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A B S T R A C T   

The performance of a building plays a key role in its sustainability, since a building cannot be sustainable if the 
needs of its users are not satisfied. In fact, the priority of a sustainable building is to meet the user requirements 
in an adequate manner, while limiting its environmental impact. The aim of this study is to supply a suitable 
Building Performance Evaluation method (BPE) to technicians, facility managers and designers, in order to 
improve the quality of management, design and construction by providing more sustainable agri-food buildings. 
In this study, in order to measure building performance with respect to user requirements, the simultaneous 
application of three different measurement techniques was proposed: a User survey by means of a questionnaire; 
an analysis of building documents and a walkthrough analysis by experts; and instrumental measurements and a 
direct survey of building characteristics. The proposed BPE method was based on a fuzzy weighted average at 
three levels. The fuzzy method proved to be particularly suitable for describing the vagueness of users when 
answering the questionnaire, for translating the document analysis, or considering the instrumental measure-
ments for performance measures. The proposed method was applied to a typical agri-food building in southern 
Italy. This application demonstrated the correctness of the setting, its ease of application, and its ability to 
manage real cases. The method allowed for the evaluation of building performance by taking advantage of the 
positive characteristics of each measurement technique: the users’ and occupants’ perception, the knowledge and 
critical sense of expert technicians, and the accuracy and objectivity of instrumental measures. The results of the 
model were represented by mean fuzzy membership functions, which preserved the “vagueness” of the initial 
performance attributes. To obtain more synthetic values, a normalization procedure was applied to obtain a 
value performance judgment, expressed by a number in the range of 0 and 1 (where 0 is the worst and 1 is the 
best). The general performance of functional areas and the differences in performance in the same functional area 
were compared using this operation. The results of the case study demonstrated the reliability of the proposed 
method; in particular, it can determine the state of the building’s functionality, drawing attention to weak points 
that should be monitored to prevent potential faults. The method proposed is a key element intended to help 
develop agri-food buildings that are effective and efficient and perform as expected and it contributes to improve 
the general quality of agri-food buildings.   

1. Introduction 

Building performance plays a key role in the sustainability of a 
building; in fact, the priority of a sustainable building is to meet, in an 
adequate manner, the user requirements while limiting its environ-
mental impact. A building cannot be sustainable if the needs of its users 
are not satisfied. In general, buildings are design objects: they are the 
products of design involving many specialists from different fields 
(structural, architectural, electrical, etc.). In the last decade, several 

models were developed to assess the building structures. Models, such as 
LEED, BREEAM, Sbtool, CASBEE [1], were created to assess the level of 
sustainability, mainly environmental, through systems based on the 
evaluation of elements by experts in the sector and/or specially trained 
personnel. Models, such as PROBE [2], BuPESA [3], Standard Assess-
ment Procedure (SAP), Simplified Building Energy Model (SBEM), 
Building Occupants Survey System Australia (BOSSA) [4], were specif-
ically designed to determine the performance of buildings, mainly in the 
residential sector, through the use of online questionnaires. The actual 
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building design quality can be evaluated while the building is being 
utilized. In fact, during the occupancy stage, measurements and feed-
back, such as Building Performance Evaluations (BPEs), can be carried 
out in order to acquire relevant data to determine the level of design 
quality in satisfying the needs and requirements of the building occu-
pants [5]. Only after the BPE is it possible to determine whether the 
suitability of a building’s design quality is in accordance with the 
specifications required by the design. The BPE is generally applied to 
determine building defects, propose design and construction efficiency 
criteria, diminish facility life cycle costs, extend the life of the building, 
highlight design errors that could lead to increased maintenance and 
operational costs, and clarify design objectives [6]. Overall, the above 
ensures the sustainability of building performance. Furthermore, the 
BPE is applied to understand the match between a building’s perfor-
mances and the aspirations of its users, further proposing how to 
improve the environment to meet these aspirations [7]. In the past, it 
was applied particularly to public buildings and facilities [8–10]. In 
many cases, BPE methods were applied to more than one building type. 
According to scientific literature reviews, the most popular targets were 
residential buildings, followed by office, university and educational 
buildings, and, in few cases, law courts. BPE of residential buildings 
often focuses on occupants’ experience and use of the facility, and, 
therefore, almost every BPE method uses an occupant survey or inter-
view. The BPE method for office buildings focuses on occupants’ comfort 
and productivity and sometimes utilizes both a questionnaire and a 
physical survey. The purposes of BPE are always to evaluate occupants’ 
comfort, satisfaction, wellbeing or health, sometimes to understand the 
energy spent, usually to design energy retrofit [11,12]. There is no 
example of BPE application to agri-food buildings [13,14], yet BPE plays 
a key role in agri-food building sustainability and is important not only 
for the company, as it allows for the reduction of costs and the 
improvement of productivity, but also for the environment [15]. An 
agri-food building is a place where different users should obtain the best 
conditions to carry out their activity, and raw products and food should 
be safe and stored and processed under good hygienic conditions. In fact, 
the efficiency analysis of an agri-food building allows for the saving of 
energy, while also pursuing an important aim: to reduce food loss and 
waste production. A good and hygienic indoor environment is the first 
condition to obtain a high production quality standard and safeguard the 
food product while decreasing loss and, consequently, requirements of 
waste disposal [16]. Production buildings form an important rung of the 
food system chain, which is sometimes not fully considered; however, in 
recent years, the policies of European countries have paid more atten-
tion to food facilities [17], by means of funding opportunities related to 
innovation in food production and food facilities. For these reasons, it is 
crucial to develop and apply specific tools to analyse and improve the 
agri-food building performances. These tools for BPE should be easy to 
apply by technicians, facility managers and designers. Several studies 
were conducted to define a fast and simple method to give construction 
industry stakeholders some performance indicators which could help 
them to make the best decisions when acquiring, operating, maintaining 
and repairing a building [2,18–20]. Some of them were based on a 
technical index to assess building degradation and maintenance in order 
to measure the aging of the facility. Other methods were based on 
document indexes, which measured the quality and quantity of available 
building documents, thus showing if the building fulfilled its legal re-
quirements. Yet, in case one or more serious problems were detected, a 
specific analysis was required, no matter what the final value of the 
assessment index was. A BPE is a multifunctional tool that supports the 
building quality evaluation through the identification of successful 
design features, thereby reducing maintenance works and costs [21]. In 
a BPE, three different levels are generally used, namely, indicative, 
investigative, and diagnostic approaches. The use of any of these ap-
proaches depends mainly on the level of information required and the 
available resources. In the past, data collection techniques were not used 
simultaneously, rather, they were applied separately. The different data 

collection techniques include, for example, walkthroughs, questionnaire 
surveys, document analysis, and physical measurements [22]. In this 
paper, an original BPE method, requiring an integrated data collection 
technique based on a worker questionnaire survey, documented tech-
nical observation of the building, and physical measurements, was 
proposed. Until the early 1980s, performance standards considered 
primarily parts of buildings, building products, materials, and compo-
nents [23,24]. In 1995, the American Society for Testing and Materials 
International (ASTM) approved a set of standards that addressed the 
functionality and serviceability of whole buildings, from the end user’s 
perspective, i.e., the “good fit for buildings purpose”. Based on this set of 
standards, Davis and Szigeti [25] developed a method to describe the 
functionality requirements of users (demand), evaluating the service-
ability of whole buildings and facilities (supply), and comparing the two 
by means of calibrated scales. This method is currently being stan-
dardized internationally (ISO TC 59/SC14/WG10) and adapted to the 
needs of other countries in Europe [26]. At the European level, two 
directives have been passed: The Construction Products Directive 
(93/68/EEC) and the Energy Performance of buildings directive 
(2002/91/EC). These directives include technical performance, cost 
performance, comfort and health performance, and environmental 
performance categories [27]. Currently, research and professional in-
stitutions are developing different methods spread over different per-
formance approaches and tools, such as guidelines, checklists, data 
processing tools, and building passports for buildings. In Italy, interest in 
the good fit for purpose theme began in the 1980s, with the elaboration 
of the first national performance standard in 1981 by Ente Unificazione 
Italiano (UNI)–UNI 8289/1 [28] and UNI 8289/2 [29]—regarding 
building user requirements. Actually, in Italy, “the good fit for purpose 
of the buildings” has not been sufficiently investigated: after the 
voluntary performance standard UNI 8289, interest in the theme soon 
decreased, as the comfort, safety, and security of building users were 
established by specific laws. Instead, in recent years, the interest in 
environmental sustainability has increased; in fact, some building sus-
tainability assessment methods have been developed and applied, such 
as ITACA [30], a protocol deriving from the Sustainable Building Tools 
(SBTools) international model [31]. However, it is important to high-
light that building sustainability cannot be evaluated without prelimi-
narily evaluating its performance and its fitness for purpose [32]. 

The BPE is more complex in the agri-food industry, as it is necessary 
to assess not only the satisfaction of workers’ needs, but also the quality 
and hygiene safety of the products, which are largely conditioned by the 
indoor building environment and have to comply with international, 
European and national rules [33,34]. In particular, the Codex Ali-
mentarius [35], a collection of standards, guidelines and codes of 
practice adopted by the Joint FAO/WHO Food Standards Program to 
protect consumer health and promote fair practices in food trade, 
highlights the important role of correctly designed hygienic food pro-
duction buildings. Section 4 (Establishment: Design and Facilities) 
provides guidance about food facility requisites, their location and 
equipment stating that “Attention to good hygienic design and con-
struction, appropriate location, and the provision of adequate facilities 
is necessary to enable hazards to be effectively controlled”. Specifically, 
the code refers to the organization of the building, to its characteristic 
components and to the need for a good layout to improve hygiene 
practices and avoid cross contamination. Moreover, the Codex Ali-
mentarius defines the maintenance of components (e.g., wall and floor 
coverings, waste management systems) to allow for more efficient 
cleaning and to ensure the highest level of food quality [36]. The main 
aim of this paper is to define a specific performance evaluation method 
for agri-food buildings that allows for more reliable and fast assessment 
and monitoring of performance of each functional area. To demonstrate 
the proposed method, a case study of an agri-food facility in Calabria 
was analysed. 
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2. Materials and methods 

Fitness for purpose can be verified only after the performance eval-
uation of a building. In particular, Lützkendorf, T. et al. [25] defined 
seven different performance categories, in which user requirements are 
grouped in a coherent way. 

Functional Performance: Requirements referring to the inside of the 
building, in terms of layout, accessibility and barrier-free design, 
adaptability to changes in user requirements and uses, etc. 

Technical Performance: Requirements referring to structural and 
physical characteristics, such as the resistance to fire, control of noise 
transmission, heat insulation, and the load capacity of the building. 

Economic Performance: Requirements referring to expenditures 
involved in designing, planning, construction, operation, maintenance, 
demolition, and waste disposal. 

Environmental Performance: Requirements referring to the build-
ing’s features and characteristics relevant to its impact on the environ-
ment, energy spent, and waste products. Correct integration of the 
landscape and atmospheric emissions. 

Social Performance: Requirements referring to the health, welfare, 
comfort, and safety of users, visitors, and workers in the building. 

Process Performance in Strategic Planning, Design, Construction, 
Operation, Maintenance, Management, and Use: Requirements referring 
to process of building realization, involving planning, construction, use, 
and facility management. 

Likewise, the Italian standards UNI 8289:81 define the seven 
following different user requirement types [18,37]:  

▪ Safety: The set of conditions related to the safety of the users, as 
well as to the defense and the prevention against damage 
caused by accidental factors, in the use of the technical system;  

▪ Wealth: The set of conditions related to the state of the building 
system suitable to the life, health, and development of the ac-
tivities of users;  

▪ Usability: The set of conditions related to the attitude of the 
building system to be used by the users in carrying out 
activities; 

▪ Appearance: The set of conditions related to the perceptive us-
ability of the building systems;  

▪ Environmental safeguard: The set of conditions related to the 
maintenance of the states of the upper systems belonging to the 
building system;  

▪ Integrability: The set of conditions related to the possibility of 
easily joining different parts of the system; and  

▪ Management: The set of conditions referring to the conditions 
for cost-efficiency in service use. 

The peculiar production systems implemented inside agri-food 
buildings necessitate an additional requirement: the hygienic safety of 
food products. Hygiene is of paramount importance to produce food that 
is safe for consumption; the equipment and the building used for pro-
cessing and handling food products must be designed and constructed 
according to correct hygienic design principles [38–40]. For this pur-
pose, the requirements proposed in this study were integrated with the 
requirement of hygiene safety, defined as the set of conditions related to 
the hygiene safety of the food products and raw materials utilized in the 
production system. Each user’s requirement must be compared to the 
buildings performance, in order to measure the characteristic criteria of 
building performance. Different techniques could be used to assess the 
performance degree of the building: planning, occupancy, and man-
agement records analysis; expert walkthrough analysis; occupancy and 
use analysis; questionnaire survey and interviews; and measurement 
and instrumental surveying. In general, it is possible to divide the 
measurements of the performance into two large categories: objective 
measurements (soft criteria) and subjective measurements (hard 
criteria). In this study, to measure the building performance with respect 

to user requirements, the simultaneous application of three different 
measurement techniques was proposed:  

• user survey, by means of a questionnaire; 
• analysis of the designs and plans of the building and expert walk-

through analysis;  
• measurement by means of instruments and direct survey of building 

characteristics. 

This method allowed for effective evaluation of the building per-
formance by taking advantage of the positive characteristics of each 
measurement technique: the perceptions of users and occupants, the 
knowledge and critical sense of expert technicians, and the accuracy and 
objectivity of instrumental measurements. 

For each user requirement and for each of the three measurement 
techniques, a set of building performance measures was defined to 
evaluate the appropriateness of fit for specific building purposes 
(Table 1). 

The combination of these three measurement techniques defined the 
real use condition of the building; in particular, it was possible to assess 
user satisfaction through the administration of the questionnaire; while, 
in order to highlight the building weaknesses, the analysis of the 
building documents and the specialist walkthrough allowed for the 
evaluation of the building with respect to its design and conformity to 
authorizations and planning permissions. Finally, the physical mea-
surement of some building conditions allowed confirming or rejecting 
the previous evaluations. However, each technique—in a different 
manner—has some limitations, which are mainly correlated to the 
vagueness of the relationships between the data survey and the building 
performance. 

For example, the satisfaction with the internal building environment 
is subjective for each user and depends on different conditions, personal 
attributes, and cultural factors; thus, it is not always assessed by each 
person in the same way. At the same time, objective quantifiable mea-
sures are not able to effectively evaluate a building’s performance, as 
they are based on empirical biophysical, physiological, and environ-
ment–behaviour models. In the proposed method, in consideration of 
the limitations described above, fuzzy theory was applied for the ag-
gregation of the building performance measures [41]. In particular, 
fuzzy aggregation was carried out by means of a tree procedure based on 
three levels (Fig. 1); starting from the specific user’s requirement, it 
allowed for evaluation of the fit for each functional area of the building 
and for an assessment simultaneously taking into account objective and 
subjective criteria based on user questionnaires, documental analysis, 
and physical measurements. At each level, the aggregation was based on 
the fuzzy weighted average of the below levels. The fuzzy method was 
particularly suited to describing the vagueness of users when answering 
a questionnaire, to translating documental analyses, or when consid-
ering instrumental measurements for performance measures. 

2.1. Case study 

The proposed method was applied to an agri-food building in Cala-
bria, the southernmost region in Italy. The factory was Colacchio srl, 
which produces typical regional bakery goods using traditional recipes 
but with innovative technologies and production methods. The company 
boasts ISO 9001, ISO 2200, and United States Food and Drug Adminis-
tration (US FDA) quality certificates. The building is located in Vibo 
Valentia (coords: 38◦37′44.8′′N 16◦05′02.5′′E), the smallest province of 
Calabria, which is located in the south-west of the region, near the 
Tyrrhenian Sea. 

The building has a surface area of about 800 m2 and a height of 6 m. 
It has a ground floor and a mezzanine floor; on the ground floor, there 
are production function areas, while, on the mezzanine floor, there is an 
office area. The functional areas of the building are shown in Fig. 2. 

The building structure is of precast concrete construction and its 
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Table 1 
Building performance measure for each user requirement.  

WORKER SAFETY 

Questionnaire Documents Measurements 

Knowledge of the position of the fire protection systems Fire protection design Light Measurements 
Fire escape knowledge Electrical System Design Floor slip resistance measurement 
Events of impacts and collisions with indoor elements Structural Design Carbon monoxide measurement 
Events of water leaks Fluids system Designs Dangerous Obstacles 
Events of electric system breakdown Safety workers document Fall from Above 
Events of gas leaks Lightning Protection System Design Radon Measure 
Presence of dust in air  Dust Measure 
Presence of bad smells  Electromagnetic Field Measure 
Presence of mold smell  Structural Damage 
Presence of mold spots  Emergency Escapeway 
Presence of cracks on the indoor surface (e.g. walls, beams, pillars, ceiling, floor)  Emergency Exit Door 
Inadequate illumination  Air Temperature 
Past events of falling or slipping down  Air Humidity 

HYGIENE SAFETY 
Questionnaire Documents Measurements 

Presence of dust HACCP Plan Bacterial Surface Contamination 
Presence of Pests Cleaning and Sanitizing Plan Microbial Air Quality 
Cleaning in Restroom Contamination Control Program Cleanliness of the floor 
Proximity of a Contaminated Site Hygienic Design Dust Measure  

Pests Control Plan VOC Measure   
Hygiene Standards   
Contaminated Area Separation   
Pest Prevention systems 

WELFARE 
Questionnaire Documents Measurements 

Thermal condition in cold Season Lighting Design Light Measure 
Thermal condition in hot Season Electrical System Design VOC Measurements 
Inside Noise level Thermal Design Radon Measurement 
Comfortable working space HVAC Design Reverberation Measurement 
Relaxation Area  Electromagnetic Fields Measure   

Ionizing Radiation Measure   
Site Orientation   
Air Exchange Rate   
IAQ Measure   
Glare Measure 

USABILITY 
Questionnaire Documents Measurements 

Adequate working conditions Fire protection design Light Measure 
Adequate spaces for visitors Electrical System Design Open Measure 
Adequate space for parking Interior Traffic Flow Design Door Measure 
Goods Handling Signages Aisle Measure 
Relaxation Area Facility design Internal Free Height Measure  

Accessibility design Floor Slip 

APPEARANCE 
Questionnaire Documents Measurements 

Welcoming internal Space Architectural design Defects on Surface finishing 
Adequate building finishing Color planning Last Refurbishment  

Maintenance Planning  

MANAGEMENT 
Questionnaire Documents Measurements 

Goods Handling Building Maintenance Plan Floor Cleanability 
Functionality of Service Area Energy Performance Certificate Wall Cleanability 
Management costs Cleaning and Sanitizing Plan Ceiling Cleanability 
Technical Maintenance Plan HACCP Plan Floor Maintenance Grade 
Adequate Environmental Conditions Pests Control Plan Wall Maintenance Grade 
Efficient Drainage System  Ceiling Maintenance Grade 
Easily Cleaned  Windows Maintenance Grade   

Door Maintenance Grade   
Systems Maintenance Grade   
Access Management 

INTEGRATION 
Questionnaire Documents Measurements 

Aptitude to Building Extension Systems Design System connect  
Structural Design Structural connect   

Partition connect   
Modular Sizes 

(continued on next page) 

F. Barreca and G.D. Cardinali                                                                                                                                                                                                               



Building and Environment 204 (2021) 108109

5

Fig. 1. Diagram of the proposed method for agri-food BPE.  

Fig. 2. Layout of the agri-food building: (a) Functional areas on the ground floor; and (b) Functional areas on the mezzanine floor.  

Table 1 (continued ) 

WORKER SAFETY 

Questionnaire Documents Measurements 

ENVIRONMENT PROTECTION 
Questionnaire Documents Measurements 

Building Landscape Impact Environmental Certificate Structural Material Environment Impact 
Smoke Emission Landscape Impact Partition Material Environment Impact 
Odor Emission  Floor Material Environment Impact 
Noise Emission  Smoke Emission 
Wastewater emission  Odor Emission   

Noise Emission   
Wastewater emission  
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maintenance is regular; in fact, it appears to be in good conditions. The 
users of the building are about 15 workers in the production areas, two 
production supervisors, and the manager of the company. A team of 
experts, composed of six researchers, engineers, and food technicians, 
applied the proposed method. 

In the first stage, the building documents, the designs, the permis-
sions, and all of the most important building plans were collected 
(Table 1). In the second stage, by means of an on-site inspection, the 
expert team (composed of 2 building engineers, 1 occupational safety 
and health expert, 1 food science technician, 1 food safety expert) 

examined each functional area of the building, checked the building 
components and the production phases, and verified the correspondence 
of the building to its designs, plans, and building permission documents. 
The expert team assigned “yes” to the fuzzy quality criterion if they 
observed a good fit for specific purpose, and “not” if there was not a good 
fit for the specific purpose of the building (Fig. 3). 

After the document analysis, the team distributed the questionnaire 
to frequent building users. The interview concerned 15 workers in the 
production areas, 5 production supervisors, 10 visitors, and 4 cleaners. 
For each of them, a specific questionnaire was designed with the aim of 

Fig. 3. Implementation of the proposed method for BPE with the FuzzME software.  

Fig. 4. Instrumental measurements inside the building: (a) Measuring thermal indoor condition; and (b) measuring (by Surface Air System) to determine the level of 
environmental microbial contamination. 
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assessing user/occupant satisfaction (Appendix Fig. S1). For this pur-
pose, the primary requirement was to identify the attributes a user looks 
for in an agri-food building. The attributes were indicators by which the 
performance of the building could be measured. These attributes vary 
depending on the type of building, on the users (e.g., occupants, man-
agers, and supervisors), and on the purpose of performance evaluation 
[42]. The questionnaires were designed in such a manner that consid-
ered those differences, in order to capture the user satisfaction or 
dissatisfaction regarding a specific performance of each functional area 
of the building. The possible answers expected in the questionnaire were 
“yes” or “no” and only few questions requested a specific comment to 
better highlight the weakness of the building. The judgment or assess-
ment of a respondent is always subjective and afflicted by some grade of 
vagueness; for this reason, the answers and the user judgments were 
translated into fuzzy numbers and analysed as mean qualitative values 
of their answers. The last stage of the method applied was the mea-
surement of physical and hygienic performance characteristics of the 
environment and the components of the building. This survey technique 
allowed acquiring a more objective measure of the building’s perfor-
mance as well as verifying the performance values obtained by the other 
two adopted techniques. In fact, if the previous stages highlighted some 
building performance uncertainty, the instrumental measures could 
bring an end to such doubts [43]. For the measurements, portable in-
struments were utilized, all of which were tested and calibrated to 
confirm their compliance with international standard measurement 
specifications [44] (Fig. 4a and b) (Appendix Table S2). The values of 
the measures were compared to the optimal range value for the specific 
performance, as indicated by codes, rules, technical documents, and 
scientific studies, with the aim to establish the performance level of each 
functional area with respect to user requirements [45]. It is not easy to 
choose an optimum measurement value to represent a higher perfor-
mance level; in fact, the optimum measuring value ranges reported by 
codes, rules, or scientific studies relating to building performance often 
do not agree. For this reason, the expert team used a fuzzy set to evaluate 
the performance measurement values surveyed through instrumental 
techniques [46]. The fuzzy quality value “Yes” was assigned if the value 
measured was part of the optimal range, while “No” was assigned if it 
was not part of the optimal range. 

The numerical analysis and the aggregation of the qualitative values 
were carried out by means of fuzzy logic. In particular, the model was 
implemented using the FuzzME software [47], a specific tool for creating 
fuzzy models for multiple-criteria evaluation and decision-making 
(Fig. 3). The qualitative values of indicators assigned by the expert 
team were transformed into fuzzy triangular membership values, taking 
into account two levels of judgment (Yes or No). The aggregation of the 
membership functions was carried out using a Sugeno average method. 
Moreover, the tree structure of the procedure provided an evaluation of 
the performance of each functional area, in order to highlight the 
possible deficiencies and to intervene in a correct and fast way. 

3. Results 

The application of the proposed method in the case study allowed for 
verification of the correctness of setting, ease of application, and 
applicability for the management of real cases. The users’ interviews and 
the documents analysis with specialist walkthrough permitted to set up a 
suitable measurement stage. Moreover, the results of the case study 
highlighted that the combination of the three different measurement 
techniques permitted to enhance the precision and to overcome the 
limits and the subjectivity of each measurement technique. Each 
application stage showed a different level of complexity. At the start, it 
was necessary to collect the plans, documents, designs, and permissions 
of the building. The expert team had previously defined a checklist in 
order to get significant and useful documents more easily. Technical and 
administrative documents, such as Hazard Analysis Critical Control 
Point (HACCP) plan, cleaning and sanitizing plans, environmental cer-
tificates, etc., were collected. The expert team analysed and studied the 
documents to obtain data and information about the building charac-
teristics. Later on, by means of a walkthrough of the building, they 
verified the correspondence of the building components and facilities to 
the designs, plans, and administrative certificates. The stage of the user 
satisfaction questionnaire was fast and reliable, as the questions chosen 
to identify the main dissatisfactions and problems described by the users 
were easy and understandable. In fact, the α-Cronbach correlation co-
efficient for the questionnaire varied from 0.75 to 0.87, which indicated 
a good correlation between the items. The participants took approxi-
mately 25–30 min to complete the questionnaire. In particular, the 
workers in the production areas were proud to fill out the questionnaire 
and participate in the improvement of the production conditions of the 
company. In the next stage, instrumental measurements were carried 
out. The principal environmental conditions and the performance 
characteristics of the functional areas in the agri-food building, such as 
light conditions, floor slip, microbial air quality, noise levels and emis-
sions, etc., were measured. During this stage, an objective evaluation of 
the real performance of the building was carried out, confirming or 
excluding the user-assessed criticality. The main problem was interfer-
ence to the production line, since the specific hygienic conditions and 

Fig. 5. Comparison between fuzzy functions of the three measurement techniques applied to evaluate the worker safety for the storage area.  

Table 2 
Normalized values (between 0 and 1) performance judgment of the building 
under study.  

User Requirements Storage Processing Receiving Packaging Service 

Worker Safety 0.73 0.99 0.76 0.90 0.82 
Welfare 0.86 0.78 0.61 0.73 0.82 
Usability 1.00 0.69 0.89 1.00 0.95 
Appearance 0.49 0.49 0.65 0.65 0.65 
Management 0.93 0.86 0.83 0.75 0.96 
Integration 0.84 0.67 0.42 0.67 0.92 
Environmental 

Protection 
0.67 1.00 0.67 0.62 0.67 

Hygiene Safety 0.74 0.96 0.92 0.96 0.96  
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the product flow in agri-food buildings require care and safety for 
workers and food products. Moreover, the survey had to be completed 
during the production stages, in order to assess real operating condi-
tions. The measurements were conducted by expert operators, who 
adopted some precautions, such as wearing hygienic coats, overshoes, 
headphones, and gloves, and who paid attention to the flow and stage 
production, with particular reference to critical functional areas, such as 
the production and storage areas. It is important to bear in mind that the 
company was conscious of the importance of the building performance 
evaluation but was afraid about product flow interference and possible 
food product contamination. An aggregation of the performance attri-
butes detected by the three different measurement techniques was 
applied using the proposed fuzzy method, evaluating the performance of 
each functional area of the agri-food building individually. The result of 
each measurement technique was synthesized by a fuzzy function 
(Fig. 5); the simultaneous comparison between these functions showed if 
there was accordance in the evaluation of each functional area. For 
example, in the storage area, the evaluation of the worker safety by 
documents analysis (centre of gravity = 0,50) was lower than the one 
obtained through instrumental evaluation (centre of gravity = 0,58) and 
both were lower than the one resulting from questionnaires (centre of 
gravity = 0,65). 

The results of the model were represented by mean fuzzy member-
ship functions that preserved the “vagueness” of the initial performance 
attributes. In order to get more synthetic values, a normalization pro-
cedure was applied to obtain a performance judgment value expressed 
by a number in the range of 0–1 (where 0 is the worst and 1 is the best). 
A comparison between the general performance of functional areas and 
between different performances in the same functional area was carried 
out during this operation (Table 2). The results showed a good perfor-
mance level for all functional areas of the building; only the performance 
of the Processing area in relation to appearance and the performance of 
the Receiving area in relation to Integration resulted in values slightly 

lower than 0.5. In fact, in the Processing area, there were some weak 
aesthetic points, mostly depending on the difference of floor colours, 
whereas, in the Receiving area, the performance integration result was 
low as the external area was not large and the widening of this functional 
area could be difficult. The same performance analysis highlighted the 
good hygienic performance of the entire building and, in particular, that 
of the processing area—the core of the building—where the hygiene and 
worker safety showed very high values (0.96 and 0.99). In fact, the 
microbiological measurement in the work areas showed a very low level 
of contamination. An aggregation at building level was carried out using 
the tree structure of the proposed fuzzy method in order to obtain a 
global BPE, and to verify the performance of the whole building, as 
compared to the user requirements. Most interesting was the spider di-
agram of the global BPE (Fig. 6 f), which highlighted the potential weak 
points of the building that lacked performance fitting user purposes. In 
the case study, the user requirement of appearance had the lowest value 
but was still higher than 0.5; this specific requirement should be 
monitored to prevent future criticality. 

4. Conclusions 

The contribution of this study is to improve the quality of agri-food 
buildings from the enterprise’s point of view, i.e., diminishing the 
costs of use and management, and from the worker’s point of view, i.e., 
raising the safety and wellbeing of the consumer and controlling food 
hygiene. The approach proposed allows detecting possible deficiencies 
of performance in functional areas or building components and reme-
dying them in a timely manner. It allowed for the evaluation of many 
different performances required by agri-food buildings. At the same 
time, it allowed representing the functional failures or defects in the 
functional areas by synthetic diagrams, assessing the quality and func-
tionality of facilities and planning maintenance management (Fig. 6). 
The study provides a suitable Building Performance Evaluation method 

Fig. 6. Spider diagrams of the functional area performances: a) Storage area; b) Processing area; c) Receiving area; d) Packaging area; e) Service area; and F) 
Global BPE. 
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(BPE) for technicians, facility managers and designers to improve the 
quality and sustainability of management, design and construction in 
the agri-food sector. Its particular tree structure allowed technicians to 
evaluate the performance of a specific functional area or the perfor-
mance of the entire building or also the performance with respect to a 
specific user requirement. The proposed method is based on fuzzy the-
ory, which aggregates data originating from different sources with 
different vagueness and accuracy levels. In fact, the fuzzy theory is often 
used to handle imprecise and uncertain information. These features 
make the method flexible and useable for the continuous performance 
monitoring of agri-food buildings. The results of the case study 
demonstrated the reliability of the proposed method; in fact, they 
showed the state of the building’s functionality, and weak points. Such 
points should be monitored in order to prevent potential faults. An 
interruption of the production to repair and refurbish the building 
components could be very expensive for the company and very prob-
lematic, above all for continuous food production lines, such as those in 
bakeries. The maintenance of an agri-food building cannot be carried 
out without a preliminary performance evaluation, which allows for the 
definition of an intervention order and facilitates planning by the 
management. Moreover, the building performance and respect of the 
user’s requirements can condition the quantity and quality of food 
production. The application of the case study allowed for some limits of 
the proposed method to be highlighted. Many specific portable mea-
surement instruments were needed to survey the building and envi-
ronmental conditions, and this may limit the diffusion of the method 
among small food enterprises due to the high survey costs. Another limit 
which was observed is the low level of user experience. Some agri-food 
enterprises hire seasonal employees, who get less training time and low 
experience in the company. For this reason, their questionnaire answers 
are not very reliable and have not the same accuracy as the permanent 
workers, who have considerable experience in the company. The case 
study highlighted the complexity of collecting and managing data from 
different sources, therefore, the future of the research activity will be 
directed to the development of a data bank shared with a dedicated 
information system. It could be very useful, for both researchers and 
public administration, to collect and compare data coming from 
different agri-food buildings, since good knowledge of the real condi-
tions of the agri-food building industry could better inform political 
activity and specific public funding measures. Furthermore, the devel-
opment of a specific software tool will make the application of the 
method easier and will contribute to the diffusion of the proposed BPE 
method. The next research efforts will be targeted in this direction. 
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