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Abstract 

BMS (Building Management System), i.e. the central building control, assumes integrated control of all 

building functions - from air conditioning and heating to lighting, access control and security issues. 

Properly designed BMS solutions improve the operation of the building service, allow for a quick reaction 

in case of emergency situations and significantly facilitate maintenance activities. Building automation 

systems also allow for data collection and analysis, which can be used among other things, to optimise 

energy and water consumption in buildings. 

The aim of the paper is to provide and to discuss findings of the analysis of the impact of the BMS 

application in the city stadium design, which is an example of a public facility, on the possibility of controlling 

the life cycle costs of the facility under examination. 

In the first step, on the basis of the design documentation and the stadium operation schedule prepared 

by the authors, the life cycle costs of the analysed facility were calculated in accordance with the 

methodology recommended by the Polish public procurement law with use of the SMART SPP calculation 

tool. The functional assumptions of the BMS designed for the stadium were taken into account. Then a 

change was introduced to the analysis at the input consisting in the simulation of BMS removal from the 

facility and then the introduction of the risk factor of human error on the part of the staff during the annual 

operation of the stadium in relation to the operation of the lighting system of the facility. The analysis is 

summarised by comparing the calculation results for both scenarios. The findings indicate the benefits of 

using BMS in facility management. 
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1. Introduction 

The construction sector has got a significant unused energy saving potential. According to the Roadmap of 

Actions planned at the level of the European Union to implement the rules of the low-emission economy in 

2050, it is estimated that emissions from built-up areas could be reduced by about 90% by 2050 by 

introducing passive technologies in new buildings, modernisation of old buildings to improve their energy 

efficiency and replacing fossil fuels with electricity as well as RES in heating and cooling systems [1]. At the 

beginning of June 2018, the Directive 2018/844 of the European Parliament and of the Council (EU) of 30 

May 2018 amending the Directive 2010/31/EU on the energy performance of buildings and the Directive 
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2012/27/EU on energy efficiency was published. The new legislation entered into force on 9 July 2018 and 

the EU Member States had 20 months from the date of entry into force to transpose the Directive into their 

legal systems. The deadline was on 10 March 2020. In accordance with the Directive 2018/844, the Member 

States were obliged to establish a long-term strategy to support the renovation of the existing resources of 

residential and non-residential buildings, including both public and private, in order to achieve high energy 

efficiency equivalent to nearly zero energy consumption buildings by 2050. New buildings must meet two 

conditions at the same time: firstly, it is a condition of adequate insulation of the building external partitions 

and secondly, a condition of annual primary non-renewable energy demand below values specified by the 

Directive.  

The energy efficiency of a building is determined primarily by three elements - well insulated external 

partitions and joinery with appropriate parameters, a source of heat and cold and the possibility of 

optimising energy flows in the building's technical systems [2]. Ensuring optimal operating parameters of 

individual systems is the main function of automatic control and regulation systems, i.e. automation as well 

as control and measurement equipment. Modern buildings contain many technical systems, and this 

requires integration and coordination of their operation. This task is to be met by BMS systems (Building 

Management Systems) [3,4,5]. 

An analytical tool integrating the issues of environmental efficiency, including energy and economic issues 

is the Life Cycle Cost Analysis (LCCA). The concept of a building's life cycle is comprehensively defined in the 

ISO 15686-5:2017 standard. The aim of the standard is to disseminate the practical use of the LCCA in the 

construction industry to support effective planning and control of the costs associated with the operation 

of different types of buildings, and to support the development of the market practice in the application of 

the criterion of the cost of the life cycle of buildings in the public procurement.  

2. Method  

The aim of the paper is to provide and to discuss findings of the analysis of the impact of using BMS in the 

design of a city stadium, which is an example of a public facility, on the possibilities of cost control and 

energy efficiency during the life cycle of the examined facility.  

First of all, on the basis of the design documentation and the schedule of the stadium's operation over 25 

years, the costs of the life cycle of the analysed facility were calculated in accordance with the methodology 

recommended by ISO 15686-5:2017 and the Polish public procurement law. The first year of construction 

of the facility was assumed to be the base year, i.e. the moment when the life cycle accounting period 

begins.  

The SMART SPP calculation tool was used. The functional assumptions of the BMS, designed for the stadium 

in question were taken into account. Then a change was introduced to the input assumptions of the analysis 

consisting in a simulated removal of the BMS from the facility and introduction of a risk factor for human 

error on the part of manual operation, during the annual operation of the stadium in relation to the 

operation of the facility lighting system. The analysis is summarised by comparing the results of the 

calculation for four variant scenarios.  

The product life cycle analysis assumes examining potential environmental impacts, from the excavation 

and transport of raw materials, through the processes of product manufacturing, distribution, operation, 

reuse of recovered materials, to the management and final disposal of waste. Consequently, the LCCA 

examines the above mentioned stages of the product life cycle in a modelled approach. Due to the focus 

of the analysis on the impact of the BMS system on the results of the energy consumption by the examined 

object's lighting system, a significant limitation has been adopted for the analysis, consisting in the fact that 

the limits of the product system were determined starting from the purchase of ready-made equipment 

forming the lighting system. The processes of raw material acquisition and production of these devices are 

not included here. The analysis is limited to the stage of construction and then use and demolition of the 

object. This is a significant simplification, but it was introduced due to the purpose of the study. The authors 

of the ISO 15686-5:2017 standard emphasise that the calculation of life cycle costs of a building facility may 
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be of significance at each of its stages, therefore the assumptions made for the study concerned are 

consistent with the general guidelines of the cited standard.  

The presentation of the results of calculations and comparative analysis was preceded by discussing the 

literature review. It was carried out with the use of Scopus, Web of Sciences and Google Scholar scientific 

publication databases. In order to obtain relevant articles relating to the problem undertaken in the study, 

common keywords were adopted including such phrases as "Life Cycle Cost Analysis", "Construction 

sector", "Building Management Systems". The search was limited to articles published in the last decade, 

i.e. from 2010 to 2019 inclusive. The total of 30 articles was finally selected to be valid for further analysis. 

3. Results of the literature review 

In modern buildings, in addition to the regulation elements and control of individual technical systems such 

as heating, air conditioning, lighting, etc. the possibility of controlling the cooperation between the systems 

is assumed. The integration of control and regulation systems in a building is a basic feature of the BMS 

[6,7]. The aim of using integrated systems is to reduce building operating costs while maintaining proper 

parameters of the internal environment. Additionally, attention is paid to increased technical safety of the 

integrated systems, optimal operating parameters of individual systems and easier detection of faults and 

failures [8,9].  

One of the basic functions of automation, which allows to achieve the greatest savings during the operation 

of the building, is the appropriate control of light and the thermal environment of rooms, while maintaining 

the requirements in the existing standards and regulations [10]. The basic functionality related to the 

lighting system is the automatic switch-on/switch-off combined with the lighting intensity control and the 

so-called light scenes [11]. The lighting control function is often integrated with presence sensors and 

threshold light intensity sensors. This allows the lighting to be automatically switched on when motion is 

detected if the natural light is too low and switched off when the room is not used for a longer time. In the 

BMS lighting systems, a comprehensive solution is most often used, including the possibility of their zoning 

within the building or rooms [12]. More advanced systems use additional lighting intensity control systems 

depending on the daylight intensity or operational schedule. An additional function of the system is to 

monitor the condition of lighting. [13,14,15,16] 

In the buildings with nearly zero energy consumption, sustainable and equipped with smart technologies, 

control systems above the standard are often used. These include adaptive regulation that uses 

information collection and algorithm synthesis based on the current behaviour of a particular system, and 

fuzzy regulation based on the transformation of information using fuzzy logic [17,18,19]. Control algorithms 

more and more often include modules using neural networks or genetic algorithms, which increase the 

efficiency of collecting and managing information about the behaviour of the building, system and users. 

Among the most advanced control systems, which are in the implementation research phase, there is a 

combined system using both historical data and prediction methods. For controlling in this system, models 

of building functioning are used, verified on the basis of data from the past, as well as predicted values 

coming from e.g. weather forecast and forecast of the building use by users [20,21].  

The way the BMS is used to optimise the performance of individual technical systems, including lighting, 

affects cost-effectiveness, as shown, for example, by the research carried out on the basis of a case study 

of the first zero-energy building in the Southeast Asia, using passive and active BMS strategies [22]. 

The analyses discussed in the publication [xx] show, inter alia, that energy cost is a weighting of 48% of a 

building's total life cycle budget, with this ratio increasing above 60% when it is only weighted against the 

building's operating costs [23]. 

Current BMSs use two-dimensional vector graphics to help facility managers manage their buildings. 

However, the system is not fully interactive and can only be operated by a trained operator. One of the 

methods to improve the functioning of the BMS could be to introduce an information-rich BIM model that 

provides real-time information through the BMS [24,25,26,27]. 
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The information on the life cycle of a building must be developed and maintained from the preliminary 

design to the operation stage. Well defined and available BIM information allows for life cycle analysis at 

every stage of the project. However, an economic analysis alone is not sufficient, and it is recommended to 

consider the relationship with the environmental impact [28]. 

The life-cycle cost assessment (LCCA) of sustainable building designs has been developed for more than a 

decade and studies show that the use of this analytical technique brings benefits in the decision making 

process as it can be used to review and assess the concept of sustainable development measures 

throughout the whole life cycle of a building, including the determination of the carbon footprint, the 

simultaneous analysis of energy consumption in assessing the environmental performance of buildings 

and the analysis of the economic efficiency [29,30]. 

The latest technical standards concerning the LCC issues include the ISO 15686-5:2017 standard, published 

in July 2017. The LCC according to the standard means "the cost of an asset or a part of it over its entire life 

cycle while meeting performance requirements: it applies to the UK construction industry and to key stages 

of the procurement process". 

4. LCCA calculation results 

4.1. Description of the investment under analysis 

The subject of the analysis is the construction of the Children and Youth Training Centre together with the 

reconstruction and extension of the football stadium, football pitches and accompanying infrastructure. 

The capacity of the facility will be about 20 500 seats. Four football pitches will be built, including three full-

size and one with an artificial surface reduced by about 10% in relation to the size of the grass pitch 

dimensions. In order to achieve optimised control of the technical functions of the building, a building 

automation and safety system (BMS/SMS) was designed. It was assumed that the designed BMS/SMS would 

provide a coherent interface for all systems –building automation, fire protection, security systems, 

including access control, intrusion and robbery alarm system, CCTV. The basic functions of the designed 

BMS/SMS system included: 

• monitoring the operation of selected equipment in the building  

• archiving and viewing data  

• supporting the facility maintenance services in emergency situations 

• controlling the devices in an automatic way. 

 

4.2. Results of calculations 

The data needed for the LCCA were obtained from the Investor's documentation and from the lighting 

manufacturer. The annual operation schedule of the stadium was adopted for the analysis in relation to 

the programme assumptions of the facility with regards to the planned football matches (tab.1).  

Table 1. Schedule of the annual operation of the stadium. 

Football matches Level of lighting 

of the pitch [%] 

Level of lighting 

of the pitch [LUX] 

Match duration [h] Number of matches per 

year 

Club international matches 100% 2000 7 3 

National premier league and 

league matches 

100% 2000 6 20 

National matches of 3rd and 

4th leagues 

50% 1000 3 15 

Children and youth club and 

training matches 

20% 500 2 300 

  

The lighting of the pitch according to the construction design consists of 196 lamps suspended from the 

roof structure of the stadium.  
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Four optional scenarios were adopted for the analysis (tab.2): 

S.1 The lighting of the pitch is controlled automatically by the BMS system, 

S.2 The lighting of the pitch is controlled manually. This variant takes into account the human error of 

mistakenly failing to switch off the lighting at a certain time - as a consequence, the lighting time is extended 

by 1 h in case of each planned match (taking into account the time needed to get to the control point), 

S.3 The lighting of the pitch is controlled manually. This variant takes into account the human error of 

setting the level of lighting higher than assumed and than necessary in the national matches of 3rd and 4th 

leagues, children and youth club and training matches, 

S.4 The lighting of the pitch is controlled manually. This variant takes into account the human error of 

leaving the lighting on at night in 1/3 of the number of all matches - as a consequence, the lighting operation 

time is extended by an additional 12 hours. 

Table 2.  

The lighting of the pitch - scenario  Total time in [h] Quantity of 

kWh/h 1 lamp 

Total quantity 

of kWh 

Scenario 1 (S.1) 786 0.57 87 867.78 

Scenario 2 (S.2) 1124 0.53 117 437.32 

Scenario 3 (S.3) 786 1.43 220 300.08 

Scenario 4 (S.4) 2130 0.49 203 903.70 

  

The analysis was carried out for the period of 25 years, and a discount rate of 3% was assumed. The results 

presenting the life cycle costs were obtained in the annual and summary approach for the lighting system 

with the assumption of four variants of controlling of the system (tab.3). The share of particular costs in the 

LCC for the examined variants was also calculated (fig.1). 

Table 3. LCCA for the scenarios S.1 – S.4. 

 S.1  S.2  S.3  S.4  

 EUR % EUR % EUR % EUR % 

Acquisition costs [EUR] 530786,52 78 530786,52 75 530786,52 67 530786,52 68 

Operational costs [EUR] 77862,91 11 103532,20 15 195340,29 25 181388,16 23 

Maintenance costs [EUR] 7899,70 1 7899,70 1 7899,70 1 7899,70 1 

Other costs e.g. taxes [EUR] 63197,60 9 63197,60 9 63197,60 8 63197,60 8 

LCCA TOTAL [EUR] 679746,73  705416,01  797224,10  783271,97  

  

 

Fig.1. Total costs by categories 
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5. Discussion and conclusion 

The results of the calculations for the four variants confirmed that the use of BMS has got a positive impact 

on the reduction of life cycle costs. The analysed variants focused only on the costs of electricity 

consumption used for the pitch lighting, due to the fact that the analysis was carried out as a preliminary 

one, with the assumption of continuation of the deepening the LCCA issue and supporting the digital 

technologies in the control of the costs of construction facilities.  

Based on the case of the analysed variants, the possibility to assess the impact of the BMS on life cycle costs 

using the LCCA calculations is presented. The analysis showed that the highest financial losses occured in 

variants 3 and 4, which is a consequence of the impact of the operation phase on the sum of all life cycle 

costs of a facility.  

The percentage increase in the life cycle costs of variants 3 and 4 compared to base variant 1, which uses 

the BMS to control the pitch lighting, is 15% at the interval of 5 years. This is a significant monetary loss, 

especially in the context of simplification of the analysis, resulting from including only the lighting system 

in the calculation. 

The paper presents the results of the LCCA calculations confirming the beneficial impact of using BMS in 

public facilities on the possibilities of the life cycle cost control of building facilities.  

The method of analysis used refers to the assumptions of the ISO 15686-5:2017 standard, which provides 

instruments to analyse designs or existing buildings in a wide range. The standard includes both the 

building life cycle cost calculation methodology (LCCA) and the Whole Life Costing methodology, which 

allows to extend the calculation with the costs of environmental externalities and social costs. The 

continuation of the research described in the paper will be the analytical works extending the scope of the 

analysis to include further technical systems, which are part of the integrated set of systems serving the 

technical functions of the building with the use of the BMS and calculations covering the gradually extended 

range of the boundaries of the system of products (devices and systems) forming the examined technical 

systems. 

6. Limitations of the study 

The study, the findings of which are discussed in the article had some limitations which could affect the 

final results. The study, the results of which are discussed in the article had some limitations which could 

affect the final results.In order to obtain more ubiquitous results, similar calculations should be made for 

at least several similar investments. However, this would require access to design documentation for other 

investments, which was not possible at the stage of this study. The second major constraint is that the 

analysis is limited to the lighting system, and to gain a fuller understanding of the importance of BMS in 

controlling life cycle costs, the scope of the analysis should be extended to other systems. The limitations 

indicated above are related to the preliminary nature of the study carried out, which will be continued in a 

wider range. 
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