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Replace the failed 
protection device with a 

better one 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Control 
Panel 

DCCP_1 DCCP_1_4 
DC side system 

control 
Hardware 

(motherboard) failure 
Partial 

loss of string 
hence reduced 
output power 

Motherboard replacement 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Control 
Panel 

DCCP_1 DCCP_1_4 
DC side system 

control 
Software failure Partial 

loss of string 
hence reduced 
output power 

Software rectification 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

AC Control 
panels 

ACCP_1 ACCP_1_5 AC side system control 
Hardware 

(motherboard) failure 
Partial 

loss of inverter 
hence reduced 

Motherboard replacement 1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

power output 
power 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

AC Control 
panels 

ACCP_1 ACCP_1_5 AC side system control Software failure Partial 

loss of inverter 
hence reduced 
power output 

power 

Software rectification 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

Gas Boilers 1 
-580 kWth  

 (One as back 
up) 

Gas boiler GB_3 GB_3_1 

contributes to 
providing peak 

heating loads and full 
heating backup to 

district heat network 

failure of individual 
boiler component 

Total 
no heat output 

from boiler 
Isolate boiler, replace 

faulty component 
1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_7 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_7 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Control Valve CV_1 CV_1_13 

controls fluid flow 
from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Control Valve CV_1 CV_1_13 

controls fluid flow 
from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Pipelines PIW_1 PIW_1_20 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Pipelines PIW_1 PIW_1_20 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_19 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Electric motor ECM_1 ECM_1_19 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Gas Boilers 2 
-580 kWth  

 (One as back 
up) 

Gas boiler GB_4 GB_4_1 

contributes to 
providing peak 

heating loads and full 
heating backup to 

district heat network 

failure of individual 
boiler component 

Total 
no heat output 

from boiler 
Isolate boiler, replace 

faulty component 
1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_8 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_8 
transfers electric 

motor energy to fluid 
flow around circuit 

failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Control Valve CV_1 CV_1_14 

controls fluid flow 
from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Control Valve CV_1 CV_1_14 

controls fluid flow 
from pump 

failure of control valve 
or actuator, no fluid 

flow 
Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Pipelines PIW_1 PIW_1_21 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Pipelines PIW_1 PIW_1_21 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_20 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Electric motor ECM_1 ECM_1_20 

transfers electrical 
energy to pump 

impellor 

failure of electric 
motor 

Total 
no fluid 
flowrate 

Replace electric motor 1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

around heating 
circuit 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Heating coil HC_1 HC_1_1 

Maintain the desired 
temperature, take in 

outside air, re-
condition it and 

supply it as fresh air to 
a building 

Heating element 
failure 

Partial 
Failure in air 
circulation 

Check 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Cooling coil CC_1 CC_1_1 

Maintain the desired 
temperature, take in 

outside air, re-
condition it and 

supply it as fresh air to 
a building 

Cooling element 
failure 

Partial 
Failure in air 
circulation 

Check 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Supply fans SUPF_1 SUPF_1_1 Circulation of air Supply Fan failure Total 
Failure in air 
circulation 

Check 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Refrigeration 
Unit 

Compressor Comp_1 Comp_1_1 

At the compressor, 
the low-pressure gas 

is changed to high 
pressure gas 

Compressor failure Total 
Circulation 

failure of the 
refrigerant 

Rectification/Replacement 
of the Compressor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Refrigeration 
Unit 

Expansion 
Valves 

EV_1 EV_1_1 
Removes pressure 

from the refrigerant 
to allow expansion 

Expansion valve failure Partial 

Compressor 
core will 

overheat and 
compromise 
the efficiency 

of the AC 
system 

Rectification/Replacement 
of the expansion valves 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Central 
control 
system 

Control unit CCU_1 CCU_1_1 

Central controller 
enables control 

overheat/thermal 
energy systems for 

ASTEA HQ 

Malfunction Partial 
Loss of 

communication 
channels 

Service/Replacement of 
charge controller 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Central 
control 
system 

HMI HMI_1 HMI_1_1 

Human-Machine 
Interface (HMI) is user 

interface or 
dashboard that 

connects a person to a 
machine 

HMI Failure Partial 
No control over 

temperature 
equipment 

Service/Replacement of 
charge controller 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 
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or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Central 
control 
system 

Communication 
devices 

CD_1 CD_1_1 
Control other devices 

in the HQ 
Communication 

failures 
Partial 

No control over 
room 

temperature 

Service/Replacement of 
controller 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Air 
conditioner 

Compressor Comp_2 Comp_2_1 

At the compressor, 
the low-pressure gas 

is changed to high 
pressure gas 

Compressor failure Total 
Circulation 

failure of the 
refrigerant 

Rectification/Replacement 
of the Compressor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Air 
conditioner 

Expansion 
Valves 

EV_2 EV_2_1 
Removes pressure 

from the refrigerant 
to allow expansion 

Expansion valve failure Partial 

Compressor 
core will 

overheat and 
compromise 
the efficiency 

of the AC 
system 

Rectification/Replacement 
of the expansion valves 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Electrical 
heating 
element 

GDEE_1 GDEE_1_1 
A heating element 
converts electrical 
energy into heat. 

Malfunction Total 
No heat will be 
generated by 

the system 

Replace the heating 
element 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Thermostat THST_1 THST_1_1 

Digitally controlled 
electronic thermostat 
that controls the room 

temperature 

Thermostat is broken 
or connection 

between thermostat 
and boiler is broken 

Total 

Digitally 
controlled 
electronic 

thermostat 
that controls 

the room 
temperature 

Service/Replacement of 
thermostat 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 

Charge 
controller & 
transceiver 

CHC_1 CHC_1_1 

Charge controller 
enables control over 
energy in the storage 

heater for DSM 
(interfaced with cloud 
through the Dimplex 

Hub) 

Malfunction Partial 

standalone 
operation 

mode, core will 
charge on a 
standalone 

basis 

Service/Replacement of 
charge controller 

1 2 1 1 1 2 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
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Local Effect Remedial Action 
Maint 
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Rep H+S Enviro Prod Overall 

Storage 
Capacity 

15540 Wh 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Dimplex hub DH_1 DH_1_1 

Dimplex Hub allows 
the product to 
connect to the 

Dimplex Cloud, which 
is hosted on the 

Microsoft Azure cloud 
servers. 

Hub microcontroller 
malfunction 

Partial 

From Muse 
Grids control 
perspective: 

loss of demand 
response. 

However, the 
individual 

systems (boiler, 
storage heater) 

can function 
with local 
settings 

Replacement of the hub 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Heat supply fan HSF_1 HSF_1_1 

Moves the air around 
the elements to allow 
air to be supplied into 

the room 

Malfunction Total 

The heat 
generated will 

not be 
distributed 
effectively 

Replacement of the heater 
supply fan 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Electrical 
heating 
element 

GDEE_2 GDEE_2_1 
A heating element 
converts electrical 
energy into heat. 

Malfunction Total 
No heat will be 
generated by 

the system 

Replace the heating 
element 

1 2 1 1 1 2 
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Partial 
or 
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Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Thermostat THST_2 THST_2_1 

It is a mechanism to 
control how hot the 

water gets in a water 
heater. 

Malfunction Total 

Water too hot 
or too cold. 

 
 From MUSE 
Grids control 
perspective 

failure of boiler 
thermostat 

leads to 
shutdown of 

the boiler 
hence 

corresponding 
DSM 

functionality 
will be lost 

Service/Replacement of 
thermostat 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Charge 
controller & 
transceiver 

CHC_2 CHC_2_1 

Charge controller 
enables control over 
energy in the storage 

heater for DSM 
(interfaced with cloud 
through the Dimplex 

Hub) 

Malfunction Partial 

standalone 
operation 

mode, core will 
charge on a 
standalone 

basis 

Service/Replacement of 
charge controller 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Dimplex hub DH_1 DH_1_2 

Dimplex Hub allows 
the product to 
connect to the 

Dimplex Cloud, which 
is hosted on the 

Microsoft Azure cloud 
servers. 

Hub microcontroller 
malfunction 

Partial 

From Muse 
Grids control 
perspective: 

loss of demand 
response. 

However, the 
individual 

systems (boiler, 
storage heater) 

can function 
with local 
settings 

Replacement of the hub 1 2 1 1 1 2 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Water Pump - 
Impeller 

WPI_9 WPI_9_9 
transfers electric 

motor energy to fluid 
flow around circuit 

damage to impellor, 
however allowing fluid 

flow 
Partial 

reduced fluid 
flow around 

heating circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Water Pump - 
Impeller 

WPI_9 WPI_9_9 failure of impellor Total 
no fluid flow 

around heating 
circuit 

Isolate pump, replace 
impellor 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Control Valves CV_1 CV_1_15 

controls fluid flow 
from pump 

failure of control valve 
or actuator, however 

allowing fluid flow 
Partial 

incorrect fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Control Valves CV_1 CV_1_15 
failure of control valve 

or actuator, no fluid 
flow 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate circuit, replace 
faulty component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Pipelines PIW_1 PIW_1_22 

conveys fluid around 
circuit 

failure of pipework 
connections / joints 

resulting in minor fluid 
leak 

Partial 

water spillage, 
potential H&S 
risk, make up 

water 
requirement 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Pipelines PIW_1 PIW_1_22 

failure of pipework 
connections / joints 

resulting in major fluid 
leak 

Total 
water spillage, 
potential H&S 

risk 

Isolate circuit, rectify 
faulty connection / joint 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Electric motor 
control panel 

EMCP_1 EMCP_1_21 

controls operation of 
pump and potentially 

also associated 
components (e.g. 

Control valves) 

failure of individual 
components or 

connections within 
control panel 

Total 

no fluid 
flowrate 

around heating 
circuit 

Isolate control panel, 
rectify faulty connection 

or replace faulty 
component 

1 1 1 1 1 1 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Electric motor ECM_1 ECM_1_21 
transfers electrical 

energy to pump 
impellor 

failure of electric 
motor 

Total 

no fluid 
flowrate 

around heating 
circuit 

Replace electric motor 1 1 1 1 1 1 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 
Converts mains power  

 
 
 

Also includes fuse 
protection, comms 

interface. 

Converter failure Total 
EV charging not 

possible 
Isolate EV charger, rectify 

or replace faulty converter 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Fault/Overload Total Overheating 

Isolate EV charger, rectify 
faulty connection or 

replace faulty component 
or reduce loadings 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Comms failure Partial 
Communication 

lost with 
server/cloud 

Isolate EV charger, rectify 
or replace faulty part 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Protection fuse failure Partial 
EV charging not 

possible, 
overheating 

Isolate EV charger, rectify 
or replace faulty 
Protection fuse 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 

CONS_1 CONS_1_1 

Cable from charger 
box to the EV battery. 

Cable damage Total 

Risk of electric 
shock, EV 

charging not 
possible 

Isolate EV charger, rectify 
or replace faulty cable 

section 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

AC EV 
Charger (25 
kW electric 

power) [next 
installation] 

CONS_1 CONS_1_1 MCCB failure Total 

EV charging not 
possible, Risk 

of electric 
shock 

Isolate EV charger, rectify 
or replace MCCB 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 

Converts mains power  
 

Also includes fuse 
protection, comms 

interface. 

Converter failure Total 
EV charging not 

possible 
Isolate EV charger, rectify 

or replace faulty converter 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Fault/Overload Total Overheating 

Isolate EV charger, rectify 
faulty connection or 

replace faulty component 
or reduce loadings 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Comms failure Partial 
Communication 

lost with 
server/cloud 

Isolate EV charger, rectify 
or replace faulty part 

1 2 1 1 1 2 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Protection fuse failure Partial 
EV charging not 

possible, 
overheating 

Isolate EV charger, rectify 
or replace faulty 
Protection fuse 

1 2 1 1 1 2 
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          Consequence (1 to 4) 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Asset Function Failure mode 

Partial 
or 

Total 
Failure 

Local Effect Remedial Action 
Maint 
Costs 

Rep H+S Enviro Prod Overall 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 

CONS_2 CONS_2_1 

Cable from charger 
box to the EV battery. 

Cable damage Total 

Risk of electric 
shock, EV 

charging not 
possible 

Isolate EV charger, rectify 
or replace faulty cable 

section 
1 2 1 1 1 2 

Osimo Astea 
Headquarters 

DC EV 
Charger (25 
kW electric 

power) [next 
installation] 

CONS_2 CONS_2_1 MCCB failure Total 

EV charging not 
possible, Risk 

of electric 
shock 

Isolate EV charger, rectify 
or replace MCCB 

1 2 1 1 1 2 

 

8.5 Appendix E - Stage 3, Oud-Heverlee Maintenance Analysis 

System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 
Installed Sensor/sensors to identify failure 

Optimum 
Sensor/sensors 

to identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
Sensors 

Battery Energy 
Storage System 

(90 
kVA/120kWh). 

But, 
connection 

power limited 
to 56kVA 

Battery racks BB_1 BB_1_1 
Cell thermal runaway 
(exothermic chemical 

reaction) 
4 

Temperature Sensor (room) 

Cell temperature 
monitor 

Scheduled replacement 
of battery racks 

Seconds 

Temperature Sensor (Battery Bank), 
BAT_TEMP_MAX and BAT_TEMP_MIN.  

Maximum temperature across all the cells .  3 
Temps per module. 

Minutes 

Alarm: module OT 
This is a cell over temperature alarm recorded in 
SBMS. This is recorded in Modbus register 230. 

Bit position 14 Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

State of charge BAT_SOC. 

Alarm: AlmOT 
There is also a over temperature alarm. This is 
recorded in Modbus register 220. Bit position 3 
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System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 
Installed Sensor/sensors to identify failure 

Optimum 
Sensor/sensors 

to identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
Sensors 

Alarm: AlmOffGaz 
This is recorded in Modbus register 220. Bit 

position 6 

Visual assessment 

Loss of capacity and 
increased internal 
impedance due to 

aging/failure of cells 

1 

State of Health (SoH) indicator - BAT_SOH 

SOH indicator 
and cell voltage 
measurement 

Scheduled replacement 
of battery racks 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Cell Voltage - BAT_U_CELL_MAX and 
BAT_U_CELL_MIN.  Decrease in V = Increased 

resistance = increase in cell temperatures. 

Reduced energy storage capacity. This can give 
good indication on the overall battery health, but 

this can’t tell which cell is aging faster than the 
other. -  BAT_SOC 

Inverter INV_1 
INV_1_1, 
INV_1_2, 
INV_1_3 

IGBT failure 2 

Current sensor 
Built in self 

testing code 
Run to failure Months 

Temperature - ESI_TEMP_IGBT + Loading 

If this is a master 
inverter - Module level 

control system 
motherboard (/or 
software) failure 

4 ESI_TEMP_CONTROL None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

If this is a master 
inverter - Main control 
system motherboard 
(/or software) failure 

4 ESI_TEMP_CONTROL None Run to failure 

Internal cooling system 
failure (not HVAC 

which is external) - 
heat sink 

4 
Temperature sensor (inverter) - ESI_TEMP_IGBT 

and ESI_TEMP_CONTROL 
Temperature 

sensor 
Run to failure 

Self-tripping due to 
grid voltage out of 

allowed range (+/- 10% 
of nominal) 

2 

Load and PV forecast 

Voltage sensor Run to failure Voltage sensor - ESI_U_L3_L1, ESI_U_L3_L2 and 
ESI_U_L3_L3 
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System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 
Installed Sensor/sensors to identify failure 

Optimum 
Sensor/sensors 

to identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
Sensors 

DC bus system 
and DC 

protection 
DCS_1 DCS_1 

Fuse failure 
(inadequate design). 

2 

Current sensor 

None 
test or replace fuses 

periodically Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Alarm: rack fuse fails 
This is recorded in Modbus register 230. Bit 

position 1 

DC capacitor failure 
(inadequate design) 

2 Voltage sensor - BAT_U_STACK_AVERAGE None 

Visual or thermographic 
examination.  

Replacement of the 
capacitor as required or 

routinely 

SBMS (system 
level battery 
management 

system) 

SBMS_1 SBMS_1_1 

Main failure mode 
would be the loss of 
comms to internal 

components and/or 
EMS. This could be due 

to hardware (PCB) 
failure or software 

failure. 

4 

Alarm: AlmComMCU 
This is recorded in Modbus register 220. Bit 

position 4 

None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Alarm: R-M comm fail 
This is recorded in Modbus register 230. Bit 

position 9 

EMS (high level 
control) 

EMS_1 EMS_1_1 

Main failure mode 
would be the loss of 

comms to Muse Grids 
cloud. This could be 

due to hardware (PCB) 
failure or software 

failure. 

2 
Alarm: AlmComMCU 

This is recorded in Modbus register 220. Bit 
position 4 

None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

HVAC HVAC_1 HVAC_1 
HVAC system 
malfunction 

2 

Alarm: AlmHVAC 
This is recorded in Modbus register 220. Bit 

position 2 

Battery room 
temperature 

monitor 
Routine maintenance 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Alarm: AlmBatteryRoomTempHighHigh 
 This is recorded in Modbus register 220. Bit 

position 14 

Alarm: AlmBatteryRoomTempLowLow 
This is recorded in Modbus register 220. Bit 

position 3 

temperature sensor 

Fire detection 
and 

suppression 
system 

FDS_1 FDS_1_1 

Fire detection system 
malfunction. 

4 

Alarm: AlmFire 
This is recorded in Modbus register 220. Bit 

position 0 
None Routine maintenance 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Alarm: AlmBatteryRoomTempHighHigh 
 This is recorded in Modbus register 220. Bit 

position 14 

Fire control system 
malfunction. 

4 

Alarm: AlmFire 
This is recorded in Modbus register 220. Bit 

position 0 
None Routine maintenance 

Alarm: AlmBatteryRoomTempHighHigh 
 This is recorded in Modbus register 220. Bit 

position 14 
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System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 
Installed Sensor/sensors to identify failure 

Optimum 
Sensor/sensors 

to identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
Sensors 

MyPi Industrial 
IoT Edge 

Gateway - 
microcontroller 

MPI_1 MPI_1_1 
Malfunction of the 

board 
2 

Alarm: AlmComMCU 
This is recorded in Modbus register 220. Bit 

position 4 
None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

EVC_1 

EV Charger box EVC_1 
EVC_1_1, 
EVC_1_2, 
EVC_1_3, 

Converter failure 4 Status of the charger (on or off) 
None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Protection fuse failure 3 Status of the charger (on or off) 

CHAdeMO 
connector 

(includes V2G 
function) 

MOC_1 MOC_1_1 

Cable damage 3 Status of the charger (on or off) 

None Run to failure 
MCCB failure 3 Healthy or trip 

Glen Dimplex 
Water 

Cylinders 
x3 

Electrical 
element 

EE_1 
EE_1_1, 
EE_1_2, 
EE_1_3 

Malfunction 3 

Temperature sensor - desired temperature is not 
being achieved - can we use the core temp, room 
temperature and time to achieve desired temp as 

a indicator. Sensor to detect 
change in 

resistance of 
element 

Run to failure 

Temperature sensors were 
incorporated in the system.  
The sensors associated with 

these systems could be 
utilised to monitor the 

condition of the electrical 
element, however it was 
deemed that the risk of 

failure was low so further 
investigation was not 

undertaken 

Error Code XX: Heating Element Fault 

Thermostat THS_1 
THS_1_1, 
THS_1_2, 
THS_1_3 

Thermostat is broken 
or connection between 
thermostat and boiler 

is broken 

3 

Temperature sensor - the following three 
variables could be read from Modbus register: 

'Room Temperature', 'ActualRoomTemeprature', 
'CoreTemperature' 

None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Error Code XX:Thermistor hardware Fault 

Charge 
controller & 
transceiver 

CCT_1 
CCT_1_1, 
CCT_1_2, 
CCT_1_3 

Malfunction 2 Error Code XX:Wireless comms module error None Run to failure 

Dimplex hub DH_1 
DH_1_1, 
DH_1_2, 
DH_1_3 

Hub microcontroller 
malfunction 

2 

Check if there is any error code that can be read 
back to muse grids cloud. None 

Run to failure 

Error Code XX: Hub connection error Run to failure 

Cylinder DWC_1 
DWC_1_1, 
DWC_1_2, 
DWC_1_3 

Rupture 4 Physical inspection 

None 

Visual and run to failure 

Thermal Insulation End 
of life 

3 Physical inspection Run to failure 

Glen Dimplex 
Storage Space 

Heaters 
x1 

Electrical 
element 

EE_2 EE_2_1 Malfunction 3 

Temperature sensor - the following three 
variables could be read from Modbus register: 

'Room Temperature', 'ActualRoomTemeprature', 
'CoreTemperature' 

Sensor to detect 
change in 

resistance of 
element 

Run to failure 

Temperature sensors were 
incorporated in the system.  
The sensors associated with 

these systems could be 
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System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 
Installed Sensor/sensors to identify failure 

Optimum 
Sensor/sensors 

to identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
Sensors 

Error Code 41: Heating Element Fault 

utilised to monitor the 
condition of the electrical 
element, however it was 
deemed that the risk of 

failure was low so further 
investigation was not 

undertaken 

Thermostat THS_2 THS_2_1 Thermostat is broken 3 
Temperature sensor 

None Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Error Code 21: Thermistor hardware Fault 

Charge 
controller & 
transceiver 

CCT_2 CCT_2_1 Malfunction 2 Error Code 60: Wireless comms module error None Run to failure 

Dimplex hub DH_2 DH_2_1 
Hub microcontroller 

malfunction 
2 

Check if there is any error code that can be read 
back to muse grids cloud. None Run to failure 

Error Code 61: Hub connection error 

Heat supply 
fan 

HSF_1 HSF_1_1 Malfunction 3 Physical inspection 

Sensor to detect 
change in 

resistance of 
motor, vibration 

sensor 

Routine replacement or 
run to failure 

Thermal 
insulation 

TI_1 TI_1_1 End of life 3 Physical inspection None Run to failure 

Roof top PV of 
multiple 
houses 

Pv System PVS_1 
PVS_1_1, 
PVS_1_2, 
PVS_1_3 

Self-tripping due to 
grid voltage out of 

allowed range (+/- 10% 
of nominal) 

1 

Load and PV forecast inside Muse Grids Control 

 Run to failure Hours 
Voltage sensor at two to three places - Diagnostic 

module detects voltage related failure - take 
appropriate action 

PV Gateway: 
Raspberry Pi 

microcontroller 
board x1 

Raspberry Pi 
microcontroller 

board 
RPI_2 RPI_2_1 

Malfunction of the 
controller PLC board 

2 None None Run to failure Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of 
the system. 

Demand 
Gateway: 

Raspberry Pi 
microcontroller 

board ~x25 

Raspberry Pi 
microcontroller 

board 
RPI_3 

PRPI_3_1, 
RP1_3_2, 

to, 
RPI_3_25 

Malfunction of the 
controller PLC board 

2 None None Run to failure 

 
 
 
 
 
 
 
 
 
 



 

151 
 

8.6 Appendix F - Stage 3, Osimo Maintenance Analysis 

 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP CHP CHP Engine CHPE_1 CHPE_1_1 

total mechanical failure of 
engine or individual key 
component (e.g. cooling 
system circulation pump, 

lubrication system circulation 
pump) leading to total 

operational failure 

2 
Over-temperature 

sensor 

Likely a range of 
sensors required, 

including vibration, 
temperature, oil 

level 

Adherence to overall 
engine maintenance 
schedule, covering all 
components and sub-

systems in order to 
reduce the risk of total 

engine failure 

No access to sensors 

Osimo CHP CHP 
Engine 

management 
system 

EMS_1 EMS_1_1 
total failure of electronic 

control unit (ECU) 
1 none 

Temperature, 
electrical resistance 

sensors 

Adherence to overall 
engine maintenance 

schedule, although no 
evidence within 

schedule of 
maintenance specific 

to ECU 

No access to sensors 

Osimo CHP CHP 
Engine 

management 
system 

EMS_1 EMS_1_1 

failure of individual 
component within overall 

engine management system, 
however allowing reduced 
operation in 'safe mode' 

1 none 
Temperature, 

electrical resistance 
sensors 

Adherence to overall 
engine maintenance 
schedule, covering all 
components and sub-

systems in order to 
reduce the risk of 

individual component 
failure 

No access to sensors 

Osimo CHP CHP Governor GOV_1 GOV_1_1 total failure of governor 2 none 
Electrical resistance 

sensor 

Adherence to overall 
engine maintenance 
schedule, including 

specifically the 
governor control 

linkage, in order to 
reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP Governor GOV_1 GOV_1_1 

failure of individual 
component within overall 
governor system, however 
allowing reduced operation 

in 'safe mode' 

2 none 
Electrical resistance 

sensor 

Adherence to overall 
engine maintenance 
schedule, including 

specifically the 
governor control 

linkage, in order to 
reduce the risk of 
component failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 spark plug failure 1 none Emissions sensor 

Adherence to overall 
engine maintenance 
schedule, including 

specifically to replace 
spark plugs and check 

ignition timing, in 
order to reduce the 
risk of component 

failure 

No access to sensors 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 ignition coil failure 2 none 
Electrical resistance 

sensor 

Adherence to overall 
engine maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP Ignition system IGS_1 IGS_1_1 ignition cable failure 2 none 
Electrical resistance 

sensor 

Adherence to overall 
engine maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP Generator GENE_3 GENE_3_1 
total failure of generator (e.g. 

bearings, armature, casing 
etc) 

2 
Possible over-

temperature sensor 

Temperature, 
vibration, electrical 

resistance levels 

Adherence to overall 
maintenance 

schedule, in order to 
reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP Generator GENE_3 GENE_3_1 

failure of individual 
component within overall 

generator system, however 
allowing reduced speed 

operation 

2 
Possible over-

temperature sensor 

Temperature, 
vibration, electrical 

resistance levels 

Adherence to overall 
generator 

maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 
system circulation pump 

failure 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

cooling circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Engine 
temperature, pump 
vibration, electrical 

resistance levels 

Adherence to overall 
air cooler 

maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 control system failure 1 None 

Engine 
temperature, pump 
vibration, electrical 

resistance levels 

Adherence to overall 
air cooler 

maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP 
Air cooler 

(engine cooling 
circuits) 

EAC_1 EAC_1_1 
individual component failure, 
e.g. cooling fan motor, other 

mechanical component 
1 

Possible over-
temperature sensor 

Engine 
temperature, pump 
vibration, electrical 

resistance levels 

Adherence to overall 
air cooler 

maintenance 
schedule, in order to 

reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 failure of circulation fan 1 none 
Vibration, electrical 
resistance sensors 

Adherence to overall 
plant container 

ventilation system 
maintenance 

schedule, in order to 
reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 failure of cooling system 1 none 
Temperature, 

vibration, electrical 
resistance sensors 

Adherence to overall 
plant container 

ventilation system 
maintenance 

schedule, in order to 
reduce the risk of 
component failure 

No access to sensors 

Osimo CHP CHP 
Plant container 

ventilation 
system 

PCVS_1 PCVS_1_1 control system failure 1 none 
Electrical resistance 

sensors 

Adherence to overall 
plant container 

ventilation system 
maintenance 

schedule, in order to 
reduce the risk of 
component failure 

No access to sensors 

Osimo CHP 

Plate heat 
exchanger 

(engine 
cooling 
circuits) 

Plate heat 
exchanger 

PHE_1 PHE _1_1 
partial blockage in heat 
exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

Differential 
pressure sensor 

across heat 
exchanger, engine 

temperature 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

blockage 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

equally indicate other 
issues 

Osimo CHP 

Plate heat 
exchanger 

(engine 
cooling 
circuits) 

Plate heat 
exchanger 

PHE_1 PHE _1_1 
total blockage or other failure 
of heat exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger, engine 

temperature 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Heat 
recovery 

boiler 
(engine 
exhaust 
circuit) 

Heat recovery 
boiler 

HRWB_1 HRWB_1_1 
Failure of heat recovery 

boiler component 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing boiler circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Adherence to heat 
recovery boiler overall 

maintenance 
schedule, in order to 

reduce the risk of 
failure 

No access to sensors 

Osimo CHP 

Heat 
recovery 

boiler 
(engine 
exhaust 
circuit) 

Heat recovery 
boiler 

HRWB_1 HRWB_1_1 
Failure of heat recovery 

boiler 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing boiler circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations 

Adherence to heat 
recovery boiler overall 

maintenance 
schedule, in order to 

reduce the risk of 
failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Water to 

water heat 
pump 

Water to water 
heat pump 

WHP_1 WHP_1_1 Failure of heat pump 3 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing heat pump 
circuit temperature 
sensors, however 

unexpected changes in 
fluid temperatures 

could equally indicate 
other issues 

Differential 
pressure sensors 

across heat 
exchangers, 
temperature 

sensors at various 
locations, vibration 

sensor, electrical 
resistance sensors 

Adherence to heat 
pump overall 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Water to 

water heat 
pump 

Plate heat 
exchanger 

PHE_2 PHE_2_1 
partial blockage in heat 
exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

blockage 

No access to sensors 

Osimo CHP 
Water to 

water heat 
pump 

Plate heat 
exchanger 

PHE_2 PHE_2_1 
total blockage or other failure 
of heat exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Water Pump - 
Impeller 

WPI_1 WPI_1_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Water Pump - 
Impeller 

WPI_1 WPI_1_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Control Valves CV_1 CV_1_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Control Valves CV_1 CV_1_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Pipelines PIW_1 PIW_1_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Pipelines PIW_1 PIW_1_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_1 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

CHP h/exchs 
to thermal 

storage tank 
circulation 

pump 

Electric motor ECM_1 ECM_1_1 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
ECM_1 ECM_1_2 

failure of connections / joints 
resulting in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
ECM_1 ECM_1_3 

failure of connections / joints 
resulting in major fluid leak 

4 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Thermal 

storage tank 
Thermal 

storage tank 
THT_1 THT_1_1 failure of tank insulation 1 none 

Temperature 
sensors around 

tank 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Water Pump - 
Impeller 

WPI_2 WPI_2_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Water Pump - 
Impeller 

WPI_2 WPI_2_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Control Valves CV_1 CV_1_2 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Control Valves CV_1 CV_1_2 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Pipelines PIW_1 PIW_1_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 
sensor and visual 

inspection 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Pipelines PIW_1 PIW_1_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 
sensor and visual 

inspection 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_1 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Thermal 
storage tank 

to main 
h/exch 

circulation 
pump 

Electric motor ECM_1 ECM_1_2 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Main plate 
heat 

exchanger 
(system 

primary to 
secondary 

circuit) 

Plate heat 
exchanger 

PHE_3 PHE_3_1 
partial blockage in heat 
exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

blockage 

No access to sensors 

Osimo CHP 

Main plate 
heat 

exchanger 
(system 

primary to 
secondary 

circuit) 

Plate heat 
exchanger 

PHE_3 PHE_3_1 
total blockage or other failure 
of heat exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Water Pump - 
Impeller 

WPI_3 WPI_3_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Water Pump - 
Impeller 

WPI_3 WPI_3_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Control Valves CV_1 CV_1_3 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Control Valves CV_1 CV_1_3 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Pipelines PIW_1 PIW_1_3 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Pipelines PIW_1 PIW_1_3 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_3 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main heat 
exchanger to 

gas boilers 
circulation 

pump 

Electric motor ECM_1 ECM_1_3 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 
Gas boiler 1 

4652kW 
Gas boiler GB_1 GB_1_1 

failure of individual boiler 
component 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing temperature 

sensor on boiler 
supply circuit, 

however unexpected 
reduction in 

temperature could 
equally indicate other 

issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Visual inspection / 
adherence to boiler 

maintenance schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Control Valves CV_1 CV_1_4 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Control Valves CV_1 CV_1_4 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo CHP 
Boiler 1 

circulation 
pump 

Pipelines PIW_1 PIW_1_4 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Pipelines PIW_1 PIW_1_4 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_4 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 1 

circulation 
pump 

Electric motor ECM_1 ECM_1_4 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Gas boiler 2 

4652kW 
Gas boiler GB_1 GB_1_2 

failure of individual boiler 
component 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing temperature 

sensor on boiler 
supply circuit, 

however unexpected 
reduction in 

temperature could 
equally indicate other 

issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Visual inspection / 
adherence to boiler 

maintenance schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_2 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Water Pump - 
Impeller 

WPI_4 WPI_4_2 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Control Valves CV_1 CV_1_5 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Control Valves CV_1 CV_1_5 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo CHP 
Boiler 2 

circulation 
pump 

Pipelines PIW_1 PIW_1_5 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Pipelines PIW_1 PIW_1_5 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_5 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 2 

circulation 
pump 

Electric motor ECM_1 ECM_1_5 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 
Gas boiler 3 

4500kW 
Gas boiler GB_2 GB_2_1 

failure of individual boiler 
component 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing temperature 

sensor on boiler 
supply circuit, 

however unexpected 
reduction in 

temperature could 
equally indicate other 

issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Visual inspection / 
adherence to boiler 

maintenance schedule 
No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Water Pump - 
Impeller 

WPI_5 WPI_5_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

equally indicate other 
issues 

Osimo CHP 
Boiler 

circulation 
pump 

Water Pump - 
Impeller 

WPI_5 WPI_5_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Control Valves CV_1 CV_1_6 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Control Valves CV_1 CV_1_6 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Pipelines PIW_1 PIW_1_6 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Pipelines PIW_1 PIW_1_6 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_6 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Boiler 

circulation 
pump 

Electric motor ECM_1 ECM_1_6 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 

network) 

Pipelines PIW_1 PIW_1_7 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Main 

circulation 
pump 1 

Pipelines PIW_1 PIW_1_7 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

(district heat 
network) 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 

network) 

Electric motor 
control panel 

EMCP_1 EMCP_1_7 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main 
circulation 

pump 1 
(district heat 

network) 

Electric motor ECM_1 ECM_1_7 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_2 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_2 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 

network) 

Pipelines PIW_1 PIW_1_8 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Main 

circulation 
pump 2 

Pipelines PIW_1 PIW_1_8 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

(district heat 
network) 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 

network) 

Electric motor 
control panel 

EMCP_1 EMCP_1_8 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main 
circulation 

pump 2 
(district heat 

network) 

Electric motor ECM_1 ECM_1_8 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_3 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

network) 

Water Pump - 
Impeller 

WPI_6 WPI_6_3 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

network) 

Pipelines PIW_1 PIW_1_9 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 
Main 

circulation 
pump 3 

Pipelines PIW_1 PIW_1_9 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

(district heat 
network) 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

network) 

Electric motor 
control panel 

EMCP_1 EMCP_1_9 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Main 
circulation 

pump 3 
(district heat 

network) 

Electric motor ECM_1 ECM_1_9 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Water Pump - 
Impeller 

WPI_7 WPI_7_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Water Pump - 
Impeller 

WPI_7 WPI_7_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Pipelines PIW_1 PIW_1_10 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Pipelines PIW_1 PIW_1_10 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Electric motor 
control panel 

EMCP_1 EMCP_1_10 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 1 

Electric motor ECM_1 ECM_1_10 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Water Pump - 
Impeller 

WPI_7 WPI_7_2 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Water Pump - 
Impeller 

WPI_7 WPI_7_2 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Pipelines PIW_1 PIW_1_11 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Pipelines PIW_1 PIW_1_11 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Electric motor 
control panel 

EMCP_1 EMCP_1_11 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 2 

Electric motor ECM_1 ECM_1_11 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Water Pump - 
Impeller 

WPI_8 WPI_8_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Water Pump - 
Impeller 

WPI_8 WPI_8_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Adherence to 
maintenance 

schedule, in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Pipelines PIW_1 PIW_1_12 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Pipelines PIW_1 PIW_1_12 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Electric motor 
control panel 

EMCP_1 EMCP_1_12 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

Pumping 
Station - 

circulation 
pump 3 

Electric motor ECM_1 ECM_1_12 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Adherence to motor 
maintenance schedule 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 1 

Plate heat 
exchanger 

PHE_4 PHE_4_1 
partial blockage in heat 
exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

blockage 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 1 

Plate heat 
exchanger 

PHE_4 PHE_4_1 
total blockage or other failure 
of heat exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

failure 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 2 

Plate heat 
exchanger 

PHE_4 PHE_4_2 
partial blockage in heat 
exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

blockage 

No access to sensors 

Osimo CHP 

Pumping 
Station - 

plate heat 
exchanger 2 

Plate heat 
exchanger 

PHE_4 PHE_4_2 
total blockage or other failure 
of heat exchanger primary or 

secondary circuits (plates) 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Differential 
pressure sensor 

across heat 
exchanger 

Adherence to overall 
system maintenance 
schedule (e.g. clean 

strainers), in order to 
reduce the risk of 

failure 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo CHP 

flow & 
return 

pipework, 
valves 

Pipelines PIW_1 PIW_1_13 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing flow or 
temperature sensors. 

Distributed acoustic 
and fibre optic 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

flow & 
return 

pipework, 
valves 

Pipelines PIW_1 PIW_1_13 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing flow or 
temperature sensors. 

Distributed acoustic 
and fibre optic 

sensors 

Visual inspection as 
per maintenance 

schedule 
No access to sensors 

Osimo CHP 

flow & 
return 

pipework, 
valves 

Valves CV_7 CV_7_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing flow or 
temperature sensors. 

Pressure, 
temperature and  

travel sensors 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 

flow & 
return 

pipework, 
valves 

Valves CV_7 CV_7_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing flow or 
temperature sensors. 

Pressure, 
temperature and  

travel sensors 

Visual inspection as 
per maintenance 

schedule / 
replacement of valve 

and actuator at 
specified time period 

No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 Failure of the active element 3 OTI/WTI 

OTI/WTI and Online 
oil analysis 

Replace oil or replace 
transformer 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 Failure of the bushings 2 None 

Online electrical 
testing 

Replacement of 
Bushings 

No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Transformer 
TX_1 TX_1_1 Failure of the tap changer 2 None Online oil analysis 

Replacement of Tap 
Changer 

No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Circuit breaker fails to open 
as required 

3 
Operation, trip 

counting 
Trip time analysis 

Routinely grease and 
operate the circuit 

breaker 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Circuit breaker fails to close 
as required 

2 
Operation, trip 

counting 
Trip time analysis 

Routinely grease and 
operate the circuit 

breaker 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 

Circuit breaker breakdown  of 
the current carrying elements 

or insulation 
3 

Operation, trip 
counting 

Trip time analysis 
Routine visual 
inspection and 
replacement 

No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV 

Switchboard 
HVSWB_1 HVSWB_1_1 Busbar failure 3 None 

PD analysis + Gas 
density + 

temperature 
sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Termination failure 2 None 

PD , pressure and 
temperature 

sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Cable Fault 2 None PD, DTS and DAS Run to failure No access to sensors 

Osimo CHP 
Electrical 

Distribution 
HV Cables HVCAB_1 HVCAB_1_1 Insulation deterioration 3 None PD and DTS Analysis Run to failure No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Circuit breaker fails to open 
as required 

3 
Operation, trip 

counting 
Operation, trip 

counting 

Routinely grease and 
operate the circuit 

breaker 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Circuit breaker fails to close 
as required 

3 None None 
Circuit breaker fails to 

close as required 
No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 

Circuit breaker breakdown  of 
the current carrying elements 

or insulation 
3 None None 

Circuit breaker 
breakdown  of the 

current carrying 
elements or insulation 

No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Switchboard LVSWB_1 LVSWB_1_2 Busbar failure 3 None None Busbar failure No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Termination failure 1 None Temperature Termination failure No access to sensors 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Cable Fault 1 None IR testing Cable Fault No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo CHP 
Electrical 

Distribution 
LV Cables LVCAB_1 LVCAB_1_2 Insulation deterioration 1 None IR testing 

Insulation 
deterioration 

No access to sensors 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 Cell short circuit 1 None Current sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 

Cell degradation due 
corrosion etc. 

1 None Don't know 
Scheduled 

replacement of 
affected cells 

No access to sensors 

Osimo CHP PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_1 

By-pass diode failure due to 
over heating (typically due to 

under sizing) 
1 None 

thermal 
sensor/current 

sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 IGBT failure 2 None 
Current sensor or 

built in IGBT on/off 
test 

IGBT Replacement No access to sensors 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 
Module level control system 
motherboard (/or software) 

failure 
2 None 

Self testing in built 
code 

Checking / 
Replacement of 

processor 
No access to sensors 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 
Main control system 

motherboard (/or software) 
failure 

2 None 
Self testing in built 

code 

Replacement of 
Internal cooling 

system 
No access to sensors 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 
Internal cooling system 

failure  - such as heat sink 
2 None 

Temperature 
sensor 

Replacement after 
failure 

No access to sensors 

Osimo CHP PV Plant Inverter INV_1 INV_1_1 
Self tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

2 
Voltage measurement 
through kWH device 

Voltage sensors None Hours 

Osimo CHP PV Plant DC Cables DCC_1 DCC_1_1 
Short circuit on DC string 

cable 
2 

Voltage sensor but not 
accessible for outside 

process 

partial discharge 
sensor on DC cable 

Connecting back after 
the grid voltage 
reaches nominal 

No access to sensors 

Osimo CHP PV Plant DC Cables DCC_1 DCC_1_1 
Protection (such as fuse, load 

breaker) failure 
2 None None 

Check / Replace the 
communication 

channels 
No access to sensors 

Osimo CHP PV Plant LV Cables LVCAB_2 LVCAB_2_1 AC cable damage 2 None 
partial discharge 

sensor on DC cable 
Check / Reduction of 

load 
No access to sensors 

Osimo CHP PV Plant LV Cables LVCAB_2 LVCAB_2_1 AC protection failure 2 None None Fault Clearance No access to sensors 

Osimo CHP PV Plant 
DC Control 

Panel 
DCCP_1 DCCP_1_1 

Hardware (motherboard) 
failure 

2 None none Fault Clearance No access to sensors 

Osimo CHP PV Plant 
DC Control 

Panel 
DCCP_1 DCCP_1_1 Software failure 2 None 

built in self testing 
code 

Check AC cable No access to sensors 

Osimo CHP PV Plant 
AC Control 

panels 
ACCP_1 ACCP_1_2 

Hardware (motherboard) 
failure 

2 None none 
Check/Replace the 

control panel 
No access to sensors 

Osimo CHP PV Plant 
AC Control 

panels 
ACCP_1 ACCP_1_2 Software failure 2 None 

built in self testing 
code 

Check/Replace the 
control panel 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 Failure of the active element 1 OTI/WTI 
OTI/WTI and Online 

oil analysis 
Replace oil or replace 

transformer 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 Failure of the bushings 1 None 
Online electrical 

testing 
Replacement of 

Bushings 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_1 Failure of the tap changer 1 None Online oil analysis 
Replacement of Tap 

Changer 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Circuit breaker fails to open 

as required 
4 

Operation, trip 
counting 

Trip time analysis 
Routinely grease and 

operate the circuit 
breaker 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Circuit breaker fails to close 

as required 
4 

Operation, trip 
counting 

Trip time analysis 
Routinely grease and 

operate the circuit 
breaker 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 
Circuit breaker breakdown of 
the current carrying elements 

or insulation 
4 

Operation, trip 
counting 

Trip time analysis 
Routine visual 
inspection and 
replacement 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_2 Busbar failure 4 None 

PD analysis + Gas 
density + 

temperature 
sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Termination failure 3 None 
PD , pressure and 

temperature 
sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo 
Padiglione 

Water 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Cable Fault 3 None PD, DTS and DAS Run to failure No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_2 Insulation deterioration 3 None PD and DTS Analysis Run to failure No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Circuit breaker fails to open 

as required 
4 

Operation, trip 
counting 

Operation, trip 
counting 

Routinely grease and 
operate the circuit 

breaker 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Circuit breaker fails to close 

as required 
4 None None 

Circuit breaker fails to 
close as required 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 
Circuit breaker breakdown of 
the current carrying elements 

or insulation 
4 None None 

Circuit breaker 
breakdown of the 
current carrying 

elements or insulation 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_2 Busbar failure 4 None None Busbar failure No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Termination failure 3 None Temperature Termination failure No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Cable Fault 3 None IR testing Cable Fault No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_2 Insulation deterioration 3 None IR testing 
Insulation 

deterioration 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 Cell short circuit 1 None Current sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 

Cell degradation due 
corrosion etc. 

1 None Don't know 
Scheduled 

replacement of 
affected cells 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
Photo Voltaic 

Modules 
PV_1 PV_1_2 

By-pass diode failure due to 
overheating (typically due to 

under sizing) 
1 None 

thermal 
sensor/current 

sensor 

Scheduled 
replacement of By-

pass diode 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 IGBT failure 1 None 
Current sensor or 

built in IGBT on/off 
test 

IGBT Replacement No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 
Module level control system 
motherboard (/or software) 

failure 
1 None 

Self-testing in built 
code 

Checking / 
Replacement of 

processor 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 
Main control system 

motherboard (/or software) 
failure 

1 None 
Self-testing in built 

code 

Replacement of 
Internal cooling 

system 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 
Internal cooling system 

failure - such as heat sink 
1 None 

Temperature 
sensor 

Replacement after 
failure 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant Inverter INV_1 INV_1_2 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

1 
Voltage measurement 
through kWH device 

Voltage sensors 
Connecting back after 

the grid voltage 
reaches nominal 

Hours 

Osimo 
Padiglione 

Water 
PV Plant DC Cables DCC_1 DCC_1_2 

Short circuit on DC string 
cable 

1 
Voltage sensor but not 
accessible for outside 

process 

partial discharge 
sensor on DC cable 

Connecting back after 
the grid voltage 
reaches nominal 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant DC Cables DCC_1 DCC_1_2 
Protection (such as fuse, load 

breaker) failure 
1 None None 

Check / Replace the 
communication 

channels 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant LV Cables LVCAB_3 LVCAB_3_1 AC cable damage 1 None 
partial discharge 

sensor on DC cable 
Check / Reduction of 

load 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant LV Cables LVCAB_3 LVCAB_3_1 AC protection failure 1 None None Fault Clearance No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 

Hardware (motherboard) 
failure 

1 None none Fault Clearance No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 Software failure 1 None 

built in self testing 
code 

Check AC cable No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 

Hardware (motherboard) 
failure 

1 None none 
Check/Replace the 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

PV Plant 
AC/DC Control 

Panel 
DCCP_1 DCCP_1_3 Software failure 1 None 

built in self testing 
code 

Check/Replace the 
control panel 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_7 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_7 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_14 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 None 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_14 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 None 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_13 
failure of individual 

components or connections 
within control panel 

3 None 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (1 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor ECM_1 ECM_1_13 failure of electric motor 3 None 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_2 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_2 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_8 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Control Valves CV_1 CV_1_8 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Pipelines PIW_1 PIW_1_15 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 

Pump 1 - 15 
kW (2 of 2) 

Pipelines PIW_1 PIW_1_15 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

 Flow rate of 
38.58 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_14 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 1 - 15 
kW (2 of 2) 

 Flow rate of 
38.58 m3/h 

Electric motor ECM_1 ECM_1_14 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_10 WPI_10_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_10 WPI_10_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_2 CV_2_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_2 CV_2_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_2 PIW_2_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_2 PIW_2_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor 
control panel 

EMCP_2 EMCP_2_1 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (1 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor ECM_2 ECM_2_1 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_11 WPI_11_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Water Pump - 
Impeller 

WPI_11 WPI_11_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_3 CV_3_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Control Valves CV_3 CV_3_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 



 

187 
 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_3 PIW_3_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Pipelines PIW_3 PIW_3_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor 
control panel 

EMCP_3 EMCP_3_1 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 2 - 
18.5 kW (2 

of 2) 
 flow rate of 
22.24 m3/h 

Electric motor ECM_3 ECM_3_1 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_3 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_3 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_9 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_9 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_16 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 

Pump 3 - 11 
kW (1 of 2) 

Pipelines PIW_1 PIW_1_16 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

 flow rate of 
8.8 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_15 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (1 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor ECM_1 ECM_1_15 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_4 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Water Pump - 
Impeller 

WPI_9 WPI_9_4 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_10 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 



 

190 
 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Control Valves CV_1 CV_1_10 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_17 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Pipelines PIW_1 PIW_1_17 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor 
control panel 

EMCP_1 EMCP_1_16 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 3 - 11 
kW (2 of 2) 

 flow rate of 
8.8 m3/h 

Electric motor ECM_1 ECM_1_16 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Water Pump - 
Impeller 

WPI_12 WPI_12_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Water Pump - 
Impeller 

WPI_12 WPI_12_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Control Valves CV_4 CV_4_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Control Valves CV_4 CV_4_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Pipelines PIW_4 PIW_4_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Pipelines PIW_4 PIW_4_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Electric motor 
control panel 

EMCP_4 EMCP_4_1 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 4 - 160 
kW (1nos) 

200kW(1nos) 
- back up 

 flow rate of 
121.5 m3/h 

Electric motor ECM_4 ECM_4_1 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Water Pump - 
Impeller 

WPI_13 WPI_13_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 



 

193 
 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Water Pump - 
Impeller 

WPI_13 WPI_13_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Control Valves CV_5 CV_5_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Control Valves CV_5 CV_5_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Pipelines PIW_5 PIW_5_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Padiglione 

Water 

Pump 5 - 51 
kW (1nos) 

Pipelines PIW_5 PIW_5_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

 flow rate of 
19.87 m3/h 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Electric motor 
control panel 

EMCP_5 EMCP_5_1 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Padiglione 

Water 
Pumping 
Station 

Pump 5 - 51 
kW (1nos) 

 flow rate of 
19.87 m3/h 

Electric motor ECM_5 ECM_5_1 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 Failure of the active element 1 OTI/WTI 
OTI/WTI and Online 

oil analysis 
Replace oil or replace 

transformer 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 Failure of the bushings 1 None 
Online electrical 

testing 
Replacement of 

Bushings 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Transformer 

TX_2 TX_2_2 Failure of the tap changer 1 None Online oil analysis 
Replacement of Tap 

Changer 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Circuit breaker fails to open 

as required 
4 

Operation, trip 
counting 

Trip time analysis 
Routinely grease and 

operate the circuit 
breaker 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Circuit breaker fails to close 

as required 
4 

Operation, trip 
counting 

Trip time analysis 
Routinely grease and 

operate the circuit 
breaker 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 
Circuit breaker breakdown of 
the current carrying elements 

or insulation 
4 

Operation, trip 
counting 

Trip time analysis 
Routine visual 
inspection and 
replacement 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV 
Switchboard 

HVSWB_1 HVSWB_1_3 Busbar failure 4 None 

PD analysis + Gas 
density + 

temperature 
sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Termination failure 3 None 
PD, pressure and 

temperature 
sensors 

Routine cleaning and 
visual inspection.  

Replace as required 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Cable Fault 3 None PD, DTS and DAS Run to failure No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

HV Cables HVCAB_1 HVCAB_1_3 Insulation deterioration 3 None PD and DTS Analysis Run to failure No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Circuit breaker fails to open 

as required 
4 

Operation, trip 
counting 

Operation, trip 
counting 

Routinely grease and 
operate the circuit 

breaker 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Circuit breaker fails to close 

as required 
4 None None 

Circuit breaker fails to 
close as required 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 
Circuit breaker breakdown  of 
the current carrying elements 

or insulation 
4 None None 

Circuit breaker 
breakdown  of the 

current carrying 
elements or insulation 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Switchboard LVSWB_1 LVSWB_1_3 Busbar failure 4 None None Busbar failure No access to sensors 

Osimo 
Campocavallo 

Water 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Termination failure 3 None Temperature Termination failure No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Cable Fault 3 None IR testing Cable Fault No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Electrical 
Distribution 

LV Cables LVCAB_1 LVCAB_1_3 Insulation deterioration 3 None IR testing 
Insulation 

deterioration 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 Cell short circuit 1 None Current sensor 
Scheduled 

replacement of 
affected cells 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 
Cell degradation due 

corrosion etc. 
1 None Don't know 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Photo Voltaic 
Modules 

PV_1 PV_1_3 
By-pass diode failure due to 
overheating (typically due to 

under sizing) 
1 None 

thermal 
sensor/current 

sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 IGBT failure 1 None 
Current sensor or 

built in IGBT on/off 
test 

IGBT Replacement No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 
Communication error 

between the processors 
1 None 

Self-testing in built 
code 

Checking / 
Replacement of 

processor 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

1 None 
Self-testing in built 

code 

Replacement of 
Internal cooling 

system 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

1 None 
Temperature 

sensor 
Replacement after 

failure 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

Inverter INV_1 INV_1_3 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

1 
Voltage measurement 
through kWH device 

Voltage sensors 
Connecting back after 

the grid voltage 
reaches nominal 

Hours 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Cables DCC_1 DCC_1_3 
Short circuit on DC string 

cable 
1 

Voltage sensor but not 
accessible for outside 

process 

partial discharge 
sensor on DC cable 

Connecting back after 
the grid voltage 
reaches nominal 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Cables DCC_1 DCC_1_3 
Storage unit communication 

or 
connection is lost. 

1 None None 
Check / Replace the 

communication 
channels 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

LV Cables LVCAB_2 LVCAB_2_2 Overloading / Overcurrent 1 None 
partial discharge 

sensor on DC cable 
Check / Reduction of 

load 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

LV Cables LVCAB_2 LVCAB_2_2 
Short circuit on DC string 

cable 
1 None None Fault Clearance No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Control 
Panel 

DCCP_1 DCCP_1_3 AC cable damage 1 None none Fault Clearance No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

DC Control 
Panel 

DCCP_1 DCCP_1_3 AC protection failure 1 None 
built in self testing 

code 
Check AC cable No access to sensors 

Osimo 
Campocavallo 

Water 

PV Plant 
15.08 kW 

AC Control 
panels 

ACCP_1 ACCP_1_4 
Hardware (motherboard) 

failure 
1 None none 

Check/Replace the 
control panel 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

PV Plant 
15.08 kW 

AC Control 
panels 

ACCP_1 ACCP_1_4 Software failure 1 None 
built in self testing 

code 
Check/Replace the 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_1 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_1 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_1 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_1 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_1 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_1 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_1 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (1 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_1 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_2 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_2 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_2 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_2 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_2 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 

Pump 1 - 200 
kW (2 of 3) 

Pipelines PIW_6 PIW_6_2 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 



 

201 
 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Pumping 
Station 

 Flow rate of 
162 m3/h 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_2 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (2 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_2 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_3 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Water Pump - 
Impeller 

WPI_14 WPI_14_3 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_3 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Control Valves CV_6 CV_6_3 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_3 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Pipelines PIW_6 PIW_6_3 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Electric motor 
control panel 

EMCP_6 EMCP_6_3 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 1 - 200 
kW (3 of 3) 

 Flow rate of 
162 m3/h 

Electric motor ECM_6 ECM_6_3 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_5 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_5 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_11 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_11 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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changes in fluid 
temperatures could 

equally indicate other 
issues 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_18 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_18 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Electric motor 
control panel 

EMCP_1 EMCP_1_17 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (1 of 2) 

 Not in 
service now 

Electric motor ECM_1 ECM_1_17 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_6 
damage to impellor, however 

allowing fluid flow 
2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Water Pump - 
Impeller 

WPI_9 WPI_9_6 failure of impellor 2 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_12 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Control Valves CV_1 CV_1_12 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Pipelines PIW_1 PIW_1_19 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo 
Campocavallo 

Water 

Pump 2 - 15 
kW (2 of 2) 

Pipelines PIW_1 PIW_1_19 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 
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Pumping 
Station 

 Not in 
service now 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Electric motor 
control panel 

EMCP_1 EMCP_1_18 
failure of individual 

components or connections 
within control panel 

3 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

Pump 2 - 15 
kW (2 of 2) 

 Not in 
service now 

Electric motor ECM_1 ECM_1_18 failure of electric motor 3 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Cell thermal runaway 
(exothermic chemical 

reaction) 
3 None 

Cell temperature 
monitor 

Scheduled 
replacement of 

battery racks 
Seconds 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Cell thermal runaway 
(exothermic chemical 

reaction) 
3 None 

Cell temperature 
monitor 

Scheduled 
replacement of 

battery racks 
Minutes 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Cell thermal runaway 
(exothermic chemical 

reaction) 
3 

SoC -
'batteryStateOfCharge'  

can be read through 
comms 

Cell temperature 
monitor 

Scheduled 
replacement of 

battery racks 
No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Loss of capacity and 

increased internal impedance 
due to aging/failure of cells 

1 None SoH indicator 
Scheduled 

replacement of 
battery racks 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
Loss of capacity and 

increased internal impedance 
due to aging/failure of cells 

1 None 
Cell voltage 

measurement 

Scheduled 
replacement of 

battery racks 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 
General Battery Management 

System fault 
3 None 

built in self testing 
code 

Check/Replace the 
BMS 

No access to sensors 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Battery racks BB_1 BB_1_1 Battery voltages low / high 3 
Battery voltage 'vbat' 

can be read from 
comms 

Voltage sensors 
Boost 

Charging/Replacement 
of the battery 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 IGBT failure 3 None 
built in self testing 

code 
Replace IGBT Months 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 
Communication between 
microcontrollers is failed. 

3 None None 
Check / Replace the 

communication 
channels 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

3 
inverter temperature - 

'temp' can be read 
from comms 

Temperature 
sensor 

Replacement after 
failure 

This sensor installed within 
the system would be unable 
to predict if the heatsink was 

deteriorating. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

3 
inverter temperature - 

'temp' can be read 
from comms 

Voltage sensors None 

The temperature sensors 
installed within the system 

would be unable to predict if 
the heatsink was 

deteriorating. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

3 

voltage measurement 
at connection point: 

'vbus' can be read 
from comms 

Voltage sensors 
Connecting back after 

the grid voltage 
reaches nominal 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 
Battery communication or 

connection is lost. 
3 none none 

Check / Replace the 
communication 

channels 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Inverter INV_2 INV_2_1 Overloading 3 

inverter ac current 
measurement - 'iac' 

can be read from 
comms 

none 
Check / Reduction of 

load 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 DC bus fault 3 None None Fault Clearance 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 

Fuse failure (inadequate 
design). 

3 None None Fuse Replacement 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the fuse.  Installing a 
dynamic sensor for a 

protective device would not 
be economically or 
technically viable. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

DC bus system 
and DC 

protection 
DCB_1 DCB_1_1 

DC capacitor failure 
(inadequate design) 

3 
vbat' can be red from 

comms 
None Capacitor replacement 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the capacitors. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

SBMS (internal 
battery 

management 
system) 

SBMS_1 SBMS_1_1 

Main failure mode would be 
the loss of comms to internal 

components and/or EMS. 
This could be due to 

hardware (PCB) failure or 
software failure. 

3 none none Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Engine 
management 

system 
EMS_2 EMS_2_1 

Main failure mode would be 
the loss of comms to Muse 
Grids cloud. This could be 

due to hardware (PCB) failure 
or software failure. 

3 none none Run to failure 

Alarms are in place to 
indicate that a failure had 

occurred, however there is 
no system in place to 

monitor the condition of the 
system. 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

HVAC HVAC_1 HVAC_1_1 HVAC system malfunction 3 none 
battery room 
temperature 

monitor 

Routine maintenance 
and replacement 

Temperature alarms are in 
place to indicate that there 

has been a rise in 
temperature in the rooms 
the HVAC are operating, 

however there is no system 
in place to monitor the 
condition of the HVAC 

system. 
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Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Fire detection 
and 

suppression 
system 

FDSS_1 FDSS_1_1 
Fire detection system 

malfunction. 
3 None None 

Maintain and inspect 
as per OEM guidelines 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Fire detection 
and 

suppression 
system 

FDSS_1 FDSS_1_1 
Fire control system 

malfunction. 
3 None None 

Maintain and inspect 
as per OEM guidelines 

No access to sensors 

Osimo 
Campocavallo 

Water 
Pumping 
Station 

BESS 16.8 
kWh (2) 

Communication 
devices 

CD_2 CD_2_1 
Enables connection to BESS 

from external system such as 
Muse Grids control system 

3 None None Run to failure 

There are alarms in the 
system indicating 

communication failure. 
Unfortunately, there is no 
system in place to monitor 

the condition of the system. 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(1 of 4) 
Electric Boiler EB_1 EB_1_1 Heating element failure 1 None 

Electrical current 
level sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(1 of 4) 
Electric Boiler EB_1 EB_1_1 Electric Component failure 1 None 

Vibration, electrical 
current level 

sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_1 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_1 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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equally indicate other 
issues 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_1 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_1 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_1 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_1 failure of electric motor 1 none 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(2 of 4) 
Electric Boiler EB_1 EB_1_2 Heating element failure 1 None 

Electrical resistance 
sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(2 of 4) 
Electric Boiler EB_1 EB_1_2 Electric Component failure 1 None 

Vibration, electrical 
resistance sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_2 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_2 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_2 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_2 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_2 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_2 failure of electric motor 1 none 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(3 of 4) 
Electric Boiler EB_1 EB_1_3 Heating element failure 1 None 

Electrical resistance 
sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(3 of 4) 
Electric Boiler EB_1 EB_1_3 Electric Component failure 1 None 

Vibration, electrical 
resistance sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_3 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_3 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_3 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 None 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_3 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 None 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_3 
failure of individual 

components or connections 
within control panel 

1 None 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_3 failure of electric motor 1 None 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(4 of 4) 
Electric Boiler EB_1 EB_1_4 Heating element failure 1 None 

Electrical resistance 
sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Electric 
Boilers -1500 

W(4 of 4) 
Electric Boiler EB_1 EB_1_4 Electric Component failure 1 None 

Vibration, electrical 
resistance sensors 

Check/replacement of 
boilers 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_4 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Water Pump - 
Impeller 

WPI_15 WPI_15_4 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_4 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Pipelines PIW_7 PIW_7_4 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 

Electric motor 
control panel 

EMCP_6 EMCP_6_4 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 
circulation 

pump 
Electric motor ECM_7 ECM_7_4 failure of electric motor 1 none 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 Cell short circuit 1 None 
Electrical resistance 

sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 
Cell degradation due 

corrosion etc. 
1 None Don't know 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Photo Voltaic 
Modules 

PV_2 PV_2_1 
By-pass diode failure due to 
overheating (typically due to 

under sizing) 
2 None 

thermal 
sensor/current 

sensor 

Scheduled 
replacement of 
affected cells 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 IGBT failure 2 None 
Current sensor or 

built in IGBT on/off 
test 

IGBT Replacement No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Module level control system 
motherboard (/or software) 

failure 
2 None 

Self-testing in built 
code 

Checking / 
Replacement of 

processor 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Main control system 

motherboard (/or software) 
failure 

2 None 
Self-testing in built 

code 

Replacement of 
Internal cooling 

system 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

2 None 
Temperature 

sensor 
Replacement after 

failure 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

2 
Voltage measurement 
through kWH device 

Voltage sensors 
Connecting back after 

the grid voltage 
reaches nominal 

Hours 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

2 
Voltage sensor but not 
accessible for outside 

process 

partial discharge 
sensor on DC cable 

Connecting back after 
the grid voltage 
reaches nominal 

Hours 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 
Storage unit communication 

or 
connection is lost. 

2 None None 
Check / Replace the 

communication 
channels 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_1 Overloading / Overcurrent 2 None Current sensor 
Check / Reduction of 

load 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 IGBT failure 2 None None IGBT Replacement No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 
Communication error 

between the processors 
2 None none 

Checking / 
Replacement of 

processor 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

2 None 
built in self testing 

code 

Replacement of 
Internal cooling 

system 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 
Internal cooling system 

failure (not HVAC which is 
external) - heat sink 

2 None 
Temperature 

sensor 
Replacement after 

failure 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 
Self-tripping due to grid 

voltage out of allowed range 
(+/- 10% of nominal) 

2 
Voltage measurement 
through kWH device 

Voltage sensors 
Connecting back after 

the grid voltage 
reaches nominal 

Hours 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 
Storage unit communication 

or 
connection is lost. 

2 None None 
Check / Replace the 

communication 
channels 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

Inverter INV_3 INV_3_2 Overloading / Overcurrent 2 None Current sensor 
Check / Reduction of 

load 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Cables DCC_2 DCC_2_1 
Short circuit on DC string 

cable 
2 None 

partial discharge 
sensor on DC cable 

Fault Clearance No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

LV Cables LVCAB_1 LVCAB_1_4 AC cable damage 2 None 
partial discharge 

sensor on DC cable 
Fault Clearance No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

LV Cables LVCAB_1 LVCAB_1_4 AC protection failure 2 None none Check AC cable No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Control 
Panel 

DCCP_1 DCCP_1_4 
Hardware (motherboard) 

failure 
2 None None 

Check/Replace the 
control panel 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

DC Control 
Panel 

DCCP_1 DCCP_1_4 Software failure 2 None 
built in self testing 

code 
Check/Replace the 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

AC Control 
panels 

ACCP_1 ACCP_1_5 
Hardware (motherboard) 

failure 
2 None None 

Repair/replace 
following failure 

No access to sensors 

Osimo Astea 
Headquarters 

PV Plant 31.4 
kW 

AC Control 
panels 

ACCP_1 ACCP_1_5 Software failure 2 None None 
Repair/replace 

following failure 
No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

Gas Boilers 1 
-580 kWth  

 (One as back 
up) 

Gas boiler GB_3 GB_3_1 
failure of individual boiler 

component 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing temperature 

sensor on boiler 
supply circuit, 

however unexpected 
reduction in 

temperature could 
equally indicate other 

issues 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Check/Replace the 
boiler 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_7 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_7 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Control Valve CV_1 CV_1_13 

failure of control valve or 
actuator, however allowing 

fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

however unexpected 
changes in fluid 

temperatures could 
equally indicate other 

issues 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Control Valve CV_1 CV_1_13 

failure of control valve or 
actuator, no fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Pipelines PIW_1 PIW_1_20 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 None 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Pipelines PIW_1 PIW_1_20 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 None 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_19 
failure of individual 

components or connections 
within control panel 

1 None 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 1 
circulation 

pump 
Electric motor ECM_1 ECM_1_19 failure of electric motor 1 None 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

Gas Boilers 2 
-580 kWth  

 (One as back 
up) 

Gas boiler GB_4 GB_4_1 
failure of individual boiler 

component 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing temperature 

sensor on boiler 
supply circuit, 

however unexpected 
reduction in 

temperature could 

Differential 
pressure sensors 
across boiler heat 

exchanger, 
temperature 

sensors at various 
locations, exhaust 

flue CO sensor 

Check/Replace the 
boiler 

No access to sensors 



 

217 
 

Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

equally indicate other 
issues 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_8 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Water Pump - 
Impeller 

WPI_9 WPI_9_8 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Control Valve CV_1 CV_1_14 

failure of control valve or 
actuator, however allowing 

fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Control Valve CV_1 CV_1_14 

failure of control valve or 
actuator, no fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Pipelines PIW_1 PIW_1_21 

failure of pipework 
connections / joints resulting 

in minor fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Pipelines PIW_1 PIW_1_21 

failure of pipework 
connections / joints resulting 

in major fluid leak 
1 none 

fluid leak detection 
sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 

Electric motor 
control panel 

EMCP_1 EMCP_1_20 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Boiler 2 
circulation 

pump 
Electric motor ECM_1 ECM_1_20 failure of electric motor 1 none 

Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Heating coil HC_1 HC_1_1 Heating element failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing 
heating/cooling circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger (coil) 

Heating element 
replacement 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Cooling coil CC_1 CC_1_1 Cooling element failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing 
heating/cooling circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Differential 
pressure sensor 

across heat 
exchanger (coil) 

Cooling element 
replacement 

No access to sensors 

Osimo Astea 
Headquarters 

Air Handling 
Unit 

Supply fans SUPF_1 SUPF_1_1 Supply Fan failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing conditioned 
space temperature 
sensors, however 

unexpected changes in 
fluid temperatures 

could equally indicate 
other issues 

Vibration, electrical 
resistance sensors 

Supply Fan 
replacement 

No access to sensors 

Osimo Astea 
Headquarters 

Refrigeration 
Unit 

Compressor Comp_1 Comp_1_1 Compressor failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing conditioned 
space temperature 
sensors, however 

unexpected changes in 
fluid temperatures 

could equally indicate 
other issues 

Temperature of the 
space, vibration 

sensor 

Replacement of 
refrigeration unit 

No access to sensors 

Osimo Astea 
Headquarters 

Refrigeration 
Unit 

Expansion 
Valves 

EV_1 EV_1_1 Expansion valve failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing conditioned 
space temperature 

Differential 
pressure sensor 

across expansion 
valve 

Replacement of 
refrigeration unit 

No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

sensors, however 
unexpected changes in 

fluid temperatures 
could equally indicate 

other issues 

Osimo Astea 
Headquarters 

Central 
control 
system 

Control unit CCU_1 CCU_1_1 Malfunction 1 None None 
Check/replace control 

unit 
No access to sensors 

Osimo Astea 
Headquarters 

Central 
control 
system 

HMI HMI_1 HMI_1_1 HMI Failure 1 None None Replace HMI No access to sensors 

Osimo Astea 
Headquarters 

Central 
control 
system 

Communication 
devices 

CD_1 CD_1_1 Communication failures 1 None None 
Replace 

communication device 
when failure occurs 

No access to sensors 

Osimo Astea 
Headquarters 

Air 
conditioner 

Compressor Comp_2 Comp_2_1 Compressor failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing conditioned 
space temperature 
sensors, however 

unexpected changes in 
fluid temperatures 

could equally indicate 
other issues 

Temperature of the 
space, vibration 

sensor 
Replacement of AC No access to sensors 

Osimo Astea 
Headquarters 

Air 
conditioner 

Expansion 
Valves 

EV_2 EV_2_1 Expansion valve failure 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 
existing conditioned 
space temperature 
sensors, however 

unexpected changes in 
fluid temperatures 

could equally indicate 
other issues 

Differential 
pressure sensor 

across expansion 
valve 

Replacement of AC No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Electrical 
heating 
element 

GDEE_1 GDEE_1_1 Malfunction 2 Temperature 

Sensor to detect 
change in 

resistance of 
element 

Adherence to storage 
heater maintenance 
schedule, receipt of 

additional data 
indicating reduced 
charging capacity 

Temperature sensors were 
incorporated in the system.  
The sensors associated with 

these systems could be 
utilised to monitor the 

condition of the electrical 
element, however it was 
deemed that the risk of 

failure was low so further 
investigation was not 

undertaken 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Thermostat THST_1 THST_1_1 

Thermostat is broken or 
connection between 

thermostat and boiler is 
broken 

2 Temperature None 
Adherence to storage 
heater maintenance 

schedule 

Temperature sensors and 
thermistor hardware fault 

alarm were incorporated in 
the system.  The sensors 

associated with these 
systems could not be utilised 
to monitor the condition of 

the thermostat 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Charge 
controller & 
transceiver 

CHC_1 CHC_1_1 Malfunction 2 none None 
Adherence to storage 
heater maintenance 

schedule 

Wireless comms module 
error alarms are 

incorporated in the system.   
The sensors associated with 
these systems could not be 

utilised to monitor the 
condition of the charge 
controller or transceiver 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Dimplex hub DH_1 DH_1_1 
Hub microcontroller 

malfunction 
2 none None 

Adherence to storage 
heater maintenance 

schedule 

Hub connection error alarms 
are incorporated in the 
system.   The sensors 
associated with these 

systems could not be utilised 
to monitor the condition of 

the microcontroller 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

GlenDimplex 
 Space 

Heating (2) 
Thermal 
storage 
space 

heaters 
Storage 
Capacity 

15540 Wh 

Heat supply fan HSF_1 HSF_1_1 Malfunction 2 Temperature 

Sensor to detect 
change in 

resistance of motor, 
vibration sensor 

Adherence to storage 
heater maintenance 

schedule 

Temperature sensor were 
incorporated in the system.  
The sensors associated with 
these systems could not be 

utilised to monitor the 
condition of the thermostat 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Electrical 
heating 
element 

GDEE_2 GDEE_2_1 Malfunction 2 Temperature 

Sensor to detect 
change in 

resistance of 
element 

Adherence to hot 
water heater 
maintenance 

schedule, receipt of 
any additional data 
indicating reduced 

heating capacity 

Temperature sensor were 
incorporated in the system.  
The sensors associated with 

these systems could be 
utilised to monitor the 

condition of the electrical 
element, however it was 
deemed that the risk of 

failure was low  so further 
investigation was not 

undertaken 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Thermostat THST_2 THST_2_1 Malfunction 2 Temperature None 
Adherence to hot 

water heater 
maintenance schedule 

Temperature sensor and 
thermistor hardware fault 

alarm were incorporated in 
the system.  The sensors 

associated with these 
systems could not be utilised 
to monitor the condition of 

the thermostat 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Charge 
controller & 
transceiver 

CHC_2 CHC_2_1 Malfunction 2 none None 
Adherence to hot 

water heater 
maintenance schedule 

Wireless comms module 
error alarms are 

incorporated in the system.   
The sensors associated with 
these systems could not be 

utilised to monitor the 
condition of the charge 
controller or transceiver 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

GlenDimplex 
Hot water 
cylinders 
Storage 

Capacity 150 
l  

Maximum 
Capacity 

9512 kWh 

Dimplex hub DH_1 DH_1_2 
Hub microcontroller 

malfunction 
2 none None 

Adherence to hot 
water heater 

maintenance schedule 

Hub connection error alarms 
are incorporated in the 
system.   The sensors 
associated with these 

systems could not be utilised 
to monitor the condition of 

the microcontroller 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Water Pump - 
Impeller 

WPI_9 WPI_9_9 
damage to impellor, however 

allowing fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Water Pump - 
Impeller 

WPI_9 WPI_9_9 failure of impellor 1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Vibration sensor, 
differential 

pressure sensor 
across pump 

Replacement of 
impeller 

No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Control Valves CV_1 CV_1_15 
failure of control valve or 

actuator, however allowing 
fluid flow 

1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

equally indicate other 
issues 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Control Valves CV_1 CV_1_15 
failure of control valve or 

actuator, no fluid flow 
1 

Assumed no specific 
sensor present which 

indicates failure.  
Possibility that failure 
could be detected by 

existing heating circuit 
temperature sensors, 
however unexpected 

changes in fluid 
temperatures could 

equally indicate other 
issues 

Electrical 
resistance, 

compressed air 
pressure, 

temperature 
sensors on each 

fluid circuit 

Replacement of valves No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Pipelines PIW_1 PIW_1_22 
failure of pipework 

connections / joints resulting 
in minor fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Pipelines PIW_1 PIW_1_22 
failure of pipework 

connections / joints resulting 
in major fluid leak 

1 none 
fluid leak detection 

sensor 

Maintenance / 
Replacement of 

pipelines 
No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Electric motor 
control panel 

EMCP_1 EMCP_1_21 
failure of individual 

components or connections 
within control panel 

1 none 
Electrical resistance 

sensors 

Maintenance / 
Replacement of motor 

control panel 
No access to sensors 

Osimo Astea 
Headquarters 

Pump 1 - 
(1nos)  

Electric motor ECM_1 ECM_1_21 failure of electric motor 1 none 
Vibration, electrical 
resistance sensors 

Maintenance / 
Replacement of motor 

No access to sensors 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Converter failure 2 None None 
Replacement of 

Converter 

There are alarms in the 
system indicating failure. 
Unfortunately, there is no 
system in place to monitor 

the condition of the system. 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Fault/Overload 2 None None 
Isolate fault/reduce 

load 

There are alarms in the 
system indicating failure. 
Unfortunately, there is no 
system in place to monitor 

the condition of the system. 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Comms failure 2 None None 
Commutation 

Check/replacement 

There are alarms in the 
system indicating 

communication failure. 
Unfortunately, there is no 
system in place to monitor 

the condition of the system. 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_1 EVCB_1_1 Protection fuse failure 2 None None Fuse replacement 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the fuse.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 
CONS_1 CONS_1_1 Cable damage 2 None None Manual inspection 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the cable.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

AC EV  
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 
CONS_1 CONS_1_1 MCCB failure 2 None None Routine maintenance 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the cable.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Converter failure 2 None None 
Replacement of 

Converter 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the converter.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Fault/Overload 2 None None 
Isolate fault/reduce 

load 

There is no sensor installed 
on the system which could 

monitor for overloads.  
Installing a dynamic sensor 

for this application would not 
be economically viable. 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Comms failure 2 None None 
Commutation 

Check/replacement 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the comms system.  

Installing a dynamic sensor 
for this application would not 

be economically viable. 
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Site System Asset Cluster 
RINA-C 

Comp Ref 
Failure mode 

Overall 
consequence 

(1 to 4) 

Installed 
Sensor/sensors to 

identify failure 

Optimum 
Sensor/sensors to 

identify failure 

Predetermined 
maintenance 

Estimated P-F Intervals for 
accessible Sensors 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

EV Charger box EVCB_2 EVCB_2_1 Protection fuse failure 2 None None Fuse replacement 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the fuse.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 
CONS_2 CONS_2_1 Cable damage 2 None None Manual inspection 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the cable.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

Osimo Astea 
Headquarters 

DC EV  
Charger (25 
kW electric 

power) [next 
installation] 

Connector 
(includes V2B 

function) 
CONS_2 CONS_2_1 MCCB failure 2 None None Routine maintenance 

There is no sensor installed 
on the system which could 

monitor the deterioration of 
the cable.  Installing a 

dynamic sensor for this 
application would not be 

economically viable. 

 


