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Abstract 

A well-designed and properly installed and operated 

building automation and control system (BACS) is critical 

to achieving energy efficiency and environmental goals in 

the building sector. However, there is an overall lack of a 

user friendly and comprehensive scheme for BACS 

auditing and evaluation, ensuring that the BACS lives up 

to the required standards and providing the added value 

promised. This is the gap which IBACSA is aiming to fill, 

addressing the missing link between the regulatory 

standards and the actual design of current and future 

BACS components and the corresponding functionalities.  

Key Innovations 

• IBACSA, first-of -its kind comprehensive and 

user-friendly tool for BACS design auditing. 

• IBACSA deals with the different building 

domains, evaluating various building services 

functionality levels. 

• BACS functionalities are evaluated considering 

five holistic criteria, using points grading. 

• IBACSA allows building smartness evaluation 

and could serve as an instrument for buildings 

initial and retro commissioning.  

Practical Implications 

IBACSA aids researchers and practitioners to: 

• Make decision on the BACS design considering 

the specific application. 

• Highlight the features required for building 

optimal operation. 

• Evaluate the building automation system 

considering various impact criteria. 

Introduction 

With the building sector digitalization and the huge rise in 

the number of installed sensors, smart meters and IoT 

devices, building automation and control systems (BACS) 

are to play a bigger role in the future. Thus, considering 

the key role of the buildings stock in the energy sector 

along with the large potential of  improving the building 

energy performance and optimizing the systems 

operation, a well-designed and properly installed and 

operated BACS is critical to achieving energy efficiency 

and environmental goals set by the countries worldwide. 

The trend in building commissioning is that this process 

is carried out on the whole building level, evaluating if the 

envelope is living up to the standards and that the 

predicted consumption is in line with the building 

regulations. However, there is an overall lack of 

information and frameworks aiding the evaluation of the 

BACS and ensuring that they are properly designed and 

installed. In addition, there is a need for user-friendly and 

comprehensive tools aiding the decision-making on the 

energy effective and optimal design and installation of 

BACS and allowing auditing and evaluating various 

building services and the overall building smartness. 

IBACSA Tool 

Considering the urgent need and the large technical 

potential and added value, an innovative holistic tool, 

IBACSA (Engelsgaard et al., 2020), is designed and 

developed, providing a first-of-its kind instrument for 

BACS assessment and smartness evaluation. IBACSA is 

developed under the research project BuildCOM - 

Automated Auditing and Continuous Commissioning of 

Next Generation Building Management Systems, 

supported by the Danish Energy Agency through the 

EUDP program. Regarding the auditing and evaluation 

methodology, IBACSA employs a hybrid qualitative-

quantitative multi-criteria holistic framework, 

considering eight major building domains: Heating, Hot 

Water, Cooling, Ventilation, Lighting, Dynamic 

Envelope, Electricity and Monitoring and Control.  

 

Figure 1: IBACSA evaluation matrix. 

Each of these domains include a set of services, defined 

based on the European Standard EN15232 (2012) dealing 

with building automation and control systems. The total 

number of services is 60, where each service is 

characterized by different levels of control functionalities. 

As an example of the structure of one of the services under 

the heating domain, Table 1 provides an overview on the 

‘Heat Supply Control’ service with the corresponding 5 

levels of functionality and control. The higher the level, 

the better the control implemented and hence higher the 

degree of building intelligence. A points-based grading 

score is introduced to quantify the effect of functionalities 

on the five considered impacts. The number of points 

assigned to each functionality level are determined by a 

scale ranging from 0 to 3 points. The points grading 
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principle of functionalities with respect to impact criteria 

is shown for the heat supply control service in Table 2. It 

could be seen that the maximum grading is attained at the 

highest functionality level with respect to energy 

efficiency. The energy flexibility and information to 

occupants’ impacts are unaffected regardless of the 

selected functionality level due to the specific type of 

control. The score of each level with respect to each 

impact criterion is based on the EN15232 standard for 

building automation systems and expert knowledge from 

the Smart Readiness Indicator (SRI) framework. 

Table 1: Heat supply control service levels. 

Service? 
Functionality 

Level 
Description 

Heat 

Supply 

Control 

Level 0 No automatic control 

Level 1 Central automatic control 

Level 2 Individual room control 

Level 3 Level 2 + Communication between controllers 

Level 4 Level 3 + Presence control 

Table 2: Heat supply control points grading. 

Level 
Energy 

Efficiency 

Maintenanc

e & Fault 

Prediction 

Energy 

Flexibility 

Comfort Information 

to 

Occupants 

0 0 0 0 0 0 

1 1 0 0 1 0 

2 2 0 0 2 0 

3 2 1 0 2 0 

4 3 1 0 2 0 

BACS Evaluation Criteria 

In auditing the building BACS using IBACSA, the 

assessor will be evaluating the 60 services and choosing 

the right control level for each service which align with 

the BACS being evaluated. IBACSA evaluates the BACS 

and quantify the impact of the selected control levels 

against five major impact criteria: (1) Energy efficiency, 

(2) Maintenance and fault prediction, (3) Energy 

flexibility, (4) Comfort and (5) Information to occupants. 

Figure 1 shows IBACSA evaluation matrix, where the 

approach aims at evaluating each domain by itself 

allowing quick identification of poorly performing 

building domains across all impact criteria. So, each of 

the eight domains is evaluated and scored against the five 

impact criteria in addition to an overall score provided for 

each domain, shown in the vertical line on the right. The 

evaluation matrix also provides an assessment of the 

BACS with one overall score against each of the five 

impact criteria, in the horizontal line at the bottom. Thus, 

IBACSA provides the auditor with a flexibility to 

consider different evaluation impacts and it is up to the 

auditor interest to consider what is more important. 

To allow building consultants, researchers and end-users 

to benefit from IBACSA implementation in case study 

buildings, it is compiled as a standalone executable 

application allowing for wide distribution and flexible 

use. It consists of a user-friendly interface with graphical 

elements and tabs. In selecting services control levels, a 

simple drop-down approach is employed. A screenshot of 

IBACSA ‘Results Summary’ tab is provided in Figure 2. 

In addition, IBACSA aids the user with the decision-

making process in terms of retrofitting the current BACS, 

allowing simple and fast evaluation and comparison of the 

impacts of BACS functionalities selected. 

Conclusion 

IBACSA, an innovative tool for building automation 

systems auditing and evaluation is presented. The tool 

allows evaluating building services control levels against 

multiple impact criteria. With the provided capabilities, 

IBACSA serves as a potential instrument for BACS initial 

and retro commissioning processes.  
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Figure 2: Screenshot of IBACSA ‘Results Summary’. 
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