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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In this study, the generalized failure mechanism knowledge (GFMK) derived from a mechanical subsystem in the Rokkasho 
reprocessing plant is applied to an instrumentation subsystem in the same plant in order to examine its general applicability. This 
study confirms that the GFMK can be applied to the instrumentation system of a backup diesel generator and that a potential 
failure mechanism can be successfully derived. The efficacy of the derived knowledge regarding this failure mechanism was 
evaluated by referring to past failure events that have occurred in the same subsystem. This study has demonstrated exactly that 
some of the failure modes derived by applying GFMK had actually occurred in the real plant subsystem. The importance of this 
observation is that these failure modes were not included in the collection of failure events utilized to derive GFMK, which 
implies that the GMFK can possibly be utilized to proactively identify possible failure events in a realistic scale system. 
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1. Introduction 

The Rokkasho reprocessing plant is a facility comprised of equipment and systems that uses a unique outcome of 
a variety of fields. Although the plant has been carefully designed to avoid severe troubles, the possibility for 
equipment failure remains due to a variety of factors. In order to prevent such failures from occurring, potential 
failure mechanisms have been thoroughly examined in the design phase. However, since it is impossible to predict 
all sources of failure in the design stage, unforeseen failure mechanisms may still pose a threat to the operations of 
this facility. In order to achieve a higher level of safety in the Rokkasho reprocessing plant, it is important to be able 
to predict failure mechanisms extensively and proactively. Although efforts aimed at developing proactive 
approaches to explore potential failure mechanisms have already been adopted, the potential for overlooking 
important failure mechanisms must be reduced as much as possible. 

Humans are prompted to the specific mind sets due to factors, such as the finite nature of time and knowledge 
source, or the situational dependency of human thought, and may overlook failure mechanisms. In order to 
determine the failure mechanism extensively and exhaustively, it is important to consider the failure mechanism of 
dissimilar equipment in order to exclude specific mind sets.  

 
In order to reduce the possibility of overlooked failure mechanisms, GFMK has been proposed in the field of 

knowledge engineering [1, 2]. GFMK is a knowledge scheme that describes failure mechanisms independent of a 
particular subject. GFMK is represented based on the cause–consequence relationship of failure development and 
the combination of influential factors that describe the enabling conditions, such as failure development. In this 
scheme, specific conditions are generalized, which allow us to apply GFMK to completely different equipment. 
Once GFMK has been constructed, it is possible to estimate the likelihood of failure without relying on the 
empirical and specific knowledge of failures. In our previous study, the GFMK knowledge base according to the 
events experienced in the Rokkasho reprocessing plant has been developed and it has been confirmed that GFMK 
can be applied to the realistic scale mechanical subsystems of the Rokkasho reprocessing plant [3].  

In this study, the GFMK derived from a mechanical system has been applied to an instrumentation system in the 
Rokkasho reprocessing plant to examine the generality of the proposed method and to evaluate the efficacy of the 
derived knowledge on failure mechanism. 

2. Method 

The derivation process of failure mechanism for a specific system using GFMK is shown in Fig. 1. The target 
system has been selected and has been represented on a multi-attribute model. By applying the GFMK to the model, 
a set of possible failure mechanisms is derived. The failure mechanisms already considered in the design phase have 
been omitted and the remaining failure mechanisms have been taken for further evaluation. The effectiveness of the 
derived failure mechanism knowledge has been evaluated from two viewpoints shown below: 
 Past failure events which actually occurred in a target system 
 Knowledge sources, which have been used for deriving failure mechanism knowledge 
 

 

Fig. 1. Procedure for deriving failure mechanisms and efficacy evaluation. 
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