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Abstract 

Real estate maintenance is an essential part of the building life cycle, whose purpose during 
the operational period is to ensure the permanence of the building’s conditions, function-
ality, healthiness and comfort. Operational management of the maintenance personnel is 
advanced in a way, that even regarding individual tasks there is recorded what was done, 
when it was done, and how long it took. The real estate owner and the maintenance organ-
ization supervise the accomplished service level particularly according to the reached re-
sponse times. However, this has lead into a situation, where the maintenance work is sub-
stantially identical for every building, even though different buildings are considerably 
unique entireties compared to each other. Currently, the level of service is supervised and 
managed rather from the perspective of how well there are reached certain, predefined 
schedules in a calendar, instead of observing the actual circumstances in the building and 
assessing, whether the building requires maintenance or not. Moreover, the maintenance 
carries out plenty of visits on the spot, which could be avoided with a better utilization of 
the building maintenance manual and through keeping its contents up to date. 
 
In this thesis there is researched through a case study by the means of expert interviews, 
how value can be created for the maintenance organization through a conceptual service 
model, in which there is enabled displaying of the building’s real time indoor conditions, 
and object-specific maintenance tasks, as well as attaching handover documentation of the 
prime contractor to the objects in the building information model. In the framework of 
service business, value creation occurs only when the customer’s operations are improved 
through the service performance. The customer of the maintenance is the real estate owner, 
and their collaborative customers are the users of the building. Therefore, value creation 
was studied through improving the maintenance operations whilst increasing the perceived 
value of the end-users. 
 
As main results, through the conceptual model, there can be reduced some of the mainte-
nance’s production wastes defined in the lean-philosophy, which correspond for the end-
users as shorter downtimes, decreased amounts of maintenance visits, and better function-
ing spaces. Linking the building automation sensor data into the object instance infor-
mation in BIM, enables to better asses the actual maintenance needs of building parts and 
appliances, and thus directs the maintenance operations towards more result-focused per-
formance. 
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Tiivistelmä 

Kiinteistönhuolto on rakennuksen elinkaaren olennainen osa, jolla varmistetaan käytönai-
kana rakennuksen kunnon, toimivuuden, terveellisyyden ja viihtyisyyden pysyvyys. Huol-
tohenkilöstön toiminnanohjaus on viety parhaimmillaan hyvin pitkälle siinä mielessä, että 
jopa yksittäisistä tehtävistä saadaan tieto järjestelmiin siitä, mitä on tehty, milloin se on 
tehty ja kauanko tämä vei aikaa. Omistaja ja huollosta vastaava yritys seuraavat yleensä 
sovitun palvelutason saavuttamista juuri perustuen erilaisten vasteaikojen toteutumiseen. 
Tämä on kuitenkin johtanut siihen, että huoltotyö on huomattavan tasapäistynyttä palve-
lua suhteessa siihen, että rakennukset ovat hyvin uniikkeja kokonaisuuksia. Palvelun laa-
tua seurataan ja arvioidaan lähinnä sen perusteella, kuinka hyvin työssä osutaan ennalta 
määriteltyihin aikoihin kalenterissa, sen sijaan että seurattaisiin olosuhteiden pysyvyyttä 
ja sitä, tarvitseeko rakennus huoltoa vai ei. Kiinteistöhuolto suorittaa myös runsaasti sel-
laisia käyntejä kohteissa, joita olisi mahdollista vähentää huoltokirjan aktiivisemmalla käy-
töllä sekä sen tietojen pitämisellä ajantasaisina. 
 
Tässä työssä tutkittiin tapaustutkimuksen yhteydessä suoritettujen haastatteluiden avulla, 
miten palvelukonseptilla, jossa mahdollistamalla rakennuksesta tuotetussa tietomallissa 
ajantasaisten sisäolosuhteiden ja objektikohtaisten huoltotehtävien esittäminen, sekä 
huoltokirjadokumenttien linkittäminen objektitasolle, voidaan luoda arvoa kiinteistö-
huolto-organisaatiolle. Palveluliiketoiminnan viitekehyksessä arvonluontia tapahtuu aina 
vain asiakkaan toiminnan tehostuessa palvelusuorituksen seurauksena. Huoltoliikkeen 
asiakas on kiinteistönomistaja, ja osapuolten yhteisiä asiakkaita ovat rakennuksen käyttä-
jät, minkä seurauksena arvonluontia tarkasteltiin huollon toiminnan tehostumisena niin, 
että myös loppukäyttäjien kokema arvo kasvaa. 
 
Keskeisinä tutkimustuoksina konseptin avulla huollon prosesseista voidaan vähentää nyt 
esiintyviä lean-filosofian määrittelemiä tuotannon hukkia, mikä näkyy rakennuksen käyt-
täjille lyhyempinä epäkuntojaksoina, pienempinä määrinä huoltokäyntejä sekä paremmin 
toimivina tiloina. Rakennusautomaation anturidatan linkittäminen tietomallin instanssi-
tietoihin uskotaan mahdollistavan tulevaisuudessa myös eri rakennusosien ja laitteiden to-
dellisen huoltotarpeen arvioinnin, mikä johdattaa kiinteistöhuoltoa kohti tulevaisuudelle 
visioitua lopputuloskeskeisempää toimintaa. 
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Definitions, Terms and Abbreviations 
 

3D Three dimensional. 

 

BIM Building information model. Collection of a 

building’s digital product information. 

 

Building Life Cycle A span of time, which includes a building’s entire 

history and future, from planning and construc-

tion, through operational period and possible ren-

ovations until demolition. 

 

Building Part A single, physical component of a building, 

which is regarded as an individual unit. 

 

Data Code, signs or signals, which are not necessarily 

related to any meaning. 

 

ERP Enterprise resource planning system. 

 

GUID Globally unique identifier. An identifier granted 

for every instance in BIM. 

 

ICT Information and communications technology. 

 

Information Data, which can be understood, interpreted or 

which is otherwise related to a meaning. 

 

Instance / Entity A set of data handled as a single unit by applica-

tions. 

 

Process A system where activities, material and/or infor-

mation flow between different operators, systems 

or other functions to produce a result. 

   

Service Application of skills and knowledge to resources 

with a purpose to support customer’s value crea-

tion. 

 

SLA Service level agreement. 

 

(Perceived) Value One’s overall assessment of an offering’s utility, 

which is dependent on their individual, substan-

tial, perceptions of what they gain and what they 

give. 

 

Value Creation Facilitation of customer’s processes over time. 
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1 Introduction 

1.1 Background 

During the building life cycle, there serves a large number of different actors, and even a 

larger amount of information. However, it is afflicted by difficulties which are characteristic 

for the field of built-environment as a whole: the flow of value creation for the end-users is 

hindered by the operational interfaces between different actors. The actors are fixated into 

optimizing the efficiency of their own processes, and value creation is not supported from 

the perspective of the entire value chain. Moreover, information that is already in use, could 

be utilized more effectively by dismantling partial information silos, which there occurs 

across the industry. From the perspective of construction, the subsequent phases of the build-

ing life cycle are regarded as a remote matter, even though they should be planned early on, 

like the building itself. (Siponen et al. 2010, pp. 76, 87) 

 

However, the field of construction is progressively adopting the means of servitization, and 

mutual value creation between construction companies and their customers are seen strate-

gically important. In construction business, services can be perceived as functions, which 

increase customer experience by distancing the customers from the construction production 

while facilitating them reach their objectives more efficiently. Grönroos (2015, p. 2) defines 

services as concepts, that support customer’s processes in a way that improve their value 

creation. However, to assure the quality of the services, there should be recognized, what 

creates value for the customer. 

 

In the construction company Fira Group Oy (later Fira), developing digital services is per-

ceived especially important for value creation in the future. Utilizing its knowledge in the 

field of construction in developing digital services is regarded to hold high potential in scal-

ing up the company’s business. (Fira Group Oy 2017, p. 3) For the company, a test platform 

for digitalizing its production exists particularly close, as new service concepts can be piloted 

within the framework of its own construction projects. One of Fira’s development projects 

is related to utilizing knowledge created during construction for the use of building’s life 

cycle functions. The flow of information can be accelerated especially through open inter-

faces between different software and operators (Fira Group Oy 2017, p. 7). As a result of the 

development process, a concept for a building’s life cycle service model has arisen. The 

concept is based on utilizing the building information model (BIM) produced during the 

building’s construction and planning process. The information of the model is refined and 

put to use for functions operating during the life cycle of the building. 

 

The utilization of a BIM during the usage and upkeep phase of a building is a relatively new-

found approach, and currently, a mutual view in the industry regarding how it should be 

applied during the building life cycle does not exist. Different options for applying BIM after 

planning and construction have only been examined through single, separate development 

projects and pilots. (Halmetoja 2016, p. 6) Fira’s service concept aims to accelerate the 

maintenance request system through a more visual three-dimensional interphase of a build-

ing, amongst other things. Moreover, there has been developed browser and mobile based 

applications, both for tenants and professionals alike, which were piloted in a rental apart-

ment building project in Jaspiskuja, Vantaa. 
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Based on the pilot project, Fira proceeded developing a service model in a co-creation project 

during 2018, which included the following contributors: 

• construction company Fira 

• real estate investor and rental apartment developer Kojamo Oyj (later Kojamo) 

• and real estate maintenance service provider Lassila & Tikanoja Oyj (later L&T). 

 

The objective was to implement the developed services for the use of Kojamo’s rental apart-

ment buildings at Retkeilijänkatu 1 and Karavaanikuja 2, in Rastila, Helsinki. The buildings’ 

real estate maintenance service provider L&T has been included in the development process 

of the presented projects. The intention was to at least replicate the service entireties pro-

vided in the pilot project Jaspiskuja, which are the following: 

• Attaching required handover documentation to the objects in BIM. 

• Linking maintenance requests into the BIM of the building. 

• Visualizing the temperature and humidity information of the building in the BIM. 

But also, to direct thoughts and activity towards what the conceptual service model could 

include in the future. 

 

In the project, there is being developed the process of providing services enabled during 

construction and planning. In part of the BIM-based maintenance application, it is also a data 

system project. Kettunen & Simons (2001, p. 124) divide the life cycle of a data system 

project into the following parts: 

• concept 

• identification of needs 

• defining requirements 

• planning 

• execution. 

Defining the requirements is described to be the most critical phase in the process, as all the 

following steps are based on that. Flaws and errors in the requirements of the system will 

backfire at the latest when the system is in use if it cannot provide the expected benefits, and 

additional costs are at risk. 

 

In Mikko Mäläskä’s master’s thesis (2011), a building information model designed for fa-

cility management (FM) and maintenance purposes, is referred to as a maintenance model. 

In the thesis, there were studied the value creation possibilities of maintenance models in 

projects, where the building contractor’s responsibility is extended to cover life cycle ser-

vices through management and maintenance contracts. In these life cycle projects, as they 

were referred to, the possibilities for the management and maintenance organizations to in-

fluence the service development was emphasized (Mäläskä 2011, p. 48). To improve cus-

tomer experience, it is also important that the information provided by the services is essen-

tial. The risk is that the service becomes too heavy and hard to use, as the time it takes to 

find information increases. (Mäläskä 2011, pp. 34, 47) 

 

In order for the services to provide essential information for the customer, there needs to be 

set the right requirements for its implementation. How the requirements are set, depends on 

the needs of the customers. To clarify the customers’ needs, there needs to be identified, 

what kind value the customers are creating and what kind of value they are hoping to gain. 
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1.2 Objectives 

The main objective of this research is to identify how the service concept creates value for 

the maintenance organization operating during the building life cycle, and thus assist Fira in 

establishing a business model for the services. This study is carried out from the construction 

company’s service providing perspective. The research objective can be attained by answer-

ing the following research questions: 

 

1. What requirements does the maintenance set for the building life cycle information? 

1a) What information is needed? 

1b) When is the information needed? 

 

2. How can the building information model undertake the requirements in a value cre-

ating approach for the maintenance company? 

 

Based on the literature available, utilizing building information models during building life 

cycles has been studied relatively abundantly. However, so far, the literature centers around 

the theory of the implementation of BIM. It is noteworthy, that in the case project the build-

ing information model has already been integrated into an application. In the development 

project, there is being researched, how customer experience could be improved by utilizing 

the information created during construction and planning. In addition to the main objective 

of this thesis, this research can achieve to broaden the literature on this particular subject. 

 

1.3 Research Methods and Scope 

In order to recognize what kind of information the life cycle services must provide, in this 

research a comprehensive understanding of the study area will be obtained. There will be 

conducted a present state analysis through a survey of literature, and it will compose the 

theoretical base of the study. The structure of the thesis is presented in the Figure 1.1 below. 
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Figure 1.1. The structure of the thesis. 

 

The first key concept that is covered is service business, and especially determining what is 

value, and how is it created according to the theory. Building life cycle information is a key 

concept in this thesis, and regarding the conceptual service model, its most important ele-

ments are the contents of building maintenance manual and how it is formulated, and also 

the BIM, which constitutes the framework for improving the availability and the flow of 

information during the building life cycle. Regarding building life cycle information, the 

theoretical base will be constructed while partially answering the first research question. 

Also, the tasks of different parties related to construction projects, who provide the life cycle 

information will be studied according to the Finnish National Building Code (Suomen ra-

kentamismääräyskokoelma), as they are enacted to by the Land Use and Building Act 

(132/1999, MRL). 

 

As the key operators during the life cycle of a rental apartment building there are regarded 

the real estate owner, real estate maintenance and the tenants of the building. In the literature 

review, the life cycle operations will be examined from the perspectives of the real estate 

management and real estate maintenance. 

 

The purpose of the qualitative part of the research is to complete the knowledge of the current 

state of the utilization of the building life cycle information, describe the maintenance oper-

ations and its processes in practice as accurately as possible, and acquire the experts’ view-

points on the value creation possibilities of the service model. The interviews will be ar-

ranged with the available personnel included in the development process described earlier 

in this chapter. The interview structure will be based on the theoretical parts of the thesis, 
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and it is presented as the Appendix 1 of the study. The author also participates into the work-

shops established between the contributing companies. 

 

In the study there is researched, how the essential building life cycle information can be 

more accessible for the maintenance, and also discussed how this better accessibility of in-

formation and enhancement of maintenance process can affect the customer experience and 

every-day life of the mentioned other parties, as well. The results are based on the interviews 

and conclusions based on the theory of value creation, and how they objectively compare to 

the case project, which is presented in the Chapter 6. The aim is to understand and depict the 

situation and the processes, and to provide a theoretically sensible interpretation of the phe-

nomenon. 

 

Even though the empirical part of the research is based on an individual development project 

and as a real estate format on a rental apartment building, a goal is set for its results to be 

scaled up for at least similar projects in the future. Practical measures related to information 

technology, such as realization of new data systems or integration of softwares in practice 

are ruled out of boundaries of this study. 
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2  Service Business 
In this chapter there is being reasoned why choosing service approach as a strategy is de-

sirable in such a customer-oriented project. Moreover, the aim of this chapter is to construct 

a base for the whole aim of this study by describing, why is researching customer experi-

enced value even important. Finally, as the case study of this thesis focuses into accelerating 

the operations of an organization so that it can provide better value for its customers, value 

creation in lean-philosophy, a widely recognized way of thinking in development of opera-

tions management, is examined. 

 

2.1 Strategic Perspectives 

Price is only a temporary advantage. As soon as a rival company offers at lower prices and 

if the competition strategy of a firm solely bases on prices, its customers will vanish. By 

adopting another perspective in its strategy, a company can make itself more meaningful for 

its customers, so that low prices are not everything they can benefit from the company. 

(Grönroos 2015, p. 18) 

 

Grönroos (2015) distinguishes four major strategic perspectives, from which firms can 

choose to base their management and means to compete on. They are as follows: 

• Core product perspective 

• Price perspective 

• Image perspective 

• Service perspective. (Grönroos 2015, p. 19) 

 

If the firm’s management, its offering and the markets fulfill certain requirements, any of 

the mentioned perspectives can succeed. Moreover, choosing one strategic perspective does 

not mean that features of the other perspectives are completely disincluded. However, the 

choice of a perspective highly affects the means the firm develops its resources and capabil-

ities. (Grönroos 2015, p. 21) 

 

Price perspective as a competitive strategy means that a firm maintains the price of its of-

fering low relative to its peers through a sustainable cost advantage. With a reasonable profit 

margin, the company can invest in the future through price perspective. Yet, if the cost ad-

vantage is lost and if the price levels are pressed down even more, the company can lose its 

ability to develop in the future. (Grönroos 2015, p. 20) 

 

Core product perspective is habitual for companies which hold a significant technological 

advantage over the quality of its core solution. In such cases, the exclusive offering may be 

the single or leading carrier of value for the customers. Service activity may be included in 

customer relationships, but their part is not strategic. The risk in the strategy is losing the 

technological advantage, in which case after gaining competition the firm may fall into price 

trap, reverting into being a common product firm. (Grönroos 2015, p. 21) 

 

Image perspective is a strategy heavily based on the success of the company’s marketing 

communication. The approach requires for the offering to be engaging and functioning in 

the first place, but it is the marketing communication that has to endure creating the imagi-

nary supplemental value to maintain a competitive advantage. If the firm cannot afford the 
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heavy investment in marketing, the product may lose its appeal and decline on to the level 

of other common products in the market. (Grönroos 2015, p. 21) 

 

Service perspective is a strategy that does require a satisfying offering that is solid enough 

to compete in the marketplace on its own. However, the sustainable competitive advantage 

emerges from development of every aspect in the customer relationship. This includes all 

types of resources and processes and they are combined into one overall service offering. 

According to service perspective, it is the customer’s processes and resources that are in the 

center of supplier’s focus, not the other way around. (Grönroos 2015, p. 20) Therefore, the 

service provider supports the customer’s processes in means that promote value creation of 

the customer. In return, the service provider is able to capture value from the relationship 

with the customer. (Grönroos 2015, p. 2) 

 

2.2 Outside-In Management 

Service perspective as a strategy is based on outside-in management approach. All the other 

three strategic perspectives mentioned in Chapter 2.1 are either based on or at the risk of 

taking an inside-out management approach. (Grönroos 2015, pp. 19-20) These management 

approaches are simplified ways to understand business from a commercial point of view. 

They are based on an analysis, in which a firm’s revenue generating capability is composed 

of two variables: profit and process. For the firm, profit is the amount of revenue gained that 

exceeds costs (and taxes). The customers experience the profit variable in the form of price 

of the offering, which is equal to the firm’s revenue in part of the offering in question (when 

multiplied by units sold). The process variable refers to the processes and resources, which 

the company utilizes in providing its solution and operating in general. On the other hand, 

the customers as well have their own processes and resources, which they strive to have 

supported through the offering they are paying for. (Grönroos 2015, p. 4) 

 

These two variables, profit and process, can be expressed in a chart, where the y-axis stands 

for profit and the x-axis for process (see Figure 2.1). The other end of the profit-axis repre-

sents revenues (which equal to price paid), and the other end represents costs. On the pro-

cess-axis, the other extremity is firm’s processes and resources and correspondingly the other 

customers’ processes and resources. (Grönroos 2015, p. 4) 

 

 
Figure 2.1. Chart for analyzing the firm’s and its customers’ commercial focus (Grönroos 

2015, p. 5). 

 

Focus on revenues

(equals customers' focus on price)

Focus on 
customers' 

resources and 
processes

Focus on cost

Focus on the firm's 
resources and processes
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The customers’ commercial focus is almost always in the upper right quadrant of the chart. 

This implies that the customers are focused in the price, which they are required to pay, and 

in their own resources and processes, which they pursue to have supported. As in the analysis 

price (and units sold) equals revenues, it can be said that customers are only interested in the 

firm’s revenues and revenue generation capability. (Grönroos 2015, p. 4) 

 

On the other hand, the firm’s commercial focus depends on the mental approach it is man-

aged. When a company’s management predominantly focuses on the cost-levels of running 

its business and the firm’s own resources and processes, it is referred to as inside-out man-

agement approach. (Grönroos 2015, pp. 4-5) This approach is characteristic for traditional 

product business, however, it should be noted that the offering of an inside-out managed 

firm can be either goods or services. It is not the core offering that governs what kind of 

business the company is operating, but the mental focus of its management. (Grönroos 2015, 

p. 7) An inside-out managed firm’s commercial focus is situated in the lower-left quadrant 

of the commercial focus chart, as illustrated in Figure 2.2. As the customers’ focus is situated 

in the upper right quadrant of the chart model, it can be said that inside-out managed firms 

are in a mental conflict with their customers when it comes to their commercial focuses 

(Grönroos 2015, p. 4). 

 

As mentioned earlier in this chapter, service perspective as a business strategy is based on a 

different kind of management approach. Essentially, the strategy involves developing rela-

tionships with customers while providing service to them. This requires understanding of 

the customer, their processes, resources and interests with comprehensive insight. Therefore, 

solely gathering market research data regarding the customers midst carrying on traditional 

product business (inside-out management) will result in limited understanding of the cus-

tomer’s point of view. A firm, regardless whether their offering is goods or services, that is 

choosing to apply service strategy, is required to mentally shift the focus of their manage-

ment and organization towards their customers’ commercial focus. This was defined earlier 

in this chapter to be price, which is equal to the revenues (and revenue generation capability), 

and the customers’ resources and processes. A company’s management approach like this is 

called outside-in management approach, see Figure 2.2. (Grönroos 2015, pp. 7-8) 

 

 
Figure 2.2. Commercial focuses of different management approaches (Modified from 

Grönroos 2015, p. 6). 
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2.3 Customer Perceived Value 

The term value signifies a compensation between benefits and sacrifices. It also implies in-

teraction between a customer and a product or a service. (Sanchez-Fernandez & Iniesta-

Bonillo 2007, pp. 427, 429) Value is a broader term than price (later in this chapter also 

referred to as “objective price”), which is used to describe the amount at which an offering 

is requested, offered or paid for. Exchange price is the economic outcome of the interaction 

between the supply and demand of an offering. (Wyatt 2013, p. 42) 

 

Value can be defined as a relationship between a pay-off and its compensation. For custom-

ers, positive value suggests that they “are or feel better off” after having been assisted by a 

supply of resources or processes. (Grönroos 2011, p. 242) Value is the result of a personal 

evaluative assessment. It is always preferential, perceptual and cognitive-affective. It is im-

portant to differentiate value and values from each other, as values are one’s personal ideas 

and beliefs, through which they assess themselves and the objectives they strive for. Values 

act as criteria which are applied when making a personal judgement, such as in the instance 

of defining perceived value. (Sanchez-Fernandez & Iniesta-Bonilla 2007, pp. 427, 429) 

Value and values are different concepts, however, they are interlinked in the context of per-

ceived value. 

 

Customer perceived value is essential in the strategic management of a company. It can be 

seen as one of the key reasons for the company’s existence in the first place, and furthermore, 

a requirement for its success. (Sanchez-Fernandez & Iniesta-Bonilla 2007, p. 427) Therefore, 

understanding customer perceived value is central for a company to succeed. Woodruff 

(1997) stated that “if consumer satisfaction is not backed up with in-depth learning about 

customer value and related problems that underlie their evaluations, it may not provide 

enough of the customer’s voice to guide managers where to respond”. (Petrick 2002, p. 120) 

 

Conceptualization and measurement of perceived value has been widely studied during the 

last decades due to rising inteest generated by the phenomenon of ‘value creation’ among 

marketing investigators. However, there is a lack of agreement among different scholars 

regarding the concept and measurement of perceived value due to its vague nature. It has 

been described as ‘complex’ (Lapierre 2000), ‘multifaceted’ (Babin et al. 1994), ‘dynamic’ 

(Parasuraman and Grewal 2000) and ‘subjective’ (Zeithaml 1988). The nature of perceived 

value is also relative because of its comparative, personal and situational (specific to context) 

character. (Sanchez-Fernandez & Iniesta-Bonilla 2007, pp. 428, 439) 

 

The basic foundation for the conceptualization of perceived value of a service has been es-

tablished by Valarie A. Zeithaml (1988) (Petrick 2002, p. 120). According to her, perceived 

value acts collectively with perceived quality as a basis for a customer’s purchase decision.  

 

2.3.1 Perceived Quality 

Perceived quality can be defined as customer’s consideration regarding the offering’s excel-

lence and superiority. Perceived quality is thus, similar to perceived value, one’s personal 

judgement regarding something. (Zeithaml 1988, p. 3) Customer’s perceived quality is af-

fected by intrinsic and extrinsic attributes. Intrinsic attributes refer to “how the purchase 

makes the customer feel” and extrinsic attributes to the reputation of the offering. (Petrick 

2002, p. 121) It should be noted that perceived quality is a separate concept from actual or 

objective quality. Furthermore, Zeithaml (1988, pp. 4-5) expands that objective quality might 
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arguably not even exist, as “all quality is perceived by someone”. Even quality standards 

designed for measuring and verifying levels of superiority have been established by either 

suppliers themselves or some other entity different from the end-users. This is noteworthy, 

because these views may differ considerably from the customers’ perspectives. 

 

Zeithaml’s (1988) study focuses particularly in customers’ thought process which leads to a 

purchase decision. In Figure 2.3, there is presented Zeithaml’s (1988) Means-End Model, 

which intends to explain the key concepts and their relationships upon a purchase decision. 

 

 
 

Figure 2.3. Zeithaml’s Means-End Model (Zeithaml 1988, p. 4). 

 

2.3.2 Perceived Price 

Price of the offering is presented in the Zeithaml’s model as a lower-level attribute, which 

again, is affected by customer’s personal experience and judgement and is then regarded as 

perceived price. From the customer’s perspective, objective price is always given and sacri-

ficed in order to obtain an offering. However, according to Jacoby and Olson (1977), while 

customers might note the objective price of an offering, they may rather perceive it in con-

cepts such as “expensive” or “cheap”. Customers’ attention towards prices tends to increase 

as they examine offerings with higher price levels, though. Also, objective prices of durable 

goods and services are more likely to be contemplated by the customers. In any case, there 

are some factors which expand the gap between objective price and customer’s perceived 

price, such as lack of price information, complexity of pricing and price dispersion, which 

refers to the tendency of offerings with same brand or products of same type and quality to 

be priced differently between different suppliers. (Zeithaml 1988, pp. 10-11) 

 

Price of the offering is not the only sacrifice perceived by the customers. In order to obtain 

a product or a service, the customer has to put time and effort to search and attain the most 

appropriate, suitable and pleasing offering. (Zeithaml 1988, p. 11) According to this, be it 

search for a certain product in a store, which could be preceded by search of an appropriate 

store in the first place, or online search between different sites after some particular product, 

together with possible travel distances it all adds up to the customer’s total sacrifice made in 

order to obtain a product. 
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2.3.3 Perceived Value 

Perceived value can be summed up in the following definition: it is the customer’s overall 

assessment of the utility of an offering, which is dependent on their perceptions of what they 

gain and what they give. Because different customers assess things differently, the percep-

tions of what is gained and what is given vary. The gain component can be affected for 

example by whether the customers appreciate volume or quality higher (perceived quality), 

and the give component by perceptions of monetary price or time and effort (perceived 

price). Perceived value is the tradeoff between these perceived elements. Depending on the 

customer’s personal emphases on the different components of value, Zeithaml (1988, pp. 

13-14) presented four alternative definitions for the perceived value of an offering: 

• low price (emphasis on sacrifice) 

• fulfillment of customer expectations (emphasis on benefits) 

• quality considering the price (extraction between one sacrifice and benefit) 

• total perceived benefits compared to total perceived sacrifices (all relevant compo-

nents taken into account). 

 

Parasuraman and Grewal (2000) further separate perceived value into four value compo-

nents, which are: 

• transaction value 

• acquisition value 

• value in-use 

• redemption value (Petrick 2002, p. 121). 

 

Transaction value is defined as the satisfaction a customer may receive when making a good 

deal and acquisition value is referred to as the perceived benefits gained for the monetary 

price. Value in-use is perceived as the product or service is utilized, and redemption value is 

the leftover value at the end of life or trade-in of products or termination for services. (Petrick 

2002, p. 121) 

 

These components of customer perceived value are relevant in different occasions of the 

life-cycle of the product or service (transaction and acquisition value at the moment of pur-

chase and in-use and redemption value during or at the end of the life cycle). Therefore, the 

nature of perceived value varies between different stages of the product or service life cycle 

and the customer will only hold the full perception of value at the end of the life cycle. This 

holds true especially in the case of services, as only after the service has been rendered, can 

the customer come to conclusion regarding their perceived value. (Petrick 2002, pp. 122-

123) It is important to note also that value perceived during the purchase is almost always 

positive, its extent depending on the price paid (monetary and non-monetary). However, 

especially value in-use can be either positive (value-creation) or negative (value destruction) 

(Grönroos 2015, p. 13). The total perceived value at the end of the life cycle will affect the 

customer’s motives to possibly reinvest in the offering (Petrick 2002, p. 123). 

 

Customer’s perceived value of a service is presented in Figure 2.4 below. Perceived value 

eventually affects the customer’s intentions to repurchase the service. Moreover, it can affect 

the perceived relative value of the offering, which refers to the customer’s perception of the 

offering’s value related to similar offerings in the market. (Petrick 2002, p. 121) Acting ra-

tionally, the customer should opt to purchase the offering with the most favorable perceived 

relative value. 
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Figure 2.4. Customer’s perceived value of a service and its effect on repurchase decision. 

(Petrick 2002, p. 124) 

 

2.4 Customer Relationships 

As implied in Chapter 2.3, it is important to maintain high customer perceived value, as it 

increases the customer’s intentions to repurchase. High customer perceived value can there-

fore lead to customer loyalty and long-lasting business relationships. This can also increase 

the supplier’s profits through lower relationship costs and premium pricing opportunities. 

(Grönroos 2015, p. 177) 

 

Customer perceived value can be seen as the basis of customer relationship profitability. In 

Figure 2.5 there is presented a conceptual model, which demonstrates the path from per-

ceived value to a longer customer relationship and eventually a higher profitability. The aim 

of the model is to present the main mechanisms that lead to relationship profitability and the 

links between them. Also, the main factors, which affect each mechanism and its subsequent 

link, are presented. 
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Figure 2.5. Conceptual model of the path from perceived value to customer relationship 

profitability. (Grönroos 2015, p. 178) 

 

As described in the Chapter 2.3.3, customers perceive value through their judgment over 

perceived quality and perceived sacrifice. If the perceived sacrifice is not too high compared 

to the perceived quality, customers can be satisfied in the offering. Customer satisfaction 

further affects two factors, which lead to relationship strength: customer commitment and 

bonds. If customers feel they can trust the supplier or they feel pleased with the level of 

sacrifice required in the relationship, they may become committed to the supplier. If the 

customers recall that the supplier makes it more economical or more comfortable in general 

to keep favoring them, customers can tie bonds to the supplier. Therefore, customer satis-

faction has a direct effect on the strength of the relationship. (Grönroos 2015, pp. 177-178) 

 

Customers have almost always alternative solutions available in the market. However, the 

relationship strength of the customer and the supplier affects the number of alternatives the 

customer might consider. The stronger the relationship, the fewer alternatives the customer 

perceives to exists. By critical episodes in Figure 2.5, there is being referred to unfavorable 

incidents during the business relationship. The stronger the relationship, the less incidents 

tend to occur, and moreover, the less unfavorable the incidents those occur, are perceived by 

the customer. Fewer alternatives, fewer and less impactful critical episodes increase the 

length of the relationship. (Grönroos 2015, p. 179) 

 

Relationship length as such increases the level of customer specific profits. Additionally, in 

longer relationships, satisfied customers tend to purchase more from the supplier. This pat-

ronage concentration effect increases the total share the customer invests in the company, 

which increases the profits even more. Longer relationships also ease the collaboration of 

critical episodes, as both parties get to know each other and their processes better. This can 

improve cost efficiency of episode configuration, which again increases profitability of the 

customer relationship. (Grönroos 2015, p. 179)  

 

The conceptual model does not take into account some important external factors, such as 

new solutions introduced through new technology or aggressive promotions with lower 

prices by competitors, which can affect even the strongest customer relationships (Grönroos 

2015, pp. 179-180). 

 

2.5 Mutual Value Creation 

According to service logic, service refers to applying skills and knowledge to resources with 

a purpose to support the customer’s value creation (Grönroos 2015, p. 43). It is important to 

note, that the creation of value occurs in the processes of the customer. From Parasuraman 

and Grewal’s (2000) four components of value (see Chapter 2.3.3), service provider’s sup-

port for value creation occurs in the value in-use phase. (Grönroos 2015, p. 13) 

 

Services act as facilitators which support the customer’s processes over time. In a business 

relationship, the resources of the service provider and the customer interact, the provider will 

connect with the customer’s processes and may have opportunities to affect them. The ser-

vice provider’s main focus should, therefore, be in the customer’s processes instead of re-

sources, such as goods and services. (Grönroos 2015, p. 13) 
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Adopting any external support to its operations, such as using suppliers, subcontractors or 

financing institutions, always involves co-creation of value. The customer’s value is created 

in a value generating process, which is displayed in Figure 2.6 below.  

 

 

 

 

 

 

 

 

Figure 2.6. Value generation process according to service logic. (Grönroos 2015, p. 14) 

 

The customer value generating process consist of customer sphere, provider sphere and a 

joint sphere. Customer’s value creation occurs in the joint sphere and the customer sphere. 

The value creation begins in provider sphere, where the provider creates potential value 

through design, development and manufacturing. The customer may then realize the poten-

tial value in-use in their own processes. In the joint sphere, the customer and the provider 

directly interact with each other’s processes. In an ideal situation, their processes don’t run 

parallel to each other, but merge together. (Grönroos 2015, p. 15) This means interactive and 

collaborative interplay, where the parties dialogically communicate and potentially influence 

each other’s processes in a way that may further develop the created perceived value. A co-

creation platform can be formed. (Grönroos & Voima 2012, p. 141) 

 

For a co-creation platform to be established, it is mostly up to the customer’s willingness. If 

the customer is not inclined to listen, communicate and work with the provider, no co-crea-

tion platform can exist. Therefore, it is the customer who is in charge of and drives the value 

creation process. (Grönroos 2015, p.15) The customer also needs to understand at least the 

outlines of the provider’s business logic. On the supplier’s side, it is important that they 

identify the customer’s processes and their relevant practices, maintain and develop their 

own level of technical performance and service attitude, and manage and preserve a recip-

rocal communicative dialog with the customer. (Grönroos & Helle 2010, p. 573) Moreover, 

the quality of the interaction between the supplier and the customer is highly important. Poor 

interaction can turn a creative process into destructive. The supplier also needs to understand 

the customer’s value creating processes outside their direct interaction. By understanding 

this, the supplier can adjust its interaction in the joint-sphere accordingly and thus improve 

itself from a facilitator into a co-creator. (Grönroos & Voima 2012, p. 141) 

 

The size of the joint-sphere (or co-creation platform) depends on at which stage of produc-

tion or development the supplier allows the customer to have an influence on the offering. 

The larger the joint-sphere, the greater the potential there is for value co-creation (or destruc-

tion). The customer might also be active themselves, and contact the supplier’s back-office 

for example regarding a failure in quality (critical episode). Depending on how the episode 

is handled eventually affects the value creation of the customer either favorably or destruct-

ibly. The larger the join-sphere, the more it dominates value-creation and the more the sup-

plier shifts itself from a facilitator towards a co-creator, assuming the supplier is capable of 

treating direct interactions with the customer in favorable ways. (Grönroos & Voima 2012, 

pp. 141-142) 
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2.6 Value Creation in Lean-Philosophy 

Lean-philosophy was first established through ideas developed in Toyota Motor Corporation 

as early as in the 50s, however, not until in the 70s the concept was made wider available 

outside Toyota. Moreover, only in the next decade there was published literature regarding 

lean in English (f. ex. Shingo 1981, 1988; Monden 1983, Ohno 1988). (Hines et al. 2004, p. 

994) Through the high competition in the Japanese car markets with scarce resources there 

was formed innovations for the strategic level of a company to shift into customer-oriented 

approach, such as value creation and understanding of the customer (perceived) value, and 

lean thinking towards its operations (Siponen et al. 2010, p. 19). On the operational level, 

the goal is to eliminate waste and excess from the production, which are defined as following 

in the Toyota Production System (TPS): 

• overproduction 

• waiting 

• transport 

• inappropriate processing 

• unnecessary inventory 

• unnecessary motion 

• defects (Hines & Rich 1997, p. 49). 

 

Even though lean thinking was originally innovated for the automobile industry, the core 

ideas are widely utilized in other businesses, as well, and regardless of whether a company’s 

offering in question is a physical product or a service (Womack & Jones 1996, p. 141). In 

other words, the lean-philosophy has developed into a broader interpretation, which does not 

only focus in its original tools, but rather in its main core ideas. It has evolved from mere 

acceleration of production into more comprehensive development of operations and man-

agement. (Siponen et al. 2010, p. 19). 

 

According to Womack and Jones (1996), as long as value is created in a process which passes 

through multiple departments or even multiple different companies, there can always be rec-

ognized waste on the way. In lean thinking, there is strived towards better efficiency and 

perfection through the following cyclic process of development: 

1. Identify the precise value required by the end-user. 

2. Define the offering’s entire value stream and eliminate waste. 

3. Make the remaining value-creating steps flow. 

4. Design and provide what the customer wants only when the customer wants it. 

5. Pursue perfection. (Womack & Jones 1996, p. 141) 

 

As shows, in lean-philosophy customer perceived value and value creation, which were dis-

cussed in Chapters 2.3 and 2.5, constitute the basis for the development of the company’s 

processes. Its premise is that regardless of the company’s field of operations, every offering 

has a process in which customer value is created and facilitated over to the end-user. But 

only after the customer’s requirements and actual needs have been defined and clarified, can 

this process of value creation be further developed. (Siponen et al. 2010 p. 23) Womack and 

Jones (1996) emphasize especially defining the value from the perspective of the attributes 

required by the customer (quality) and providing it at a precise time (Womack & Jones 1996, 

p. 141). 
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Porter (1985) was first to define a company’s core processes which create value for the cus-

tomer as a value chain. In value chain analysis, the company’s activities are divided into 

primary activities, which are directly tied to the company’s value creation, and secondary 

activities, which serve as supportive measures for the primary activities to function properly. 

However, as companies tend to specialize more and more towards special expertise, the sup-

portive functions are often procured from external providers. This leads to networking of 

companies, which is especially characteristic for digitalized supply chains. Then, the goal is 

to tie different providers, customers and even competitors into one value creating collabora-

tive system. (Siponen et al. 2010 pp. 24-25) However, as value flows between different de-

partments of a company or even across companies, the only value these different entities are 

guaranteed to recognize, is the value for themselves, as they strive for profit and better effi-

ciency in their own processes. This leads to partial optimization, which can be detrimental 

for the customer’s value creation if these different definitions of value conflict with each 

other. (Womack & Jones 1996, p. 141) A value chain, its which its different functions rec-

ognize the end-user value is illustrated in the Figure 2.7 below. 

 

 
 

Figure 2.7. Different functions along the offering’s value chain recognizing the require-

ments of the customers (Modified from Siponen et al. 2010, p. 84). 

 

After defining the required value of the end-user, in lean-philosophy there is recognized the 

non-value-adding activities, which are the earlier listed seven wastes as they are defined in 

the Toyota Production System. Overproduction is viewed as one of the most disadvanta-

geous waste, as it hinders the flow of the products or services and thus affects quality and 

productivity. It also leads to storages, which ties the company’s capital. (Hines & Rich 1997, 

p. 49) Depending on the context, overproduction can also be considered as an activity that 

is carried out faster than it is required to. Waiting is waste, which transpires as products, 

components or employees remain inactive and it occurs when activities are arranged ineffi-

ciently. Properly minimizing waiting should not lead overproduction, though. (Siponen et 

al. 2010, p. 27) 

 

Transporting is a type of waste, which usually cannot be completely eliminated. Therefore, 

the goal should be at least minimizing the act of moving products, parts or equipment from 

location to another. Transport also increases the risk of things breaking up. The fourth type 

of waste is inappropriate processing, which refers to carrying out activities by disadvanta-

geous methods relative to what is required. It can be related to manufacturing or other activ-

ity requiring equipment or machinery, where there is used one inflexible device to perform 

a stage of work instead of applying multiple flexible ones to perform the same task. This 

waste also refers to inefficiency derivering from excess quality. Taking into account neces-

sities such as safety, processes should be performed in a way that accomplishes sufficient 

enough outcome with the lowest amount of resources. (Siponen et al. 2010, p. 28) Hines and 

Rich (1997, p. 50) also sum up inappropriate processing as over-complicating things. 
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Unnecessary inventories are storages, which increase the lead-time of a process, require ex-

tra space and hinder identification of problems. They also weaken the company’s competi-

tiveness by tying its capital. (Hines & Rich 1997, p. 50) Often with unnecessary inventories 

there is actually covered up poor organization and reaction capabilities of the production. 

Unnecessary motion is all movement done by the operators in the process, which could be 

avoided, and which are not mandatory for preparation of the end-product. (Siponen et al. 

2010, p. 28) The last waste in lean-philosophy are defects, which cause direct costs for the 

company. However, defects should be viewed as opportunities to improve the value-chain 

of the end-product, as they usually indicate flaws in the process, such as quality flaws or 

deviations from standards. (Hines & Rich 1997, p. 50) 

 

After identifying the wastes, they are eliminated or minimized from hindering the recognized 

value-chain of the offering. In lean-philosophy, the goal is to make the different steps in the 

value-chain flow continuously from the beginning to the end. This may involve reorganiza-

tions and introductions of new technologies in the process. (Womack & Jones 1996, p. 141) 

By the lean logic of flow, there is being arranged the remaining value creating steps to func-

tion rather as a continuous stream rather than as independent and separate units. This usually 

includes changing and fading out the boundaries between the units (be it different operations 

or departments in a single company, or boundaries between companies), and also concen-

trating the targets and goals of the units towards the recognized value creation of the whole 

system, instead of only their own activities. (Siponen et al. 2010, p. 28) 

 

In lean-philosophy, as the most efficient way for the value chain to activate is through pull 

production. With this, there is referred to the value chain (production of the offering) only 

starting to operate after receiving an impulse from the customer. (Womack & Jones 1996, p. 

141) This means that, optimally, the offering is never stored as only demand creates incen-

tive for the offering to be produced. Reducing storing of goods and resources, pull produc-

tion can cut down the amount of the company’s committed capital. Holweg and Pil (2001) 

describe that pull production is the most advantageous way to respond for the customer de-

mand and it also enables flexibility of processes, products and volume (produced). Opti-

mally, the requirements of the customer should be guided directly into production, so that 

decisions would be based on actual demand instead of predictions (Siponen et al. 2010, pp. 

29-30) 

 

As mentioned in the process of applying lean into a company’s operations, the last step is 

called pursuing perfection. Pursuing perfection or constant improvement derives from the 

preceding steps of applying lean, because according to the philosophy, as a more specific 

interpretation of value is identified, there can always be recognized more waste. Therefore, 

there can also be distinguished more ways to reduce effort, time, space, costs and errors in 

the company’s activities, so that it can provide more precisely the required value for its cus-

tomers. (Womack & Jones 1996, p. 141)  
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3 The Maintenance Manual 
 

In this chapter, there is studied which tasks contractees and planners are obliged to fulfill 

during a construction project to produce building life cycle information. 

 

3.1 The Maintenance Manual 

According to the Finnish Land Use and Building Act, for any building that is intended for 

residential or commercial use, or that is used for the technical management or maintenance 

of the building site or plot, there has to be complied a maintenance manual. The manual is 

also to be compiled in the case of those renovation projects which require a building permit. 

The manual must include information necessary for using and maintaining the building, con-

sidering the purpose of use, features, and the designed useful life of the building, its parts 

and appliances. (MRL 1999/132 § 117) 

 

According to Justander & Puhto (2003, p. 30), the main objective of the maintenance manual 

is to assist the real estate management in a way that accelerates its operations. The existence 

of the manual itself does not signify good real estate management, but the key is that the 

manual needs to support the management strategy in order to achieve the possible advantages 

it may add. Therefore, the real estate management strategy should always be devised before 

the prerequisites of the manual are specified. 

 

A proper maintenance manual should enable: 

• shorter periods of downtime for the structures, appliances and systems of the build-

ing 

• ease the access for the information regarding appliances and systems 

• accelerated performance of the appliances and systems 

• enhanced time management for the real estate maintenance 

• decrease in storage costs 

• improved access to diagnostics and repair information, history and other data. 

 

Typical different stakeholders related to the process of bringing together the maintenance 

manual of a building are presented in the Figure 3.1 below: 

 

 
Figure 3.1. Typical stakeholders in a construction project, which participate in compiling 

the maintenance manual of a building. (Rakennustieto Oy 1999, p. 3) 



19 

 

The maintenance manual of a new building or a renovated one is compiled during the plan-

ning and construction processes. The representative of the client designates a maintenance 

manual coordinator, who collects the necessary data and documents from the project actors 

and brings together the maintenance manual. The responsibilities of different actors in the 

project and the exact required content of the manual are agreed upon in the contracts between 

the actors. If the actors employ subcontractors, it is in their best interest to include the nec-

essary clauses related to maintenance manual documentation in these subcontracts, as well, 

to guarantee that all the required data and documents will be delivered by their subcontrac-

tors, too. Thus, every party in the project becomes committed into delivering the necessary 

documentation related to their task forward.  (Rakennustieto Oy 1999, p. 3) 

 

The content and extent of the maintenance manual varies between different buildings. The 

content of the manual also depends on whether the manual is compiled for a new building 

or an existing one (different points in building life cycle). For example, the availability and 

extent of source information regarding the building varies considerably between new and 

old buildings. Moreover, in the case of new buildings the final objectives of the end-users 

might not always be known, whereas regarding existing buildings the manual is usually 

adapted considering the structure, methods and objectives of the end-user organization. 

(Pirinen & Kukkonen 2002, p. 555) Also, real estate owners may possibly set certain special 

requirements for the manual, which affects the variation between the contents of different 

manuals even more (Rakennustieto Oy 1999, p. 4). Regarding the variation between mainte-

nance manuals between different buildings, it is quite telling that as Justander & Puhto 

(2003, p. 51) conducted their inquiry concerning the contents of maintenance manuals, a 

common question among professional actors operating during building life cycles, such as 

real estate owners and maintenance service companies, was “What actually is the mainte-

nance manual?”. 

 

The objective is that the manual is as practical and comprehensive as possible (Rakennustieto 

Oy 1999, p. 4). Usually, the maintenance manual consists of at least the following sections: 

• real estate general information 

• management and maintenance 

• repairs and replacements 

• (maintained) historical data regarding renovations and energy and water consump-

tions 

• attachments 

• separate management and cleansing instructions and a user-manual for the end-users 

(Pirinen & Kukkonen 2002, p. 555). 

 

Pirinen & Kukkonen (2002) outline how the maintenance manual can be applied regarding 

different roles in real estate management: 

• Real estate owner: 

o Attachment on inviting real estate management organizations for bid 

o Attachment in management contracts 

o Comparison material for surveying and monitoring management operations 

o Documentation regarding task fulfilments during period of guarantee 

o Source of general information 

• Real estate management organization: 

o Arrangement of tasks 

o Measuring of tasks 
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o Archiving performed tasks 

o Archiving energy and water consumption 

o Source of general information. (Pirinen & Kukkonen 2002, p. 556) 

 

Regarding building repairs and replacements, the manual should include the following in-

formation: 

• useful lives of the essential structural parts 

• long term plan of maintenance 

• estimated maintenance periods 

• external structure information 

• maintenance history 

• management feedback concerning repairs and replacements (Pirinen & Kukkonen 

2002, p. 556). 

 

The information in the maintenance manual is the property of the real estate owner, and it is 

stored in professional real estate information management systems, which nowadays are 

usually cloud platform services, such as Tampuuri, Fatman or Granlund Manager to mention 

some. However, the maintenance organization of the building participates actively into fill-

ing out, updating and enriching the information of the manual. As maintenance tasks are 

carried out, there are reported all of the scheduled tasks, such as advance or total maintenance 

tasks, inspections and adjustments, unexpected tasks, like fault repairs and comments and 

other notes into the operational notebooks in the owner’s maintenance manual. Some parts 

of the manual, essentially maintenance schedules, the maintenance organization may repro-

duce into their own enterprise resource planning systems (ERP), which are designed for al-

locating the maintenance resources optimally and functionally as possible to meet the re-

quirements of the building. (Kuismin 2018) The relation between the maintenance manual 

and the maintenance organization is discussed more in-depth in Chapter 4.2. 

 

Myyryläinen (2006) conducted an inquiry regarding the technical maintenance and its prac-

tical development, in which there participated three real estate owners and 12 maintenance 

organizations. The most common results and comments regarding the utilization of the 

maintenance manual in the survey were the following: 

• Maintenance manuals were generally perceived to be a good thing, however, the var-

iation of the manuals between different buildings and their typically poor quality was 

regarded even as crippling for the maintenance work. (Myyryläinen 2006, p. 258) In 

addition, according to Justander & Puhto’s (2003) similar inquiry, maintenance com-

panies felt that they were rarely included in the assembling of maintenance manuals. 

As the manual is usually compiled by parties which are not going to use it, its content 

and functionality end up in jeopardy. (Justander & Puhto 2003, p. 58) 

• The upkeep of the manual was discovered as problematic, as it was sometimes un-

clear how it should be organized and there was even uncertainty in who has the re-

sponsibility to do it. 

• Electronic maintenance manuals were causing issues in the cases when the mainte-

nance worker did not have a PC or an internet connection available. 

• The fast-evolving technical systems were perceived to be causing trouble due to the 

expertise and training of the maintenance workers lagging behind. 

• It was generally perceived that the energy consumption reports were not utilized in 

any form, and thus preparing them was felt wasted. 
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• Usually, the work of the maintenance organization was assessed based on the mainte-

nance receipts. However, as a better solution there was considered assessing the qual-

ity of the work based on factors such energy consumption of the building and end-

user satisfaction. Even when regarded as important, these factors were not included 

for example in the pricing of the contracts in any way. 

• Moreover, there was suggested that the maintenance worker could be motivated for 

more target-oriented energy consumption and better customer service through ob-

serving of results and pay-for-performance systems. (Myyryläinen 2006, pp. 258-

259) 

Kuismin (2018) also added, that oftentimes there is uncertainty whether the information in 

the maintenance manual is actual and up-to-date. This is a problem especially with older 

buildings, which have been used for a long time and there could have taken place several 

changes and refurbishments. 

 

3.2 Role of the Prime Contractor 

The stakeholders in a construction project of a building can be generally divided into the 

categories presented in the Figure 3.2 below. 

 

 
 

Figure 3.2. Different collaborators in a construction project (Rakennustieto Oy 2016, p. 

1). 

 

Contractors in a construction project are those, who carry out the construction of a building 

by the commission of the orderer of the project. The prime contractor of the project is in 

charge of the main command of the construction. If there is no prime contractor named in 

the commercial documents of the project, the orderer of the project is the prime contractor. 

(Rakennustieto Oy 2016, pp. 4-5) 

 

The prime contractor manages the construction project through operations, which organize 

and integrate different stakeholders in the project. The prime contractor’s construction man-

agement responsibilities include: 

• administration, general management and nomination of the site supervisor in-charge 

• performing the obligations of prime contractor provided by the legislation 

• keeping of the project’s timetable 



22 

 

• organization and integration of different tasks on the project 

• insuring the tasks of the project. (Rakennustieto Oy 2016, p. 4) 

 

During the construction, the contractors produce various kinds of information and documen-

tation. As the specific content of the maintenance manual relies laboriously on the require-

ments of the different buildings and real estate organizations, the prime contractor relies 

mainly on the maintenance manual coordinator in order to provide the required documenta-

tion. (Pirinen & Kukkonen 2002, p. 555) As mentioned earlier, to compile all the necessary 

information and documentation over the course of the construction, the prime contractor 

includes this responsibility in the contracts with its material suppliers and subcontractors. 

The prime contractor collects the documents from its subcontractors and handles them for 

the maintenance manual coordinator. Based on the coordinator’s feedback, the prime con-

tractor complements the material before it is presented for the project orderer. (Ra-

kennustieto Oy 1999, p. 4) 

 

Regarding the maintenance manual, the prime contractor delivers at least the following doc-

uments they receive from their subcontractors for the coordinator and planners: 

• the useful lives and repair and replacement period information regarding installed 

building parts and appliances 

• usage, upkeep, maintenance, repair ja replacement manuals along with necessary lo-

cation information 

• device sheets with corresponding measuring and adjustments records 

• concerning coating and painting performed on-site  

o the whereabouts of the prepared spots 

o priming (equipment and methods) 

o finishes (product names, hues) 

o useful lives concerning the conditions 

o instructions for re-painting (from the manufacturer) 

o instructions for the coating upkeep (from the manufacturer) 

o the emission classes of the materials and substances 

• complete information regarding the surface materials and coverings. 

The prime contractor also hands over any other project-specific documentation agreed upon 

in the contracts, and usually is in charge of introducing the maintenance organization into 

performing maintenance, upkeeping, repairs and replacements safely in regard to the build-

ing parts and appliances provided by the contractor. (Hein et al. 1999, p. 54) 

 

3.2.1 Nature of Construction Projects 

Construction projects are temporary activities, in which the interests of different organiza-

tions and actors connect. The stakeholders of the project utilize each other’s abilities to ac-

complish a mutual result through planning and construction. Planning and construction have 

always been based on collaboration of the stakeholders, and in this collaboration, there par-

ticipates numerous different people from different organizations, who possess highly diver-

gent fields of expertise regarding their knowledge and abilities. (Penttilä 2006, p. 511) 

 

In the last decades, the construction industry has utilized increasingly more digitalized tools 

and services. However, compared to many other industries, the digitalization of construction 

has advanced far more slowly. The reasons behind the slow progress are believed to range 

from lack of economic resources to a lack of measurement tools regarding the benefits of 
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ICT and its mobilization processes. (Penttilä 2006, p. 511) Moreover, the industry is prone 

to economic trends, it bears countless of actors of relatively small size on average, its end-

products – the buildings – are largely unique and the owners and the orderers of the projects 

are a group of diverse, fragmented actors (Saarentaus 2018, p. 21). The uniqueness of the 

projects leads to discontinuity of procedures, as processes are being revised according to 

every new project. Project-specific peculiarities also lead to unforseeability, as the variable 

characteristics of real estates tend to cause surprises. In every project, there is being reserved 

room for adjustments as flexibility may be required by the new setting. This hinders attempts 

to standardize processes of construction and the built-environment itself. (Siponen et al. 

2010, p. 60) 

 

The functionality of the ICT itself is not enough for them to become common, but the ques-

tion is, how to incorporate them in part of the everyday processes and methods of the people 

working in the projects. This leads to another perspective to the difficultness of renewing 

the practices of construction, which is its conservative nature. Even though construction is 

project-natured where actors tend to alternate, the well-tried co-operation relationships and 

networks of planning and construction are likely to become established. The once picked-up 

positive approaches are adopted, solidified and preserved among the parties in the construc-

tion industry. (Penttilä 2006, p. 511) The resistance for change in the industry is substantial 

from the fronts of planners to builders and from contractors to real estate owners (Saarentaus 

2018, p. 21). 

 

3.3 Role of the Construction Planners 

Planning process of a building spans from the very beginning of a construction process up 

until handover for the customer. In the planning phase, there is comprised a lot of infor-

mation which create basis for the information management of other components in the con-

struction process. Planning includes several different parties, and therefore, the importance 

of communication is emphasized. As information is created in numerous different fields, 

there lies risks for the information to not reach all the necessary sides of the project. From 

the building life cycle stand-point, the operational period bears the largest risk to miss plan-

ning information as it only comes after the construction and planning phases are concluded. 

(Justander & Puhto 2003, p. 22) 

 

Construction planning is divided into architect planning (ARK) and special planning, which 

refers to structural planning (RAK), technical building services planning (TATE) and other 

branches of special planning, such as interior design (SIS) or fire consultant (PALO). Tech-

nical building services planning can still be subdivided into heating, pipe, air conditioning 

and ventilation planning (LVI), electrical planning (SÄH) and building automation and con-

trol systems planning (RAU). (Rakennustieto Oy 2016, p. 4) 
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Figure 3.3. Typical construction planning stakeholders. 

 

The Land Use and Building Act (MRL) enacts that a head designer shall be nominated into 

a construction project. According to the act, the main tasks the head designer are to be re-

sponsible for the planning and its quality as a whole, and ensuring that the construction plans, 

and special plans form an integrated wholeness that fulfills the requirements set for them. 

(Mäkinen 2012, p. 3) Typically, a person from the architect planning group is nominated as 

the head designer of a project (Rakennustieto Oy 2005, p. 3). 

 

The tasks of the planners are divided into degrees by difficulty levels in the Land Use and 

Building Act (MRL), which are further defined in the instructions set by the Ministry of 

Environment. The difficulty levels are low, ordinary, demanding and exceptionally demand-

ing, and their definitions are described for each line of planning separately and they further 

vary between new building projects and renovation projects. (Ministry of Environment 

2015a, p. 3) The tasks of different planning groups in a project may have divergent levels of 

difficulty (Rakennustieto Oy 2016, p. 3). The Ministry of Environment has also released an 

instruction, which outlines necessary qualifications regarding different planners’ education 

and experience required to carry out their tasks. The requirements vary between different 

levels of task difficulty. The instructions are not binding but their goal is to provide a frame-

work for applying the law coherently. (Ministry of Environment 2015b, p. 3) 

 

Depending on the form of the project’s main contract, the planners are either employed by 

the orderer of the project or the prime contractor. For example, in the case of a turnkey 

contract (KVR), the prime contractor’s responsibility is to plan and construct the building. 

Whereas in the case of project management contract (PJU), the prime contractor is only 

responsible for the construction management related tasks, and it is up to the orderer of the 

project to procure the necessary planning organizations in to the project. 

 

In a typical environment, the planners produce plans with computer aided design (CAD) 

systems (Penttilä 2006, p. 510). In addition to plans, the planners prepare various sorts of 

other documentation in different points of the project. For example, in the task catalog of 
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architect planning (ARK12), the tasks and their documentation are organized into the fol-

lowing phases: 

• disclosure of [the project] requirements 

• project planning 

• preparation of planning 

• proposal planning 

• general planning 

• building permit tasks 

• execution planning 

• preparation of construction 

• construction 

• hand over / implementation 

• period of guarantee. 

Depending on the task, the planners are instructed to produce notes, disclosures, reports, 

schemas, guidelines and to construct and update the building information model (BIM). (Ra-

kennustieto Oy 2013, pp. 1-3) BIM will be covered more in-depth in Chapter 5. 

 

The plans and other documentation produced by the planners are available for all the parties 

in the project through a digital project bank. These document management systems enable 

the project stakeholders to share, update and store documents related to the project with each 

other. In addition, usually the project banks provide tools to archiving, messaging and dis-

tributing information. (Penttilä 2006, p. 510) 

 

In addition, the construction planners stay almost daily in touch via phone and email with 

the orderer, the prime contractor and with other planning groups, so that even the planning 

material in the making is accessible and can be influenced by other parties, as well., In fact, 

the significance of communication and interaction has increased in the planners’ duty over 

the recent years. The premises and conditions of planning, the needs of the orderer and the 

future user of the building and technical requirements have to be set as the “input” of the 

planning tasks. Additionally, the planner needs to convey the contents and details of the 

planning and their practical solutions for the other parties in the project. Especially the role 

of the architect in construction projects has expanded recently. In addition of the increased 

relevances of interaction and digitalization, the head designer status and emphasized eco-

nomical and managerial aspects in projects has driven architects into focusing their fields of 

know-how more specifically. Therefore, architects usually specialize in more exclusive ar-

eas, such as apartment, office or industrial planning, zoning and even CAD and modern IT 

expertise. (Penttilä 2006, p. 512) 
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4 Real Estate Management and Maintenance 
 

4.1 Real Estate Management 

By real estate management, there is referred to all the necessary operations required to carry 

out the real estate related tasks as economically and functionally as possible (Leväinen 2013, 

p. 27). Primarily, the owner of the property is responsible for the management of their assets. 

But oftentimes, there is opted to outsource the technical management and administration of 

a building for specialized real estate managers. Generally, real estate owners hold the re-

sponsibility of investments and customer relationships for themselves.  (Heinimäki & Puhto 

2001, p. 31) 

 

According to the vocabulary of real estate business, real estate business and management 

can be subdivided into different managerial categories, which are illustrated in the Figure 

4.1 below as presented by Nikander et al. (2007, p. 29). Real estate maintenance comes under 

them, and as this study focuses in it, this is further broken down into different categories of 

maintenance. Maintenance operations will be discussed more in-depth in the next chapter. 

 

 
Figure 4.1. Relation of Real Estate Management, Real Estate Maintenance and its subcon-

cepts (Modified from Nikander et al. 2007, p. 29). 

 

The objectives for the building are set by its owner and they are illustrated in the building 

management strategy. Upon composing the building management strategy, the goal is to find 

those objectives and operation models, which support the objectives of the owner and which 

utilize the resources and abilities available as efficiently as possible. Defining the strategy, 

there is also being agreed upon the division of tasks between the management, maintenance 

and repairs and replacements. The division of tasks are attempted to be made in a way that 

achieves clear principles and objectives for the different sides so that they can form a coher-

ent unity, whose operations and results can be assessed and developed. (Justander & Puhto 

2003, p. 24) 
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With the building management strategy there can be greatly affected to the costs related to 

the operational period of the building. Ideally, the formulation of the strategy is begun al-

ready in the planning phase of the building, when it is much less expensive to make substan-

tial changes regarding the building as “moving a wall is cheaper on a paper than it is in the 

building in practice”. 

 

4.1.1 Developing the Property Value 

The building management strategy should be carefully devised so that it includes all the 

phases of the building life cycle. From the owner’s standpoint, it should enable the manage-

ment of the building in a way that allows it to be rented and sold with the best possible price 

at any given time. (Justander & Puhto 2003, p. 24) 

 

The real estate management strategy should support the owner’s strategy and guide the op-

erations and decisions of the real estate management, however, it is difficult to define an 

unambiguous real estate management model for the added perceived value, as there is tre-

mendous variety between different real estate owners. Yet, as many owners strive for max-

imizing the monetary value of their property, there can be recognized the channels by which 

this can be achieved and the elements which increase value through these channels. Though, 

it is important to note that the through the value chain between the owner and the end-user, 

the value for the owner is profoundly reliant on the perceived value of the customers. This 

will be discussed in the next chapter. 

 

Jones (1996, pp. 71-72, 74) states that as the owner develops new solutions, the object should 

never be solely in short term profits or cost-savings but in aspects such the end-user experi-

ence, image of the company and benefits of long customer relationships. Achieving the prin-

cipal goals of the owner is described as the essential part of total ‘value management’, where 

value is added, managed and demonstrated for the customer, and profitability and cost-effi-

ciency of the owner’s operations should derive from the owner reaching their strategic goals. 

 

According to Leväinen (2013, pp. 100-101) the channels which increase the monetary value 

of the owner’s property are growth of revenue and growth of productivity. The channels and 

the correspondent elements which increase the owner’s property value are presented in the 

Figure 4.2 below. In the model, the owner of the real estate is assumed to be a company. 

Revenue is grown with elements which expand the owner’s operations and add value for its 

customers, and productivity is grown with elements which accelerate the development of the 

owner’s cost structure and use of resources. Employee satisfaction is described as an ele-

ment, which affects through both channels, the growth of revenue and growth of productiv-

ity, as employees who are pleased with their jobs are presumed to be more efficient (growth 

of productivity) which also increases the owner’s revenues. 
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Figure 4.2. The value adding channels and elements of real estate management strategy 

which promote the owner’s property value (Modified from Leväinen 2013, p. 101). 

 

In which of the elements the owner focuses on in its real estate strategy, depends on how 

they seek to develop their core operations. Generally, a company that wants to build up, 

focuses in growing its resources and this strategy is referred to as growth strategy. A more 

established company may prefer to devote in productivity and better utilizing its existing 

resources, this strategy is referred to as productivity strategy. (Leväinen 2013, p. 101) Typ-

ically, a company’s strategy is probably a mixture of both of the mentioned rather extremity 

strategies, and balanced in a way that best fits the company’s prevailing situation. In the next 

Table 4.1 below, there is presented the key concepts affecting the elements of real estate 

management strategy upon decision making. 

  



29 

 

 

Table 4.1. Decision-making tools for utilizing different elements in real estate management 

strategy (Modified from Leväinen 2013, p. 102). 

 
G

ro
w

th
 S

tr
at

eg
y

 

 
Increase of 

Property Value 
 

• Choosing suitable locations 

• Timely sales and procurements 

• Expertise in real estate markets 

• Risk management 

• Development of outdated real estate 

• Real estate database establishment and upkeeping 

Marketing and Sales 
Promotion 

• Choosing locations which attract customers 

• Offering spaces which attract customers 

• Utilizing the image value of the real estates 

• Creating brand supporting spaces and space solutions 

• Offering sales promoting work environments 

Bringing up Innovations 

• Supporting strategy implementation through work spaces 

• Supporting organizational changes through work spaces 

• Offering innovation process supporting work environments 

• Offering spaces which support knowledge oriented work 

Increasing Employee 
Satisfaction 

• Taking employees into account upon choosing locations 

• Offering pleasant working conditions 

• Offering pleasant working environments 

• Offering services requested by the employees 

P
ro

d
u

ct
iv

it
y 

St
ra

te
gy

 

Boosting Productivity 

• Upkeeping the spaces to ensure optimal production conditions 

• Offering productivity-supporting spaces and space solutions 

• Offering productivity-supporting environments 

• Improving logistics through better locations and planning 

Improving Flexibility 

• Offering economical flexibility 

• Offering contract flexibility 

• Offering operational flexibility 

• Offering physical flexibility 

Reducing Costs 

• Minimizing financial costs 

• Minimizing operational costs 

• Improving space efficiency 

• Proactive upkeep operations 

• Utilizing control mechanisms 

• Applying the principles of sustainable development 

 

4.1.2 The Owner’s Value Chain 

Leväinen (2013, pp. 98, 100) describes that for the owner of the real estate, value is created 

through value chains in which different operations in the field of real estate business and 

management refine the perceived added value for the owner. One perspective for the value 

chain is the real estate owner and user relationship, which is illustrated in the Figure 4.3 

below. The value chain can operate in both ways: from the user to the owner and vice versa. 

Therefore, for the real estate owner value is added when their core processes perceive added 

value, but the owner’s value is also added indirectly when the users of their real estate per-

ceive added value. As mentioned before, real estate management should support the objec-

tives of those who are utilizing the real estate, thus real estate management adds value when 

its operations, services, products and processes perform according to the fundamental objec-

tives of the real estate owner and its users and support both of their core processes in value 

adding ways. 
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Figure 4.3. Value chain of real estate management – value for the user and the owner. 

(Modified from Leväinen 2013, p. 99). 

 

Another perspective for the owner’s value chain derives from the real estate life cycle. The 

owner may develop their land and construct a building on it through contracting, and thus 

increase the expected profit they may acquire from it, for example, in the form of rent. More-

over, the owner may opt to sell their property, in which case, the market price of the real 

estate may yield value for the owner. This value chain of a building life cycle for the real 

estate owner is illustrated in the Figure 4.4 below. 

 

 
Figure 4.4. Value chain for the real estate owner from the building life cycle perspective 

(Modified from Leväinen 2013, p. 99). 

 

Note that regardless of which value chain is studied, real estate maintenance portrays a role 

in the owner’s value creation. The maintenance work of the building is oftentimes out-

sourced to specialized maintenance organizations, which will be discussed more in the next 

chapter. In case of rental apartment buildings, it is significant that the end-user who perceives 

the quality of the service is not solely the owner of the real estate, but the customers of the 

owner as well – the tenants. Therefore, it is especially important for the real estate owner to 

communicate with the service provider throughout the partnership, and assess, manage and 

develop their performance collectively, so that the objectives set by the owner can be 

achieved. (Jones 1996, pp. 73-74) 

  

Users Building 
Management

Real Estate 
Management 

and 
Maintenance

Asset 
Management

Investment 
Management Owner

Land 
Acquisition

Planning and 
Development

Marketing
Construction 

Planning

Construction 
Contracting

FinancingConstruction
Facilities 
Services

Management 
and 

Maintenance
Renouncement



31 

 

4.2 Real Estate Maintenance  

Myyryläinen (2006) divides the organization of maintenance operations into two major cat-

egories: maintenance through own personnel and collaboration, and procured services. 

These categories and their subcategories are presented in the Table 4.2 below. 

 

Table 4.2. Ways to organize real estate maintenance operations (Modified from 

Myyryläinen 2006, p. 37). 

 

Organization of Maintenance Operations 

Own Personnel 
Block Maintenance Systems and 

Collaboration Contracts 
Caretaker System 

Procurement of special and additional services 

Owner A 
Building 1, 2, etc. 

 

Owner B 
Building 1, 2, etc. 

 

Owner C 
Building 1, 2, etc. 

Own District Maintenance System 
Procurement of special land additional services 

Procured Services 

Distributed Contracts of Purchase 
Many contracts with different operators: 

HVAC Maintenance 
Automation Maintenance 

Electric Maintenance 
Elevator Maintenance 

Outdoor areas and cleaning, etc. 

Total Service Contracts 
One contract regarding all maintenance services 

 
Service provider carries multiskilled personnel 

Special and additional services through subcontracts 
Collaboration throughout the contract period 

 

4.2.1 Own Personnel and Collaboration Contracts 

By own personnel, there is referred to the owner or the user of the building employing per-

sonnel to carry out their real estate maintenance tasks. Traditionally, when a building was 

constructed, a building caretaker was employed to perform those tasks and to serve as a 

contact person for tenants, and who was also provided with a company housing. Through 

the development of labour costs and maintenance equipment, the caretaker system, where a 

single person is responsible for the maintenance tasks of a single building, has been widely 

replaced by other maintenance systems. (Myyryläinen 2006, p. 41) 

 

As the methods of facility maintenance have developed and become more technical, the 

maintenance service is requiring ever more different kinds of maintenance devises, instru-

ments and measuring tools, and importantly, professionals from various fields. Higher labour 

costs and more expensive devises and tools require for them to be used more efficiently for 

their usage to be economical. For this reason, some housing companies within a certain dis-

trict have opt to establish their own maintenance companies, which carry out their district-

specific maintenance tasks. For urban areas, a similar kind of operation model is referred to 

as block maintenance system, where the owners of closely located housing companies es-

tablish a maintenance union for resourcing the required expertise and equipment. In this way, 

the costs and the benefits can be optimized to be more satisfactory compared to each of the 

stakeholders organizing their maintenance separately. (Myyryläinen 2006, pp. 42-43) 
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4.2.2 Maintenance Services 

Nikander et al. (2007, p. 30) applies service characteristics listed by Grönroos (1987) to 

describe the nature of real estate maintenance services as following: 

• real estate maintenance service is abstract in a way that it is difficult to measure or 

assess 

• from the customer’s perspective it occurs as an event of production 

• the production occurs in the spaces of the customer 

• the contact surface between the customer and the service provider is broad 

• upon procuring the service, the customer must commit to a predefined period of time 

without seeing before, what they are buying 

• when tendering, every supplier claims to offer the same [level of] service, though 

even large differences in performance are not uncommon 

• for the customer, the maintenance service is a personal, subjective experience and 

how it is perceived depends considerably on the customer’s own values. 

Toivanen (2018) adds to this, that in the current state of the industry, maintenance services 

are generally perceived by the owners rather as compulsory items of expenditures, rather 

than as tools for improving the real estate’s productivity. This mostly stems from mainte-

nance organizations offering identical services for different real estates, even though, as it 

was discussed earlier, real estates are rather unique entireties compared to each other. There-

fore, especially managing a more excelling performance towards individual real estates is 

what guides the future development of the real estate maintenance. 

 

4.2.3 Service Contracts 

Facility maintenance services are procured through contracts between the owner and the 

maintenance company. The owner may either buy every maintenance service separately (dis-

tributed contracts of purchase) or acquire all necessary services from one partner, which is 

referred to as total service contract. (Myyryläinen 2006, pp. 44-45) 

 

Distributing maintenance contracts between several maintenance companies from different 

fields is characteristic in areas, where strong total service providers are scarce or there is not 

any. The orderer should also hold enough expertise in purchase operations and contract su-

pervision, as the importance of forming good contracts and monitoring their fulfillment is 

emphasized. Especially outlining the technical building service maintenance tasks is deci-

sive, as their complicated nature may cause overlapping of tasks, which might lead to disa-

greements and additional negotiations of responsibility boundaries. Compared to the owner 

organizing its facility maintenance tasks by themselves, outsourcing them enables it to better 

focus on its primary business, and also through competitive bidding to acquire the best avail-

able expertise to carry out the maintenance tasks. (Myyryläinen 2006, pp. 45-46) 

 

As mentioned, total service contract refers to procuring one maintenance company capable 

of performing all facility maintenance tasks related to the building. The contract model ap-

plies well in cases where the orderer desires to minimize the trouble of acquiring and organ-

izing facility maintenance work, provided that there operates such firms in the area. The 

owner invites total service providers into tender and makes a contract with the most suitable 

one. Typically, the total service provider is given free hands in reaching the appointed quality 

requirements, cost efficiency and other contract-specific matters. The service provider may 

employ subcontractors to carry out special or additional tasks but the main contract liabilities 
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apply only between the owner and the total service provider, and thus it is up to the total 

service provider to supervise their own subcontractors. For the owner, utilizing a total ser-

vice contract makes it more straightforward to monitor quality and manage maintenance 

economy, as there is only one contract stakeholder to communicate with. Moreover, revising 

the content of the service and its quality standards becomes easier and, most importantly, the 

owner can better concentrate in its own business compared to other methods for organizing 

facility maintenance. (Myyryläinen 2006, pp. 44-45) 

 

Into the contract, there are included the scheduled maintenance tasks defined in the building 

maintenance manual, which can be related to the ventilation equipment, electricity, and other 

appliances and wearing-out building parts. The schedules are based on the guidelines set by 

the manufacturers. In addition, total service contracts include such tasks, which are not cov-

ered by the statutory maintenance manual, as well. They can range from snow ploughing 

and gritting to lawn removing, brushing the yard and collecting droppings. In the contract, 

there are also settled the SLAs (Service Level Agreements) in regard to each of the tasks. 

The SLA refers to the response time until each of the tasks should be acted upon, or in other 

words, a caretaker should take the task under execution. The SLAs are determined for both 

scheduled tasks and unpredictable fault situations alike. If, however, there is not agreed on 

particular SLAs, maintenance companies tend to apply their own predetermined SLAs for 

the maintenance tasks. After the contract is established, the entire list of duties and their 

respective SLAs are transferred into the ERP-system of the maintenance organization. (Kui-

smin 2018) Examples of how building faults can be classified according to their urgency and 

causes are presented in the Table 4.3 below. 

 

Table 4.3. Examples of building faults classified by their urgencies and causes 

(Myyryläinen 2006, p. 62). 

 
Urgency 

Class 
Urgency Type Fault or other reason 

(examples) 
Estimated 
Time of Ar-

rival 

Required 
Resources 

1 Emergency 
Fire, gas leakage, accident, 
seizure 

Immediately 
(0.1-0.5 h) 

Fire department, am-
bulance, police 

2 Building Alarm 

Large water leakage, substan-
tial drain blockage, person 

stuck in an elevator, power 
outage 

Quickly 
(0.5-1.0 h) 

Maintenance worker, 
elevator maintenance 

3 Urgent Building Fault 
Water leakage, drain block-
age, front door/window bro-

ken, oil burner died down 

Urgently 
(1.0-4.0 h) 

Maintenance worker, 
elevator repair 

4 Regular Building Fault 

Heating blackout, ventilation 
halt, drain running poorly, front 

door not closing, sauna not 
heating up, roof leaking 

Ordinarily 
(4.0-10.0 h) 

Maintenance worker 

5 Unhurried Building Fault 

Lighting fault, door pump fault, 

outdoors electric fault 
On the next 

day 
(10.0-48.0 h) 

Maintenance worker 

6 
Inspection / Alongside 

other Maintenance Work 

Room temperatures faulty, 
drain is making noise, small 

leakage In the toilet seat, tap 
leakage 

Along the 
next mainte-
nance round 
(1-8 weeks) 

Maintenance worker 
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4.2.4 Assessment and Management of the Service 

Currently, the performance level of the maintenance service is being largely assessed by how 

well the maintenance company reaches the SLA-schedules determined in the contracts. De-

pending on the sophistication of the real estate information management system of the 

owner, there can be tracked down the realization of the maintenance service on different 

levels. Moreover, the maintenance company can actively produce reports for the owner 

through the information collected from their ERP. (Toivanen 2018) 

 

The interviewed maintenance organization (Lassila & Tikanoja Oyj) for this study, described 

that the ERP (Kiito) the company started developing in 2012, and which they currently use, 

is particularly advanced in the prevailing markets, even on the European level. With the 

system, there can be tracked down most of the performed tasks, and report what was done, 

when it was done and how long it took. This is mainly based on having individual caretakers 

manage and report their duties through a mobile application integrated to the ERP. The 

maintenance organization has automated the management of reaching the desired SLAs to a 

high degree. The ERP features automatic scheduling and allocation of resources to avoid 

SLA-violations and to ensure that the tasks addressed by the real estate owner are performed 

on time. 

 

The reports regarding the reached average times of performing the tasks in relation to their 

SLAs are rehearsed by the maintenance company and the real estate owner. The maintenance 

company may also compare the times it took to carry out certain tasks to the prepared pro-

duction plans. If some tasks consistently take less time in reality than what there has been 

designated, the maintenance organization can actively propose for changes to be made in the 

allocation of resources. This also applies the other way around - if the resources are under-

estimated. However, this is usually indicated by reclamations by the users regarding a lack-

ing quality of the service. (Kuismin 2018) 

 

The quality of the service is also observed through customer satisfaction surveys. Often-

times, real estate owners arrange the surveys themselves by inquiring the tenants on how 

contented they are in the level of service. But the owner and the maintenance may also con-

duct the surveys together, or it can be entirely set up by the maintenance organization as a 

service and reported onwards to the owner. Regarding fault notifications made through the 

company’s website, it is possible for the tenant to provide feedback concerning individual 

fault removals, as well. (Kuismin 2018) 

 

Toivanen (2018) remarks that the current state of assessing and managing the quality of the 

maintenance service across the industry is conservative, underdeveloped and does not enable 

outright productivity, considering how much information there exists and how little it is uti-

lized. Managing maintenance service through predefined calendars and assessing the service 

through how well they hit a target in the calendar, hinders the maintenance company from 

utilizing its expertise in its full potential and, moreover, misdirects their operations from 

providing value for the end-users. Instead of purchasing acts of performance, such as venti-

lation or electrical repairs, or cleansing visits, the real estate owners probably want to pur-

chase good circumstances, such as exquisite indoor conditions, healthy air quality, function-

ing electrical systems and otherwise pleasant environment. Currently instead, there is exces-

sively heavy focus in fulfillment of predefined tasks, which leads to a constant burden of 

proving that the tasks have been done. Through the ever-advancing technology, there should 
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be discovered ways to document, report and assess the quality of the maintenance from a 

more result-focused standpoint. 

 

4.2.5 Maintenance Processes 

The tasks of a maintenance worker are focused on those parts of the building which are built-

in and which have been agreed to belong in the scope of the maintenance work. The mainte-

nance contract may involve renewal, upkeeping, maintenance of the buildings, their equip-

ment and outdoor areas. In addition, in the case of an apartment building, the maintenance 

company must know the articles of association, which also elaborate on the tasks which 

belong in the responsibilities of the real estate. The Finnish Real Estate Federation (FREF) 

has compiled and is maintaining a separate table for sharing of responsibilities regarding the 

tasks of the housing company and its tenants. As a contact person for the tenants, the mainte-

nance worker should know the responsibilities between the housing company and the tenant, 

however, only the tasks which are defined in the maintenance contract belong to the mainte-

nance worker’s liabilities. (Myyryläinen 2006, p. 58) In some situations, though, an equip-

ment mishap or an accident for example, which does not come under the maintenance con-

tract, may bear a great harm for the building or its tenants, unless it is fixed immediately. In 

these cases, it is preferable for the maintenance company, usually acting as the initial contact, 

to attempt to fix the problem, and only later for the stakeholders to sort out the payer. 

(Myyryläinen 2006, p. 62) 

 

4.2.5.1 Scheduled Tasks 

The maintenance worker’s job is particularly varying in nature. The routine-like tasks are 

often interrupted by different kinds of alerts and immediate fault repairs. Usually, the faults 

in a building are originated by natural ageing and wearing out of the building parts, but also 

due to carelessness, usage errors and even vandalism. Also, natural phenomena can cause 

additional work and changes in the already arranged work day. (Myyryläinen 2006, p. 61) 

Excluding the alarms and immediate fault repairs, the maintenance worker’s job consists of 

tasks defined in the maintenance manual of the building, but also any other tasks agreed in 

the maintenance contract. 

 

The tasks defined in the building maintenance manual can be divided into advance mainte-

nance tasks and total maintenance tasks. Advance maintenance tasks are performed regu-

larly, usually once or several times a year, and they include routine natured work such as 

replacing filters and other wearing-out parts, inspections, adjustments and cleansing amongst 

other things. Total maintenance tasks are carried out once per year or even at intervals of 

several years. They commonly include replacing device or equipment parts, or even disman-

tling and reassembling gadgets if needed. Advance and/or total maintenance is required usu-

ally for: 

• large refrigeration units 

• backup power machinery 

• heat production systems, boilers, oil burners, fuel supply systems 

• large air conditioning systems 

• building monitoring system parts and software. (Myyryläinen 2006, p. 81) 

However, Kuismin (2018) emphasizes that while the maintenance and upkeeping of the men-

tioned systems resides into the responsibilities of the total maintenance service, when a large 
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apparatus such as ventilation machinery reaches the end of its life cycle, procuring a new 

one requires its own piecework contract, and the work is carried out by specialized ventila-

tion contractors rather than the maintenance company. 

 

Building caretakers may also perform regular inspection tours into the buildings. They can 

be performed, for example, weekly or monthly, depending on the service contracts. Obvi-

ously, into the tours there is not included individual apartment visits, but the public areas 

and technical spaces, such as the ventilation engine room, the electrical room, and the boiler 

room are common locations of interest for detecting possible errors in the functionality of 

the building. Other than examining the common measures, such as energy and water con-

sumptions, possible observations of errors are mostly based on ocular consideration of the 

building caretaker. (Kuismin 2018)  

 

In the case of the interviewed maintenance organization, L&T, there is also offered addi-

tional scheduled remote maintenance services to supplement the more conventional service 

offering. In the additional service, available building automation sensors are connected into 

a remote control center operated by the maintenance company. There, the building sensor 

data, for instance indoor conditions such as temperatures, but even information on the states 

of HVAC-machinery, such as rates of air flow, pipe system pressures or positions of valves 

can be observed or even adjusted by engineer-level specialists. (Kuismin 2018) In principle, 

the remote control center brings the expertise of a as-small-as-possible group of engineers 

available for as-large-as-possible group of building caretakers (Toivanen 2018). If the re-

mote control center identifies a deviation in the conditions or functionalities of the building 

through the sensor data, they may address an available caretaker to revise the situation on 

the spot (Kuismin 2018). 

 

As the scheduling and resource allocation of the maintenance companies has become pro-

gressively more automated, the maintenance workers are granted relatively limited options 

in choosing their daily tasks. In the ERP, there are calendars for each task in the contract, 

and the automated system allocates through a set logic the required manpower to carry out 

the tasks. The caretaker then receives a number of tasks into their smart device, with due 

dates or periods when they should be done. (Kuismin 2018) By the means of periodic mainte-

nance tasks there cannot be prevented the emergence of unexpected maintenance duties, 

however, performing the advance and total maintenance with care can affect both their reg-

ularity and quality (Myyryläinen 2006, p. 123). Due to the unavoidable sudden tasks, the 

schedule in the ERP differs from the maintenance manual in a way that it is dynamic and 

reacts to unexpected more urgent work by automatically delaying the more unhurried tasks 

out of the way. Also, in the scheduling there is avoided completely overflowing the care-

taker’s daily agenda with predefined tasks in order to enable flexibility in reacting to the 

more urgent maintenance requests and fault removals. (Kuismin 2018) 

 

4.2.5.2 Maintenance Requests and Fault Removals 

The alarms and immediate fault repairs serve as additional tasks among the regular, routine-

natured responsibilities described above. They may mix up the maintenance worker’s day, 

however, managing and dealing with them is essential from the perspectives of both the 

functionality of the building and also customer satisfaction, as it is the alarms and the urgent 

maintenance requests which appear as the most visible efforts for the customers. As the cus-

tomers usually evaluate the quality of the maintenance work according to them, these tasks 
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should be perceived rather as probabilistic affairs with possibilities than as burdens. 

(Myyryläinen 2006, pp. 81-82) Below, there is presented a process illustration (Figure 4.5), 

which portrays how a fault report is typically organized and lead through. 

 

 
 

Figure 4.5. Fault repair process from observation of the fault to repairing and registering 

it (Modified from Myyryläinen 2008, p. 63). 

 

From the maintenance worker’s perspective, the fault removal process can be illustrated with 

a process with two principled fault removal practices. The other is a more straightforward 

fault repair, which does not require to be acquainted with technical systems and which is 

typically always included in the agreed maintenance liabilities. The other one relates to 

larger repairs which requires looking through the maintenance manual, contacting the super-

visors and procurement of new appliances or equipment. The decision regarding repairing 

an old device or building part, or obtaining a new one depends on the expected life of the 

old one, its repair history, the price of the repair in relation to purchasing a new one, the 

durability and how much repair the new one might require, its other functionalities and the 

energy consumption difference between the old and the new one. (Myyryläinen 2006, pp. 

126-127) According to this, below there is presented the fault removal process from the 

perspective of the maintenance worker (Figure 4.6). 

 

Fault Register Upkeep
- Specified fault repair information (reason, scale, quantity, occasion, date)

- Utilization of the register in order to develop maintenance operations 

Fault Repair on Site
- Includes notification of fault removal

- For the fault recorder (office) and the fault reporter (tenant) by phone, text message or email

Notification for the Repairsperson
- By phone, text message, written order

- Location, agreed time, person who notified

Fault Record and Classification

- Urgency classes 1...6

Fault Report

- By phone, email or through the service providre's website

Fault Observation

- Tenant or any other person
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Figure 4.6. Fault removal process from the perspective of the maintenance worker (Modi-

fied from Myyryläinen 2006, p. 127). 

 

Most of the maintenance service organizations provide the possibility for the tenants to re-

port maintenance requests through the provider’s websites. Also, for urgent occasions, the 

maintenance companies hold 24/7 call centers. In some cases, the owners may keep their 

own websites directed for the tenants, which are referred to as tenant portals. The mainte-

nance requests may also be delivered through the owner-managed tenant portals for the 

maintenance organization. 

 

Upon a repairs gig, meeting with the contact person, such as the tenant, may be necessary 

especially, when there is unclarity regarding the nature of the fault or even where exactly is 

the fault. Moreover, sometimes the tenants want to be present during the maintenance out of 

their own request. In these cases, there is arranged an appointment with the tenant or other 

person who initiated the maintenance request. Below in the Figure 4.7, there is presented the 

service request and the following fault removal process from the perspectives of the tenant, 

the owner and the maintenance organization. 
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Figure 4.7. Service request and fault removal process from the perspectives of the tenant, 

the owner and the maintenance organization (Modified from Fira Group Oy 2018c). 

 

Kuismin (2018) emphasizes the significance of informing the end-user regarding the status 

of their service request ticket. In the case of Lassila & Tikanoja, if the contact person has 

provided their email address through the tenant portal or any other way, they will receive 

notifications concerning the ticket automatically, as the ticket is handled. Currently, as the 

ERP begins to search for resources for the task, the contact person receives a notification 

that the ticket has been received. As the caretaker arrives and they report this through the 

mobile application, the contact person receives a notification that the task has been initiated. 

And lastly, there is sent a receipt that the ticket is finished. The final notice also contains 

notes directly from the caretaker regarding what maintenance procedures were performed. 

 

However, the communication between the maintenance and the end-user may be partially 

interrupted in cases, where there is required special expertise, such as an electrician to finish 

out the task. Especially tasks related to technical building services are procured through sub-

contractors. In these cases, the maintenance company receives a significant amount of ques-

tions from the tenants regarding the state of their service ticket, as currently there is insuffi-

cient tools to deliver the information concerning the subcontractors’ processes automatically 

for the end-users. This also occurs, when a maintenance task is on hold, and waiting for a 

spare part from a supplier. (Kuismin 2018) 

 

4.2.6 The Future of Maintenance Services 

Ultimately, building maintenance constitutes of operations and exercises, which intend to 

maintain a certain, agreed upon state and condition for the building. If managed appropri-

ately, it can enable improved productivity for the owner of the real estate through enhanced 

building conditions and performance, longer life cycles of the building parts, and customer 

satisfactory through healthy, functioning and pleasant spaces. 
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Toivanen (2018) conveys that shifting the focus of assessing the quality of the services from 

monitoring how well the operations keep in predefined schedules, to evaluating the success 

of maintaining the agreed upon conditions of the building can only truly enable the mainte-

nance organizations in capitalizing their expertise. Moreover, it would bring the maintenance 

closer to generating actual value for its customers, the real estate owners, and their collective 

customers, the tenants of the buildings. 

 

This can be achieved through capturing and servitizing the vast amount of information in the 

industry and ever-developing technology. It is also important to note, that the information 

itself has a little of absolute value, but what happens after he information is collected is what 

enables the substantial benefits for the customer. If the focus is shifted towards the results of 

the maintenance work, rather than schedules, the maintenance operations could be assessed 

and managed through observing and analyzing building attributes, such as the indoor condi-

tions, air quality, customer satisfaction and so forth. (Toivanen 2018) 

 

This would require the contract scheme of maintenance to be completely revised, as there 

should be agreed on the level of conditions to be maintained. The indoor conditions of the 

building could be gathered through building automation sensors, whose prices are constantly 

decreasing, making them ever more accessible. The maintenance organization could then 

apply their knowledge through real-time condition data, and its relations to other factors, 

such as customer satisfactory, energy consumptions and maintenance response times, to ad-

just its operations and resources according to the observed and analyzed quality of service. 

(Toivanen 2018) 

 

By the means of collecting ever more accurate data, analyzing it and utilizing it in the oper-

ational management, the objective of the building maintenance in the future is to provide 

predictive maintenance services. More precisely, with this there is referred to maintenance 

services initiated through automated indicators. By setting limiting values into automated 

systems connected to the building automation sensors, the maintenance company could re-

ceive a notification from the building automation system, in case the indoor conditions reach 

the set limit-values. This could enable the maintenance organization to react to the changing 

indoor conditions perhaps even before a major fault takes place, and moreover, it could re-

duce the end-user’s burden of reporting occurred faults throughout the building life cycle. 

(Toivanen 2018) 

  



41 

 

5 Building Information Model 
 

Through the digitalization of construction planning, comprehensive 3-dimensional (3D) 

modelling of a building’s planning information was discussed over international architec-

ture, engineering and construction forums in the 1970s. The concept of a “product model for 

building” was formed, as it was referred to as “building information model” (BIM). By the 

end of 1990s, BIM was gradually shifting its way into projects in practice. (Penttilä 2006, p. 

513) In the 2010s, solutions of BIM technology are offered by all substantial providers, who 

earlier used to produce CAD solutions in the fields of architecture, engineering and con-

struction. Moreover, the main applications of BIM are being complemented by add-ons from 

new technology providers, whose number is constantly increasing at an exponential rate. 

(Eastman et al. 2011 p. 1) 

 

Building information model can be a digital description of the characteristics and function-

ality of a building, a real estate or an environment. The model can be constructed for a new 

object in planning or for an existing one with the assistance of digital sensor and measure-

ment techniques. In the early stages of a project, the model can be composed to support 

decision making. The extent of the application of BIM in a project is defined in the request 

for bids phase, and is thus project specific. Furthermore, the application and its extent is 

agreed upon in each of the planning contract separately. (Ristolainen 2007, p. 426) It should 

be noted that a building information model is not legal document related to the project, unlike 

the official 2D-drawings. Therefore, ensuring the quality of the models is completely a con-

tract-specific matter. (Nummelin et al. 2011, p. 6) 

 

Information modelling differs from mere 3D-modelling with, for instance, CAD-programs 

by including data related to the objects representing building parts and appliances. In tradi-

tional planning, designers draw lines and shapes to represent the building and its parts, and 

the lines and shapes are to be understood and interpreted by humans as representations of 

real life elements, such as walls, doors, windows et cetera. In information modelling, the 

planned objects include data so that, in addition to humans understanding what is planned, 

similarly also different modelling programs can read and agree with each other regarding the 

identities of different objects in the model. (Penttilä et al. 2006, pp. 3, 8) 

 

According to the interviews, it is the “smartness” of the objects in BIM, which enable most 

of its benefits. As a basic principle, construction parts in BIM are entities, which contain 

information regarding their geometry (shape, measures, visualization…) but also any other 

data, such as material properties, product information and so forth. Information can be linked 

to any object in BIM through their GUIDs (Globally Unique Identifiers), which are unique 

IDs the model grants for its every object. (Räsänen 2018) This will be covered more closely 

in Chapter 5.5. 

 

5.1 Common BIM Requirements 

As a result of COBIM-project, which was financed by dozens of large enterprises from the 

fields of construction and real estate and managed by The Building Information Foundation 

Ltd, there was concluded the Common BIM Requirements 2012. The requirements act as the 

minimum conditions at which information models should be implemented in construction 

projects. They also determine various tasks and responsibilities regarding the information 
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models of different planning groups and the combination model of a project in its different 

planning stages. The requirements are to be used as attachments in every design contract in 

a project that opts to apply them. (Henttinen 2012, p. 5) 

 

The model is improved the further the project progresses. Different phases of BIM and the 

corresponding phases in the project are presented in the Picture 5.1 below. 

 

 
 

Picture 5.1. Different phases of building information modelling in a construction project 

(Penttilä et al. 2006, p. 28). 

 

For the course of the project, there is nominated a BIM coordinator. The coordinator can be 

the head designer of the project, as the tasks of the coordinator and head designer are often 

somewhat overlapping, but also other suited person appointed by the head designer or the 

project management. The coordinator compiles a combination model from the models of 

different planning groups and reports of any errors or flaws in the models for the head de-

signer and other planners. According to the task list of the head designer, he or she is still 

responsible for the coordination and supervision of the different planning groups, so that the 

plans are up to date and integrated with each other. (Henttinen 2012, p. 10) 

 

Every planning group of the project maintains a model description document regarding their 

information model. The document acts as a specification of the content and used modelling 

practices of the model, and also its possible deviations from the common requirements. 

Moreover, it describes the purpose of the model and its accuracy in measurement. With the 

description, other parties can interpret the structure and degree of readiness of the model, 

and also its identification practices of building parts. The model description document should 

be updated every time the model is published for other parties to use. (Henttinen 2012, p. 9) 

 

5.2 IFC-format 

Information modelling of a building and its surroundings is carried out with a planning soft-

ware. However, different planning groups in a construction project commonly use planning 

softwares produced by different vendors, and the native formats of the BIM-files may vary 

between the programs. (Eastman et al. 2011, p. 15) Therefore, as a base requirement for a 
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qualified software, the original model in the software should be able to be saved in IFC-

format (Industry Foundation Class), which enables open data transfer between different soft-

wares. As examples of IFC-compatible softwares among different fields of construction 

planning there could be mentioned: 

• Architect planning: ArchiCAD, AutoCAD, Revit 

• Structural planning: Tekla, Allplan 

• Technical building services planning: MagiCAD, CADS. (Henttinen 2012, p. 8) 

 

5.3 Standardization of BIM 

RASTI (Rakennetun ympäristön standardoinnin tiekartta) is a project lead by Build-

ingSMART Finland, and it intends to enable the development of open standards and their 

utilization in the information management in the field of the Finnish built environment. Its 

core concept is that particularly through the development of standardization the benefits of 

digitalization can be broadly realized across the field. The aim of the project is to construct 

an information management roadmap for the key actors in the built-environment, such as 

authorities, planning, construction contracting, construction, property management and 

product information management, to reach a target condition until the year 2030. (Saarentaus 

2018, pp. 3-4, 13)  

 

As mentioned earlier in Chapter 3.2.1, the nature of construction is relatively complicated 

for the development of new innovations. Saarentaus (2018, p. 4) adds that even when there 

occurs development and well-tried ideas, they tend to remain on a project level as the results 

hardly transmit across projects. When a new project is started, the same development process 

is restarted all over again. However, merely local and project-specific practices do not rein-

force the necessary benefits enabled by digitalization. Standardization attempts to answer 

this question from the perspective of information management, acting as the collaborately 

agreed upon “game rules” in the whole field of the built environment. 

 

Regarding the significance of digitalization in construction, Saarentaus (2018, p. 8) refers to 

an article by World Economic Forum (2018), which describes that through digitalization 

there could be reached annual cost savings up to 12-20% in the global construction industry. 

In Finland, this corresponds to several billion euros of industry wide cost reductions.  Con-

cerning building life cycle information, there is recognized the call for improved information 

flow from planning and construction to the operational period of the building, as information 

modelling is perceived to be a key factor in the enabling of digitalization in the field of 

construction. EU BIM Task Group (2017, p. 4) estimates that a broader utilization of infor-

mation modelling could allow cost savings up to 15-25% until the year 2025 in the global 

construction industry. In the European market, even a cost savings of 10% would correlate 

to 130 billion euros. 

 

The mentioned estimates take into account the whole life cycle of a building where the sav-

ings accumulate over time and can even grow through business efficiency growth enabled 

by the improved quality of built-environment (Saarentaus 2018 p. 8). Costs related to build-

ing life cycle were divided into the following three categories by Evans et al. (1998): con-

struction, building operating costs and business operating costs. Hughes et al. (2004) speci-

fied on this, that the relation of the mentioned costs could be estimated to be 1:0.4:12. Ac-

cording to this, during a 25-year life cycle of a building, £1.0 spent in the construction of the 
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building equals to £0.4 spent in operational costs such as maintenance, repairs and replace-

ments, energy consumption and refurbishment, and £12.0 on business operating and sup-

porting activities and services. While the research only included the total costs of three (sim-

ilar) office buildings in the UK, it suggests that over the building life cycle operational costs 

can reach up to 40% of the initial construction costs, and in relation, the total business oper-

ational costs can extend to be multiple times both of their magnitude. (Hughes et al. 2004, 

pp. 379, 381) This puts great emphasis on the development of maintenance operations and 

even facilitating the user operations to perform more effectively. Increasing the flow of in-

formation through the building life cycle, by improving the use of BIM among other 

measures of digitalization, is believed to tackle this. 

 

5.4 BIM Applications 

Maunula et al. (2008) identified five main applications for information modelling in con-

struction. The applications are presented in the Table 5.1 below. 

 

Table 5.1. Main applications of BIM (Maunula et al. 2008, p. 383). 

 

BIM APPLICATION 
EXAMPLES OF POSSIBLE 

PERCEIVED BENEFITS 

VISUALIZATION 

Communicating designs to project stakeholders 
- end-user and owner understanding increases 
-accepting changes becomes easier 
-facilitates collaboration with authorities 
 
Comparing models within the design team 
-visual models facilitate collaboration with differ-
ent designers 
 
Illustrating design on the construction site 
-helps to understand difficult spots 

COORDINATION 

Coordinating the work of the design team 
-the merging of models to identify clashes and con-
flicts 
-identifying troublesome spots 
 
Coordinating the work on the construction site 

ANALYSIS 

Analyzing different alternatives and their impact on 
construction and life-cycle costs, f. ex. 
-energy efficiency 
-lightning 
-thermal conditions 
 
Checking the realization of requirements for the 
building 
(i.e. realization of energy consumption requirements 
that are set for the building) 

SUPPLY CHAIN 
INTEGRATION 

Using the model to produce parts for the construction 
(f. ex. structural steel frames) 
 
Managing logistics on the construction site 

FACILITY MANAGEMENT 

Examples of potential benefits: 
-tool for observing the tasks of FM virtually 
-using the model to create maintenance manual 
-updating the model when renovating 

 

In the project development phase, BIM can assist in defining the extent of the project, cal-

culating costs and outlining practical matters, such as logistics of the project. BIM can also 
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be utilized in energy consumption calculations to ensure proper energy economy for the 

building in decision making regarding energy solutions. The results of the energy consump-

tions calculations can be further used during the test runs and adjustments of the building, 

and moreover, during the period of guarantee upon monitoring the building’s consumptions. 

(Ristolainen 2007, p. 426) The model can also be used in quantity calculations, which can 

be related to calculating costs, but more exact quantity information also assists bidders to 

offer more precisely regarding building parts in the construction phase (Penttilä 2006, p. 

514). 

 

Building parts can be allocated into the model based on the stage of the project, when they 

should be installed. This adds another dimension into the model: time, and the 4D infor-

mation models in construction are referred to as production models. They can be utilized 

into preparing large phases in a project, such as element installations, castings on the spot 

and frame installations of technical building services, or for example, organizing site logis-

tics in general. (Ristolainen 2007, p. 427) It should be noted, though, that utilizing infor-

mation models in construction phase may require exclusive approaches to modelling. The 

decision regarding scheduling-enabling modelling should be made early in the project, so 

that planners can prepare for it, and any possible particularly required software for it can be 

utilized from the beginning. Regarding scheduling and organization of tasks, it is important 

to model the building similarly as it is constructed, and building parts and materials in the 

model should correspond to the ones used in the construction site in practice. (Henttinen 

2012, p. 19) 

 

BIM can be utilized in various simulations, which can assist in ensuring the extent, costs, 

functionality, safety and life cycle attributes of a building, which can be related to properties 

such as: 

• structural safety 

• structures and materials longevity 

• fire and smoke spread 

• emergency exits 

• maintenance location accessibilities 

• lights and obscurity 

• aerodynamic shapes 

• traffic flows (Ristolainen 2007, p. 427). 

 

5.5 Producing an As-Maintained Model 

For the maintenance organization to access the most accurate possible as-built model of the 

building, there should be recorded and saved the correct information of the products used on 

the site. As mentioned earlier in Chapter 3.2.1, the nature of construction is very complex 

due to its collaborative and interorganizational characteristics, and the compiling of the BIM 

is not an exception as many different stakeholders participate in it. Achieving a desired level 

of detail regarding as-built product information in modelling requires both attentive planning 

contracts and proper design management from the prime contractor towards the planning 

groups (Nummelin et al. 2011, pp. 4, 6). 

 

According to the interviews, there are two main aspects, which should be carefully per-

formed, in order for the BIM to be utilizable as possible in the usage and upkeep phase of 
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the building. The first one is the geometry. Noticing of errors in the necessary geometry of 

the BIM and fixing them is essential to be carried out already in the construction phase, as 

editing of the geometry always requires a designer capable of editing BIM-geometry in the 

specific native model of the object in question. This is taxing to do, especially once the 

construction project is already finished. From the maintenance standpoint, the geometry in 

the model cannot be expected to be a perfect resemblance of the actual building, but the goal 

should be to at least minimize the amount of errors, particularly regarding building parts 

related to the usage and upkeep of the building. Usually, the inconsistencies in the model 

geometry derive from changes made in the construction phase, which have not been updated 

into the model or which have not been noticed, or if the contractor has delivered an incorrect 

or flawed building part in regard to what has been planned. The amount of geometry errors 

is generally in correlation to the initial requirements set in the main construction contract 

and planning contracts, how sufficiently the planning is managed and also with how custom-

ary the project stakeholders are with utilizing the BIM. Ultimately, the geometry of the BIM 

should end up as an interface for employing necessary life cycle information of the building. 

(Räsänen 2018) 

 

The second aspect which should be discerned regarding the BIM in the construction phase, 

is related to the instance information of the objects in BIM, which was briefly referred to in 

the beginning of this Chapter 5. Through the object GUIDs, there can be attached data to 

any object in the model. The model can also collect the data from lists or tables external to 

the model itself, provided that the instance information of the object includes both its GUID 

and a reference attribute to the chosen external list of object properties. (Räsänen 2018) This 

joining of information to an example object (a door) is illustrated in the Figure 5.1 below. It 

is not in the scope of this study to detail explicitly this functionality, however, it is important 

in regard to linking necessary information into the model, such as during the usage and up-

keep phase of the building. 

  

 
 

Figure 5.1. Example of linking external information regarding an instance in BIM through 

object GUIDs. 

 

The external information regarding the object could be a product catalog containing the built-

in product names for each of the door objects, as in the Figure 5.1, but it can contain any 

other information as well, such as maintenance history regarding the particular object in the 
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model. A single object can also have multiple different databases linked into it. The decisive 

factor with the object data in relation to its geometry is that, the data can be easily modified 

through the databases, which in practice equals to filling out a table or a list, whereas the 

geometry requires editing of the native model, which is more demanding. (Räsänen 2018) 

 

In the construction phase, the lists, such as product catalogs, regarding the agreed-on build-

ing parts, appliances or other installations should be composed as accurately as possible. 

From the upkeeping standpoint, it is essential that the lists contain information of what has 

actually been installed, and not what was planned to be installed. In order for the product 

information gathering to be as systematic and reliable as possible, Räsänen (2018) endorses 

that it should as the contractors’ responsibilities to perform this, as they have the best infor-

mation available of what has been installed. Especially in larger projects, having the architect 

or other designer constantly updating the as-built product information into the model is not 

efficient or practical, but rather having the contractors, through contract clauses, for exam-

ple, filling out due-form tables regarding their own tasks in the project is currently the most 

productive and reliable method of bringing together the as-built data of the building. Once 

this is done, through the unique identifiers (GUIDs) of every object, the object information 

can be updated by filling out the databases as changes are made through maintenance and 

upkeeping of the building. 

 

5.6 Utilization of BIM in During the Building Life Cycle 

Part 12 of the General BIM Requirements 2012 discusses possibilities related to information 

modelling and facility management. Different fields in facility management, which could be 

supported with a proper utilization of BIM, are presented in the Table 5.2 below. 
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Table 5.2. Fields of facility management, which could potentially be supported through 

BIM-based applications (Jokela et al. 2012, p. 5). 

 
Operative Property Management End-user Services 

Management Finances Maintenance Repairs Lobby and security services 
Cleanliness services 

Contracts 
Leasing 
Risk management 
Document management 
Customer services 

Financial and operative 
planning 
Budgeting and budget fol-
low-up 

Maintenance manual 
Energy and water 
Official inspections 

 

Condition management 
Long-term planning 
Annual repair 
Rebuilding 
Renovation 
Fault repair 

Building and technical systems care and 
maintenance 

Outdoor areas care 
and maintenance 

Cleaning services Waste management 

Usage rate of maintenance 
manual 
Inspections and surveys 
Material procurement 
Maintenance and repair 

Fault and service messages 
Maintenance of facilities 
Survey of hazardous wastes 
Consumption monitoring 
Operation and mainte-
nance instructions 

Owner’s responsibilities 
Service provider’s responsi-
bilities 

Cleaning areas 
Purity requirements 
Content of service con-
tracts 
Service procurements 
Quality assessment 

 

Service procurement 
Management of services 

 

Support to property management activities by BIM based services and tools 
 Facility management 

Space management 
Energy and environmental 
management 
Maintenance budgeting 
Long-term planning 
Real-time monitoring of 
performance 

Maintenance manual, man-
agement of: 
- Technical data 
- Service requests 
- Contracts 
- Documents 
- Maintenance 

-  

  

     

BIM for operation and maintenance 

 

For the real estate owner, the most important tools are those which step up the management 

of real estate costs and life cycle effects. Utilization of BIM can offer solutions in simulating 

energy, conditions and environmental targets, reporting tools for the maintenance and pos-

sibilities for using actual quantity data for tendering. For property management, there already 

exists applications related to leasing. (Jokela et al. 2012, p. 6) 

 

Especially in larger, more challenging projects, where there will be several different users in 

the planned building, and the spaces will hold various diverse purposes of use, applying BIM 

for the space management can assist the architects (and other planners) and contractors in 

allocating these different aspects regarding the spaces. Using different allocating bases for 

conditions such as utilizations rates, owning, leasing, and even cleansing and other mainte-

nance requirements early on in the project can assist in optimizing and diversifying the man-

agement of space. (Penttilä et al. 2006, p. 14) 

 

Service providers in facility management can attain competitive advantages through a more 

efficient information management. Rapid reactions to problems and client requests are no-

ticed by the customer and increase the (perceived) quality of the service and, therefore, cus-

tomer satisfaction. (Jokela et al. 2012, p. 7) 

 

5.6.1 Applicability of the 3D-Geometry 

Räsänen (2018) emphasizes that the different tasks and duties in the fields of FM also men-

tioned in the Table 5.2 can be conveniently performed without the utilization of BIM and 

especially without a 3D-interface. Nevertheless, regarding the 3D-geometry of BIM and 

maintenance work, there is distinguished potential in cases, where there occurs an extensive 
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maintenance task, for example related to a mishap with plumbing or ventilation. Through a 

straightforward application the maintenance worker could locate important valves or locks 

without having to look through architect or technical building services plans, whose storing 

location can otherwise greatly vary from building to building. (Räsänen 2018) Kuismin 

(2018) also discussed the possibility of visualizing the on-call-caretaker’s orientation docu-

ment for the building with 3D-geometry, which could reduce the amount it takes for someone 

who has not visited the building before to find some of the key locations, such as the boiler 

room or electrical room. Sometimes, a building may have several of these rooms, and some-

times the room may be located in the building next door. It does not matter how proficient 

the caretaker is, as in case they cannot find the correct location, they cannot make themselves 

useful. 

 

The sole geometry of BIM could assist in reducing unnecessary search for information, and 

thus improve the efficiency of maintenance. However, it is important that in these systems, 

there would be implemented the possibility to carry out the tasks also without the geometry, 

so that it would not hinder the maintenance process in cases, where the maintenance worker 

does not require the geometry (in other words, is particularly familiar with the building). 

(Räsänen 2018) Kuismin (2018) also stressed, that the maintenance work is often times so 

hectic, that there is sometimes struggle in having the caretakers sign receipts with less tricky 

mobile systems, let alone 3D-interfaces. 

 

5.6.2 Applicability of Object-Specific Information 

To capture the complete added value of adding the geometry of BIM into the maintenance 

tasks, there should be clarified what information needs to be visualized through the 3D-

geometry, and the important question to answer is “How do we visualize what we are talking 

about?”. Thereupon, the 3D-visualization of information is not the entire absolute value the 

BIM can to provide into the usage and upkeep phase of the building life cycle. Regardless 

of what kind of information systems the BIM-model is utilized to improve, through the in-

stance-based implementation described in Chapter 5.5, there can be linked any kind of data 

to any object in the model, as long as the model has been composed carefully and logically. 

Even if the geometry itself is not perceived necessary to be visualized, BIM can assist infor-

mation systems used by the maintenance in allocating data to objects with precision that only 

depends on the model’s level of accuracy. (Räsänen 2018) 

 

There lies immense amounts of data over the life cycle of a building. Thus far, the data has 

not been capitalized on as much as would be possible and desirable. At least partly, this 

stems from it not being available enough for the right people at the right time, and also 

because the data is not being merged together and analyzed to produce desired relations, and 

therefore, new information. (Toivanen 2018) The interviewees mentioned ideas of different 

data, which could be linked into the object instance information in BIM, and which could 

improve the maintenance operations under certain circumstances, and these are listed below. 

 

• Sensor information from building automation systems. Especially indoor air quality 

information, such as room temperatures, humidity, air pressure, CO2-levels and 

VOC-emission (Volatile Organic Compound) levels. 

• Consumption reports (energy and water). 

• As-built product information, installation and operational manuals. 

• Usage and repair and replacements periods of building parts. 
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• Object specific maintenance histories. 

• Photographs related to conducted maintenance tasks. 

Moreover, Kuismin (2018) added that according to real estate owners interviewed by Lassila 

& Tikanoja, there is demand for information regarding the most common service requests 

concerning their buildings. Currently, this information is not collected systematically, how-

ever, the object-specific instance information of BIM could undertake this need, as well. 

 

In conclusion, having compiled an as-maintained model for the use of the life cycle opera-

tions, currently, it is the most practical to utilize BIM as a geometrical user interface for 

visualizing certain data, and/or for allocating data into the right place, be it through a visual 

presentation of the building or through tables employing object GUIDs. Especially consid-

ering the sensor information, there was underscored that instead of presenting the rigid data 

regarding the state of an object or space, the eventual objective should be connecting the 

data into automated smart systems. Systems capable of deduction through programmed logic 

and set limit-values could alert the maintenance were the conditions to exceed the limits, and 

thus enable the envisioned predictive maintenance operations. 

 

5.6.3 Applicability with Existing Software and Devices 

According to the interviews, the interviewees had not so far utilized BIM during the building 

life cycle and were not aware whether some other maintenance organization was performing 

this (Toivanen 2018). Upon making this study, the industry is in the state where there exists 

pilot projects where the geometry of BIM can be visualized as an interface, and there can be 

recorded data, such as performed maintenance tasks, related to the objects. However, there 

was not information available whether these systems had yet been put to use in actual life 

cycle operations. (Räsänen 2018) 

 

In the construction phase, the IFC-files of BIMs are viewed through viewing softwares, such 

as Solibri Model Viewer, BIM Vision or IFC Engine DLL to mention some. These systems 

are relatively complicated because of their different kinds of sophisticated functions and 

require almost always for their users to be trained on some level to be able to use them. 

However, during the life cycle of the building, the variety of different possible users and 

their abilities to apply such professional software can range greatly. To bring the models into 

the usage phase of the building, the user-interface needs to be as user-oriented and intuitive 

as possible, and the 3D-geometry should only act as a tool that guides the user. (Räsänen 

2018) The maintenance organization also emphasizes the usability with mobile devices, as 

they are such essential tools in the present maintenance work (Kuismin 2018). Therefore, 

transforming only the necessary elements of the model into either light mobile applications 

or browser-based systems, which combine the geometry into the required information is per-

ceived to be the most practical solution. Moreover, possible integrations directly into BIM 

editing or viewing programs is described as demanding considering most of these pieces of 

software are updated at least once every year, which is prone to cause interferences with 

external integrations. (Räsänen 2018) 
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6 The Service Model Concept 
 

Fira Oy is a Finnish construction company operating in the national construction market 

since 2002, which also commissioned the author to carry out this study. Especially during 

the last decade, the key idea in its core operations has been utilizing service business ideol-

ogy in construction, and thus even naming this concept as “service construction”. The com-

pany’s goal in the future is to achieve a certain, ambitious level of enterprise valuation whilst 

improving the everyday life of normal citizens. This is expected to be accomplished by ex-

tending its service offering into digitalized services and through significant internationaliza-

tion of its operations. It is also essential to recognize that only substantial industry disrupting 

innovations, new business models and creative thinking can enable the scalability required 

for this. Moreover, the new business operations should be based on management through 

information, servitization and customer experience. The construction company is not intend-

ing to perform all this by itself, but also other firms are included in, and through collaborative 

interaction the aim is to achieve a symbiosis-like growth in the international markets of built 

environment. 

 

Among other digital innovations, a concept for a service model was developed, in which the 

aim is to improve the availability of information required by different stakeholders during 

the building life cycle, which is referred to as Fira for Life (FFL). The concept was initially 

piloted in a rental apartment building project at Kivistö, Vantaa, which was completed in 

April 2017. During the year 2018, the concept was further developed together with the real 

estate owner Kojamo and the maintenance company Lassila & Tikanoja of the rental apart-

ment buildings at Retkeilijänkatu 1 and Karavaanikuja 2. The buildings were constructed by 

Fira in Christmases 2016 ad 2017, respectively. 

 

Together with the owner and the maintenance organization, the applicability of the concept 

was examined in regard to the mentioned rental apartment buildings, and also discussed, 

what the service concept could encompass in the future. The initial concept, which is also 

studied in this thesis, consisted of three service entireties, which are also illustrated in the 

Picture 6.1 below: 

• Attaching the product information, manuals and instructions to the BIM objects. 

• Linking and visualizing maintenance requests in the BIM. 

• Visualizing the temperature and humidity information of the spaces in the BIM. 
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Picture 6.1. The Service Concept of FFL. (Modified from Fira Group Oy 2018b) 

 

6.1 System Integrations through an Open Platform 

Gawer and Henderson (2007, p. 4) define product as a platform, when “it is one component 

or subsystem of an evolving technological system, when it is strongly functionally interde-

pendent with most of the other components of this system…”. Also, the demand of the end-

user is higher for the overall system than for its components when they are separated from 

the overall system. The service concept intends to integrate several information systems used 

by different parties during the building life cycle and enable the information to flow among 

the system. Integration through an open platform was perceived to be a functional method 

to carry this through. 

 

The owner of the platform can choose as a strategic decision whether the platform is open 

for third parties to join freely, or closed so that only some essential parties are invited to join 

the overall system. Both open and closed platforms require high investments from the plat-

form owner into information and communication technology (ICT). However, especially 

open platforms require high level of integration and co-operation between companies as by 

definition any third party should be able to join the platform. (Smedlund 2012, pp. 80-82) 

 

In short, value creation in the platform business emerges from the synergy the platform cre-

ates between different parties which it integrates together. Other companies, which join the 

system, expand the total content and offerings of the system. (Smedlund 2012, p. 83) In the 

project, the platform was referred to as open, as the vision was that in the future any inter-

ested service provider could join the system and contribute to the service offering. However, 

in the conceptual phase, there was only contemplated the mentioned three service entireties 

provided by the prime contractor. Through the platform, information from the different da-

tabases can be entered into an applicable web-based BIM engine. In the Figure 6.1 below, 

there is presented the conceptual system architecture of the service model. 
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Figure 6.1. The conceptual system architecture of the service model (Modified from Fira 

Group Oy 2018c). 

 

6.2 General Functionality of the Web-Based BIM Engine 

In the pictures below, there is illustrated the web-based BIM overviews and functionalities 

piloted in the project at Jaspiskuja 2 (Kivistö, Vantaa). The BIM is operated on a web-based 

platform for visualizing 3D BIM, GIS and IoT content, which is provided by Vektorio Oy. 

As in the Kojamo’s and L&T’s project there was planned to be applied similar functions, 

purposes of use, and the same BIM engine as in Jaspiskuja, the exemplifying images apply 

to the case project, as well. In the following Picture 6.2, there is presented the general inter-

face for navigating in the BIM and performing operations with its objects. At least in the 

early stages of the project, the 3D-geometry of BIM was to be put use only in the professional 

GUI (the building caretaker’s interface). 
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Picture 6.2. The general functionality of the BIM engine’s interface (Fira Group Oy 

2018a). 

 

The graphical overview can be rotated by holding the first mouse button and moving the 

mouse, and with a mobile device the same can be done with a finger. Zooming in and out is 

performed with the mouse wheel, or by scaling with two fingers in mobile. By pushing the 

mouse wheel down and moving the mouse, the user can shift the overview sideward, and in 

mobile, by moving two fingers on the screen. (Fira Group Oy 2018a) 

 

6.3 Displaying Documents through the BIM 

Documentation produced by the prime contractor in the project was to be attached into the 

BIM objects of the building. The documents were to be linked either on individual object 

level or on an apartment level, depending on the situational practicality. In the initial stage 

of the project, the following prime contractor’s handover documents were to be linked 

through the BIM’s object instance information regarding the built-in building parts and ap-

pliances: 

• product sheets 

• operating manuals 

• maintenance and caretaking instructions. 

 

In the Picture 6.3 below, there is illustrated the conceptual interface for browsing the docu-

ments of an example object (a window). 
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Picture 6.3. The building caretaker’s graphical user interface for browsing object docu-

ments (Fira Group Oy 2018a). 

 

The handover documents of the prime contractor were to be saved in a cloud storage. By 

integrating the online database into the BIM engine, through the object instance information 

the documents can be downloaded on to the used device via the graphical interface. Also 

new documents can be uploaded in relation to the object, for example due to changes made 

in the operational and upkeeping phase of the building, or to add complementary documents 

related to a building part or an appliance. 

 

6.4 Object-Specific Maintenance Tasks 

In the introductory stage of the project, the actual allocation of the maintenance tasks into 

the objects in practice was to be carried out by the customer service of the owner (personnel 

of the tenant portal). However, Räsänen (2018) underlined that for the process to flow as 

effortlessly as possible, it would be necessary that the tenants will perform the directing of 

the tasks into the objects at some point in the future. This could be implemented through 

simplified interfaces, where the user would point and click the object, indicate the mainte-

nance request and send it onwards. This could ensure uninterrupted continuity of the service 

request process while enabling the enforcement of which-object information into the mainte-

nance requests. In the Picture 6.4 below, there is presented the caretaker’s interface for dis-

playing object-specific maintenance requests and the statuses of the tasks. 
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Picture 6.4. The caretaker’s interface for displaying maintenance tasks directed into an 

object in BIM (Fira Group Oy 2018a). 

 

As it was described in the Chapter 4.2.5.2, dealing well with the tenants’ service requests is 

essential from the perspective of end-user satisfaction due to the immediate nature of the 

customer interface. However, the duties of the building caretaker generally consist of sched-

uled tasks defined in the contract between the owner and the maintenance organization. In 

the case of L&T, these tasks are organized and initiated by the highly automated ERP. Dur-

ing the course of the project, there was not yet resolved the path of system architecture, 

where a task initiated by a computer could be automatically directed into an object of BIM. 

Nonetheless, to ensure practicality and a constant flow of information in the process, attach-

ing tasks into the BIM objects should be as automatic as possible, regardless of the path and 

initiator of the task. Therefore, enabling the displaying of the scheduled tasks, as well, will 

require system integrations into the ERP of the maintenance organization at some point. 

 

6.5 Visualizing Indoor Conditions in BIM 

The indoor conditions of the building are collected by apartment-specific sensors, which are 

connected into the automation center of the building. As described by L&T, sharing the data 

of the automation center into external databases and control rooms is already applied in dif-

ferent present-day maintenance and upkeeping procedures. 

 

In the initial phase of the service concept, there is presented temperature and humidity data 

of different apartments, and the collective overview of the required information can be 

viewed through the browser-based BIM interface. The measures are displayed both through 

colored interpretations and as exact numbers. The overview displays one floor of the apart-

ment building at a time, but by double clicking an apartment, there can be focused on any 

particular apartment more closely. Regarding individual apartments, there can also be 

viewed the historical data of the measures. In addition, layers of different technical building 

service plans, such as electricity, ventilation or plumbing, can be visualized while displaying 
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the indoor conditions. The visual interface for displaying temperatures is presented in the 

Picture 6.5 below. 

 

 
 

Picture 6.5. The caretaker’s interface for displaying room temperatures on a floor level 

(Fira Group Oy 2018a). 
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7 The Recognized Value of the Service Model 
 

This study attempts to determine and explain, how the service model concept, which aims 

to improve the availability and the flow of information among the groups operating during 

the building life cycle, can create value for the building maintenance organization. However, 

it is essential to understand that according to the theory of service business and lean-philos-

ophy, value is created when the end-users, who perceive the quality of the provided service, 

are ‘better-off’ after the service has been produced. The FFL’s service model, at least in its 

initial stage, aims mostly on enhancing the operational processes of the building’s mainte-

nance company. Yet, the maintenance company exercises service business, as well. By def-

inition, its primary customer is the real estate owner through the maintenance contract. But 

the maintenance duties are directed towards maintaining a certain level of conditions, func-

tionality and other qualities of spaces, which are used by the tenants of the owner. To provide 

adequate service for the owner of the real estate, the maintenance company is directly re-

sponsible for the satisfaction of the tenants. Therefore, to create value for the maintenance 

company, the service model must improve the maintenance processes in a way that increases 

the perceived value of the end-users of the building. 

 

7.1 Displaying Documents through the BIM 

As described in the Chapter 3.1, the handover documentation devised and collected by dif-

ferent parties of the construction project is property of the real estate owner. Usually, it is 

eventually stored in cloud-based real estate information management systems, such as Tam-

puuri (which is used in the case project). The building caretakers have access into the mainte-

nance manual and handover documentation of the owner through Tampuuri, which can be 

operated on web browsers of computers or mobile devices alike. There was not information 

available on the utilization rate of Tampuuri during different kinds of maintenance visits, 

however, it is customary for the maintenance caretakers to generally access the owner’s 

maintenance manual in the end of their shifts at the maintenance depots, and to record the 

finished tasks into the owner’s system (Kuismin 2018). This indicates, that during individual 

maintenance visits accessing the maintenance manual and hence the product documentations 

is relatively rare and limited. 

 

As described in Chapter 4.2.5.2, when the building caretaker requires more information re-

lated to a task or an individual building part, it is very usual for them to make phone calls 

either to the contact person of the maintenance request, supervisors, or to other caretakers 

who might have dealt with the problem before. Oftentimes, the caretaker also has to visit the 

spot to determine, what kind of products, spare parts or installation sets the task requires. 

Having acquired the necessary items, components and equipment for carrying out the work, 

the caretaker makes another visit on the spot to actually carry out the maintenance task and 

finish out the service ticket. 

 

Both the phone calls and visits on the spot to basically gather product information can be 

seen as unnecessary motion (from the seven wastes of lean-philosophy) in the maintenance 

process. As the information exists in databases, which could be accessed remotely and by 

less time-consuming means, there can be seen clear benefits in improving the accessibility 

of the information. Accessing product information remotely through cloud storages can 
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eliminate some of the unnecessary and unproductive visits on the spot and, therefore, accel-

erate the completion of the service request process. 

 

It should be noted that the product information is already stored and available from the 

owner’s real estate information management system. However, its utilization rate is highly 

volatile, and depends on the abilities and how active individual caretakers are in going 

through the owner’s system and searching for the necessary documents (Toivanen 2018). 

Differences between systems and project practices also impact on the logic of how the in-

formation is stored, and thus how precisely it has been allocated on different building parts 

and appliances, and further how accurately and efficiently the user can filter out the infor-

mation. 

 

Object-specific documents in BIM is an alternative method for filtering out and discovering 

correct product information, which can reduce the trouble of looking through large folder 

structures or directory trees for the caretaker. Instead, documents could be found by locating 

the desired object in the 3D-geomery of BIM. Moreover, even excluding the geometry, the 

sole classified nature of the information in BIM can enable enhanced search options. As an 

example, if the caretaker knows, that a steel fire door needs maintenance, using a search 

word (such as “steel fire door”) they could browse through the database, and perhaps even 

locate the desired door through the search engine. 

 

The benefits of displaying building documentation through BIM will only be realized if the 

documents are up to date. That is, after the construction the prime contractor provides the 

as-built information, but also, the documents are updated by the operational and upkeeping 

organization of the building during its life cycle. Therefore, also the functionality of the 

document uploading needs to as convenient as possible, so it does not end up “dependent on 

the user’s abilities and how active they are…” as the usage rate of the documents in the 

maintenance manual currently is. 

 

In order for the utilization of BIM to not be based on the user’s personal activity, it should 

be incorporated into the everyday processes of the maintenance, its information should be 

easily available, and the used systems and processes should guide their users by the infor-

mation. Moreover, the likelihood that the BIM is utilized and updated during the building 

life cycle should increase the more necessary information and functionalities there are in-

cluded in it. Merging ever more documents required by the maintenance and upkeep into the 

model and building up its database, together with adding up more functionalities and service 

entireties, such as linking the maintenance tasks and displaying indoor conditions and con-

struction plans, all add up to the total value deriving from the benefits of synergy. 

 

In conclusion, provided that the linked documentation in the model is comprehensive and 

up-to-date, and that there is succeeded in incorporating its utilization systematically in the 

everyday processes of the maintenance caretakers, it can reduce some of the unnecessary 

motion (needless visits on the spot, phone calls, sluggish information search methods) which 

there currently occurs. It holds potential in directly reducing the time it takes for the caretaker 

to complete service requests. This increases the tenants’ perceived value of the service by 

decreasing downtimes, and also by lessening the required visits by the maintenance in the 

building. In the case of displaying documentation through the BIM, the end-user’s value is, 

therefore, added by decreasing the tenant’s burden related to the maintenance process. 
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7.2 Object-Specific Maintenance Tasks in BIM 

Directing the maintenance tasks into object-specific level engages into managing the mainte-

nance caretaker’s operations with increasingly more accurate task commissions. Currently, 

the specificity of the caretaker’s task commissions depends either on the tenants’ abilities to 

describe the building fault (service requests) verbally (calling the maintenance service) or in 

writing (notifying through a website). In case there is unclarity regarding what the fault is or 

where it is, the personnel of the tenant portal, the on-call maintenance service or the assigned 

caretaker may contact the tenant for further details, or the caretaker may arrange a meeting 

with the contact person. Provided that the building fault is by any means complex to deter-

mine for a layman, it is up to the caretaker to diagnose the problem on the spot. As an exam-

ple, if the tenant informs that the tap in their kitchen is leaking, it is not yet enough infor-

mation for the caretaker to be able to prepare for the maintenance with the correct spare parts 

and tools, as the problem could be with a broken seal, nozzle or valve, for instance. On the 

other hand, through the maintenance service the tenant has the privilege to contact the pro-

fessional support, so that they do not have to know everything. (Kuismin 2018) 

 

As discussed in Chapter 5.6.2, provided that the building fault can be displayed in the 3D-

geometry of BIM, directing the task into a particular object in BIM can reduce confusion 

with where the fault is situated in the building or an apartment, and moreover, if there is 

several similar objects in the space (such as windows, doors, radiators, wall sockets, for 

instance), the caretaker knows exactly in which corner of the room the object in question is. 

This can reduce the amount of phone calls or appointments with the contact person regarding 

additional information for the task. 

 

Also, in case there is an extensive maintenance task, such as replacing every ventilation 

terminal in the building with a new filter, through the 3D-geometry the caretaker could flag 

the completed tasks, and then observe the progression by the means of the visualization 

(Räsänen 2018). Additionally, before a larger task is even kicked off, with an overall picture 

of the building and the tasks, there could be planned ahead how the project should be carried 

out efficiently, and perhaps even distinguish troublesome spots beforehand. 

 

Despite displaying what the fault is and where it is, through BIM the caretaker can examine 

its surroundings and the related construction plans by viewing the interlinked technical 

building service (as-built) models. Like so, forming the overview of the fault situation, the 

caretaker may find necessary valves and locks related to the task through the visualization. 

(Räsänen 2018) Also, observing the overall system related to the fault, such as the plumbing 

line, ventilation or air conditioning system or electricity section as a whole, there could be 

better diagnosed the fault’s sphere of influence. 

 

Elaborating the fault as accurately and as early as possible in the fault removal process holds 

potential in direct cost-savings in the maintenance work. When the fault is not defined suf-

ficiently enough, the caretaker may arrive on the spot, and end up discovering, that the task 

actually requires, for instance special expertise in the field of technical building services. For 

example, if the fault is defined as “lighting does not work”, the actual issue might not be a 

died-down bulb, but the whole lamp could be broken, or the switch. As nowadays the care-

taker is not allowed to even open sockets, the task would require an electrician. In this way, 

before there is arranged the costly visit of an electrician, the caretaker has already charged 

their hourly cost on top of that. (Kuismin 2018) 
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Linking maintenance tasks into BIM objects also enables the maintenance organization to 

store the service ticket information in a more accurate way. Currently, the building’s fault 

information can be systematically tracked down into apartment-level at best. However, 

through object specific maintenance tasks, there could be gathered the maintenance history 

of a single building part or an appliance and have it attached to its corresponding object in 

BIM. Through object-specific maintenance history, even a caretaker who has not visited the 

building before could know that the object has caused problems before, and if the history 

also included a recorded solution description, they could save time by not having to spend 

so long figuring out the fix, and most importantly, by preparing in advance with the proper 

parts and equipment for the task. 

 

Moreover, object-specific tasks could enable the maintenance company to report towards 

the owner more accurately on what kind of maintenance tasks there has been carried out, 

and which building parts or appliances they have been related to. As mentioned earlier, this 

has already been requested by real estate owners, and henceforth it could be possible. It could 

further allow the maintenance organization and owners alike to operate the building more 

economically through more favorable procurements, as the systematic storing of object his-

toric data could enable them to avoid adverse products. Also, if some building part is found 

to be constantly failing, it could indicate that perhaps the surrounding conditions, the purpose 

of use or utilization rate is not suitable for the particular product, and it should be replaced 

altogether. 

 

The benefits of object-specific maintenance tasks are, again, mostly related to eliminating 

unnecessary motion in the maintenance caretaker’s daily routines, which creates value for 

the tenants by reducing otherwise avoidable visits on the spot. It can reduce visits related to 

identifying the fault and its location, and in defining the correct person, the required tools 

and spare parts to carry out the fault removal. Moreover, by utilizing the accumulated spec-

ified maintenance history systematically, there can be procured more durable building parts 

and appliances into the building. For the end-user of the building, the aforementioned exhib-

its with decreased downtimes, lessened maintenance visits in the building and longer func-

tioning spaces. And so, the customer’s perceived value is increased by both decreasing the 

perceived sacrifice and by increasing the perceived quality of the service. 

 

7.3 Visualizing the Indoor Conditions in BIM 

As mentioned earlier, the essence of building maintenance is to uphold a certain state and 

circumstances for the building. Visualizing the dynamic, real-time indoor conditions of the 

building is, therefore, in the core of facilitating the maintenance to perform at its most value 

creating approach for its customers, the owner and the tenants. As mentioned in the Chapter 

4.2.6, shifting the focus of managing and assessing the performance of the maintenance to-

wards a result-focused standpoint, requires accurate measures of collecting data related to 

the objects of the real estate owner and the tenants, and also implementation of automated 

smart systems, which can combine and analyze the data. Through establishing relations be-

tween the observed indoor conditions in the building and other data, such as measured energy 

consumptions, customer satisfaction, costs and resource allocation and comparing these to 

agreed limit-values can enable the maintenance to react immediately when the circumstances 

in the building begin to change. This predictive operation of maintenance is the future goal 

of real estate maintenance, and its recognized benefits are illustrated in the Figure 7.1 below, 
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where there is compared the processes of a service request, a scheduled maintenance task 

and a service task initiated by an automated system connected to the building sensors. 

 

 
 

Figure 7.1. Eliminating waste and maximizing end-user satisfaction through predictive 

maintenance. 

 

As illustrated, in theory maintenance through a tenant’s service request incorporates the 

longest downtimes for failed building parts or appliances. In addition to the downtime while 

the maintenance takes place, the contact person has to notice the fault, contact the service 

support and, depending on the urgency of the fault, the maintenance arrives on the spot ac-

cording to the SLA terms agreed in the service contracts. Service request process also con-

travenes with the basic principle of maintenance: maintaining a certain condition for the 

building, as the failure has already taken place before any measures are taken. 

 

Compared to the service request process, scheduled maintenance tasks do not require for the 

tenant to go through the fault notification process, as it is initiated through the maintenance 

organization’s ERP. This also lessens the downtime related to the task, as the downtime only 

lasts as long as the maintenance work (provided that the maintenance is carried out before 

the building part fails). The agreed schedules in the ERP are based on the manufacturers’ 

instructions stored in the building maintenance manual. The maintenance organization may 

make slight adjustments to the schedules according to the utilization rate, but they are rather 

based on the location of the building than actual measurements regarding the building parts. 

For example, in city centers, ventilation filters are usually replaced more often than in rural 

areas, and so on. (Kuismin 2018) 

 

If a task is scheduled too far into future, the building part may fail before the maintenance 

takes place. This, again, leads to a service request process, or at least customer reclamations. 

In the Figure 7.1 above, there is supposed that the scheduled task is carried out before the 

building part fails. In other words, there is carried out maintenance work in advance, before 

it is required in actuality. How much or little in advance the scheduled task is carried out, 

depends on the manufacturer’s instructions, the utilization rate of the individual part, other 

wearing down factors, and how well (if at all) these are assessed by the maintenance. In the 

case of replacing ventilation filters, there would be replaced a functioning filter with a new 

one. This can be seen as overproduction, as the maintenance work is over-resourced in a way 

that building parts are replaced before their useful lives come to end. In the case of scheduled 

tasks, there occurs substantial uncertainty in whether a building part or an appliance actually 

needs maintenance. The only thing certain with scheduled tasks is that there occurs waste. 
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Predictive maintenance operations reduce the end-user’s burden in a way that is comparable 

to the scheduled tasks. Produced successfully, service requests can be avoided, as the mainte-

nance task is initiated through automatic alarms and indicators, and the maintenance work 

itself causes the only downtime in the building. However, compared to scheduled tasks, the 

focus of the management of the maintenance operations is purely in whether the building 

requires maintenance or not. Buildings are highly unique entireties compared to each other, 

from their physical properties to their purposes of use and utilization rates, and other wearing 

out factors. Only through real-time information regarding the circumstances in the building 

there can be managed the maintenance operations from a result-focused standpoint while 

eliminating the waste of overproduction, which grows expensive for the real estate owner, 

and eventually, for the tenants. 

 

Currently, there is carried out very little maintenance activities, which can be described as 

predictive. As described in Chapter 4.2.5.1, there is performed regular maintenance tours in 

buildings, and as an additional service, there offered building surveillance by the remote 

control center according to the sensor data. However, both of these activities are rather spot-

check natured and based on human interpretation of the situation, than systematic, let alone 

comprehensive regarding the full coverage of the building. At present, there are only a few 

suppliers whose products hold sensor technology capable of enabling predictive mainte-

nance. One of them is the elevator manufacturer KONE Hissit Oy, which can connect indi-

vidual parts of their elevators, such as wearing-out belts or chains, into sensors which are 

designed to report in advance when the parts require maintenance. Nonetheless, most of the 

alarms indicated by building sensors are set by the building automation center only once 

there already prevails a failure in the building, which by definition is too late from the per-

spective of predictive maintenance. (Kuismin 2018) 

 

As mentioned before, the price levels of buildings sensors are constantly coming down, 

which allows them to be implemented into progressively larger number of buildings.  Espe-

cially into new buildings there can be installed comprehensive sensor systems upon con-

struction, and for older buildings the installation can be carried out, for instance, alongside 

larger renovations. (Kuismin 2018) 

 

The FFL’s concept includes only the visualization of the temperature and humidity data of 

the building on apartment level, and integrations into smart, automated alarms systems are 

yet to be done. As such, there can only be talked about benefits of room-specific indoor 

conditions information, and which only actualizes if the personnel of the maintenance or-

ganization actively utilize the information. Currently, when there is triggered an alarm, for 

example, related to temperatures, it is mostly addressed to the building as a whole. By view-

ing the room-specific information, the caretakers could narrow the field of influence to a 

smaller area in the building. Moreover, if the service desk receives a notification regarding 

a cold apartment, they could in some cases view the temperature remotely, and discuss with 

the tenant regarding the urgency of the situation, and perhaps whether the issue could be 

handled in the following available working day. (Toivanen 2018) 

 

For the remote control center of the maintenance, the room-specific indoor conditions could 

also provide more accurate information than what they currently operate with. Through more 

precise information regarding the building, the building surveillance operations could per-



64 

 

form in less spot-check natured methods, and also direct the caretakers into the correct loca-

tions more efficiently. (Kuismin 2018) Also, while displaying the indoor conditions, there is 

presented the as-built architect and technical building service plans in the BIM, which could 

assist the engineer-level personnel in the control center in diagnosing problems, and their 

possible causes. 

 

As such, there can be identified cases where the FFL’s sole visualization of indoor conditions 

together with the building plans could improve the maintenance operations to perform more 

efficiently. Through the use cases described above, there could be reduced unnecessary mo-

tion in the processes of maintenance by locating the causes of building faults more accurately 

before visiting the building. Without exceptions, the mentioned use cases require more or 

less for the personnel of the maintenance to actively utilize the BIM, and the activity cannot 

be referred to as automatic or even systematic. However, the more accurate allocation of 

indoor conditions through BIM can be seen as a necessary step in the development of future 

maintenance operations towards the envisaged predictive maintenance. The identified value 

of predictive maintenance created for the end-users cannot be disregarded when discussing 

the service model concept, as the building sensor technology is becoming ever more acces-

sible, and moreover, as the principle of the concept is that through the open platform there 

could be integrated more information systems to supplement and improve the service offer-

ing to cover the requirements of the entire building life cycle. 

 

7.4 Discussion of the Study Results 

In Chapter 4.2.4, there was described how throughout the whole industry of real estate 

maintenance the operations are both managed and assessed from perspectives, which would 

imply that in maintenance business there is being traded individual acts of performance. 

However, as it was learnt, to truly enable the maintenance to utilize their expertise and fa-

cilitate their customers in their value creation, both the strategic and operational focus of the 

maintenance should be shifted towards maintaining the permanence of the building condi-

tions. All things considered, predictive maintenance can enable this, and it can be justified 

as a valuable approach, which is worthwhile to pursue in the development of real estate 

maintenance. Its intentions and ideas are exceedingly similar to lean-philosophy from the 

perspectives of customer value creation and development of companies’ operational man-

agement. As a principle, the quality of the end-user’s life governs its definitive objects, and 

based on them, there is defined the means to develop the maintenance operations. Demand 

for the maintenance can be perceived to commence at the moment when the circumstances 

in the building change unfavorably, and through the approaches identified to support predic-

tive maintenance, there is responded to the customer demand when, and only when, the cus-

tomer requires the service. 

 

Applying predictive maintenance calls for considerable changes in the contract models be-

tween the life cycle stakeholders. Toivanen (2018) proposed whether in the future there 

could be only agreed on the indoor conditions and measures which are to be maintained in 

the building. From there on, the maintenance company would hold total responsibility of 

maintaining the agreed upon circumstances, which would be regularly assessed between the 

contracting parties. This could enable new payment arrangements, as the compensation of 

the maintenance could be based on how well the maintained conditions, measures such as 

energy and water consumptions and customer satisfaction correlate to the agreed-on states. 

If the level of service is discovered to be better than what was settled, the compensation 
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could be larger, and vice versa. Nonetheless, the customer would only pay for how well the 

goals are achieved. 

 

In this study, the focus was especially in identifying potential benefits the BIM-based service 

could provide for the building life cycle. It is noteworthy to mention that even though there 

can been seen benefits, for example, in reducing the number of scheduled tasks through pre-

dictive maintenance, as reasoned in the previous chapter, it may not be applicable in every 

situation. For instance, when there is a task, which not only requires one or more caretakers 

to carry out, but also equipment, which could be rented or otherwise expensive to use. A task 

like this could be replacing of fixed lamps in a building, which are located on an exception-

ally high ceiling, and there is required a personnel hoist for the task. As the hourly fees of 

the required manpower together with the equipment rent are so significant, it is probably 

more economical and practical to replace all the lamps related to, for example, a single elec-

tric group at once, rather than dealing with each lamp individually as they wear out. There-

fore, to determine the applicability of newly developed methods, their recognized benefits 

should always be compared to their alternative costs, which equal to the lost benefits of 

performing the task through existing methods. Only if the identified benefits of the new 

methods are greater than their alternative costs, can they be perceived as truly beneficial. 

 

Toivanen (2018) emphasized that there is little information or even estimates of what are the 

costs of maintaining the as-maintained BIM of the building. Only thing that is certain is that, 

when the amount of captured life cycle information increases, so does the costs of maintain-

ing the information up to date. Again, the significance of automating as much of the men-

tioned operations is accentuated, so that they would cause as little trouble as possible, and 

information is created while the caretakers perform their usual everyday practices. 

 

Also, even though the cost levels of building sensors have significantly decreased in the 

recent years, making them more accessible, it does not suggest that every failure in the build-

ing can be remotely identified through the sensor data. Kuismin (2018) noted that even if the 

maintenance receives a notification regarding cold temperatures in the building, without any 

further information, the number of possible causes for the abnormal conditions is still nu-

merous. There could be both heating and cooling turned on, the heating could be malfunc-

tioning due to air in the radiators, for instance, or the heat could be simply leaking out 

through draughty doors or windows. Of course, if even the equipment in the building are 

equipped with sensors, and if they imply that everything is functioning, it would hint towards 

a structural problem. Predictive maintenance is highly dependent on what is agreed to be 

observed through sensor data, how extensive is the coverage of the sensors, and what kind 

of logic and automation there is utilized in the indicator systems to detect deviations in the 

building conditions. 

 

Servitization of building life cycle information settles ultimately on the basis of improving 

the end-user’s quality of life. In the case study, there was a construction company proposing 

to establish such a service, and to achieve the ultimate goal, other professionals, such as the 

building maintenance and the real estate owner, acts as channels to deliver and refine the 

produced value for the end-users. The number of different actors, the systems they may use 

and the immense amount of information to be utilized in the field of built-environment is 

considerably large. As the goal of the service provider is to enable extensive scalability of 

the model, this calls for high repeatability through the same system framework with different 

actors. Information system integrations are believed to be tackled through an open platform, 
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including as accessible as possible application programming interfaces. Since some custom-

ers may require only parts of the service entirety in their operations, there may be advisable 

to establish the service model into different service packages, which include different levels 

of life cycle information integrations into the customers’ systems. 

 

According to the interviews, applying the service concept seems to be topical either only 

when the building is constructed or during a large renovation project. This is because the 

model sets its own requirements for the production of the BIM, collection of the prime con-

tractor’s handover documentation and possible building automation sensor installations. 

Otherwise, the type of the construction project does not seem to bear any significance. How-

ever, as it was discussed earlier, BIMs are not enacted by legislation in any way, and how 

comprehensive model there is devised, depends mostly on the planning contracts and also 

on how accustomed the project stakeholders are with its utilization. For the service model to 

be as scalable as possible, standardization of the BIM formulation is necessary at some point 

in the future to even the quality and comprehensiveness of the models. Moreover, as infor-

mation between different actors is expected to flow more fluidly through the service model, 

the significance of information security stands out, as the people should be able to trust the 

service model.  
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8 Summary and Conclusions 
 

8.1 Summary 

In this thesis, the object was to identify, how the service model concept, in which there is 

implemented prime contractor’s handover documentation, maintenance commissions and 

indoor conditions data into the BIM, can create value for the building maintenance. The 

research questions to be answered were: 

• What requirements does the maintenance set for the life cycle information? 

o What information is needed? 

o When is the information needed? 

• How can the building information model undertake the requirements in a value cre-

ating approach for the maintenance company? 

 

The concept of value in service business was studied, and defined by reviewing literature 

related to the subject. Value proved to be a complex concept by itself, as it is highly depend-

ent on the viewpoints of the end-user who perceives the offering. Its most essential compo-

nents are the customer’s perceived sacrifice, which in addition to the monetary price, in-

cludes any other trouble the customer may need to go through to obtain an offering, and 

perceived quality, which again includes several subjective attributes of what each individual 

customer perceives as quality. In short, perceived value constitutes of these components, and 

the balance the customer perceives regarding of what they give and what they get. 

 

Moreover, in business relationships, the customer’s value creation occurs in the customer’s 

own processes, as they carry out their operations. The service provider only delivers the 

offering for the customer, and they may even invite the customer into the development pro-

cess, in order to answer the customer’s needs better. However, by the ideology of service 

business, only how well the service facilitates the customer’s processes to perform better, 

counts as value creation. As in this study, there was studied value creation related to a com-

pany, the core ideas of lean-philosophy were gone through, as the said ideology has been 

widely utilized in the recent decades in order to develop companies’ strategic and operational 

practices. Accordingly, after recognizing the value the end-users require, there is strived to 

eliminate waste along the offering’s value chain in order to make the chain flow. Also, the 

key idea is to provide the offering for the customer only when the customer’s needs it. Lean’s 

development process if cyclic in a way, that as there is identified more precisely the value 

the end-user requires, there can always be recognized more waste along the company’s value 

chain, which should be further attempted to eliminate. 

 

Currently, in the field of real estate maintenance, there is primarily being measured, has the 

maintenance been carried out on time, which shifts the focus of the operations into hitting a 

target in the calendar. Only secondarily there is speculated, whether the building needs 

maintenance or not. Eventually, predefining schedules for maintenance tasks leads to over-

production, as it was discussed in Chapter 7.3. To tackle this fundamental problem, the 

maintenance requires better information regarding the actual circumstances and conditions 

in the building. Moreover, to improve the flow of its operations, especially the initiation of 

the service commissions should be automated from the perspective of maintaining the con-

ditions in the building unchanged, in other words, the goal is to have automated systems 

commence tasks when the conditions cross agreed upon limit values. In addition, once the 
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caretaker receives a task, there was identified notable amounts of unnecessary motion oc-

curring before the actual value of carrying out tasks was provided. Unnecessary motion ap-

pears in the forms of excessive number of visits on the spot upon fault removals, wherein 

there is gathered information on the location, nature and type of the failure. Also, there is 

uncertainty in the as-built and as-maintained information regarding the building parts and 

appliances, which the caretakers currently check on the spot rather than from the available 

digital databases. 

 

The service concept, which was studied, aims to take down information silos occurring dur-

ing building life cycles, from planning to construction, during the user operations and up 

until the eventual renouncement of the building. There is improved the availability and the 

flow of information, so that it could be better utilized during the operational phase of the 

building by different actors 

 

According to the results, even as such, the conceptual service model can improve the effi-

ciency of the maintenance operations from several different standpoints. By enabling more 

accurate task commissions, object-specific historic maintenance information and more user-

oriented ways to look for and update built-in product information, there can be reduced the 

amount of unnecessary motion in the caretakers’ everyday duties. For the end-user, this turns 

up as reduced downtimes, lessened amounts of maintenance visits, as well as more durable, 

and better functioning spaces. 

 

The benefits of the service concept are magnified the more necessary information there is 

incorporated and merged together through the advantages of synergy. Especially collecting 

indoor conditions information as accurately as possible, and having the building automation 

center indicating changing circumstances and initiating maintenance tasks builds basis for 

the future development of maintenance towards predictive operations. Predictive mainte-

nance not only minimizes the downtimes in the buildings, but it eliminates the waste of 

overproduction caused by the current impractical means of managing maintenance tasks 

through excessive scheduling. It enables the owner and the tenants of the building to utilize 

the useful lives of building parts and appliances to their fullest extent, as maintenance is 

initiated only once it is actually needed, not when a rigid calendar commands so. 

 

8.2 Evaluation of the Results 

According to the studied literature and theory of value creation, building life cycle infor-

mation and operations, there arose a prominent amount of additional questions to be exam-

ined and resolved in order to sink into the actual subject of the thesis. Even though the im-

plementation of the service in practise and system integration were initially ruled outside of 

the framing of the thesis, some aspects in the implementation, especially related to BIM 

integrations proved to be notably related to the total value creation of the service model, and 

they were included in the thesis. 

 

The perspective of real estate maintenance was examined only from the standpoint of an 

individual operator in the market, Lassila & Tikanoja. However, being one of the largest 

influencers in the national maintenance and upkeep market, and collaborating closely with 

the largest single real estate investor in Finland, Kojamo, the identified viewpoints regarding 

customer value creation, and the future development of maintenance are ought to represent 

industry leading expertise and knowledge regarding the course of the industry. The results 
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of the study are based heavily on the carried-out interviews, but they correlated substantially 

with the theories of the literature review, and together with the distinguished characteristics 

of the interviewed stakeholders, the results can be perceived as applicable towards assessing 

the value creation of similar service concepts directed towards building life cycle.  

 

8.3 Directions for Future Research 

As it turned out, to link essential information into the BIM, particular care is required in 

devising the maintenance manual of the building, installations of necessary building auto-

mation sensors, and favorably, the participation of the maintenance organization in setting 

the framework of the construction and planning contracts to ensure the requirements of the 

life cycle operations are met. From the prime contractor’s perspective this raises the question 

on how serving the building life cycle should be taken into account in their operations. Es-

pecially to ensure scalability, the courses of action and methods in the constructions sites 

should be as equal and balanced as possible, which could set demand for change and elabo-

ration in the everyday processes of the construction. New requirements for the construction 

could also affect the tendering regarding such projects, so studying the cost effects of the life 

cycle services is relevant. 

 

From the perspective of planning, there was emphasized that the content and quality of BIMs 

are currently heavily contract-specific, and they vary from project to another. Also, how 

accustomed the project personnel are in composing and utilizing the BIM, and managing its 

development in order to minimize errors and to ensure it eventually meets the requirements 

of the life cycle operators, as well. As it was described, the process of standardizing the 

information management in the field of built environment, including the BIM, is already 

taking place. Perhaps studying and determining the necessary target states for the infor-

mation in BIM, required levels of development for different building parts and appliances 

and any other content it should include could be desirable to, again, ensure the scalability 

perspective of the entire building life cycle. 

 

Even though it was discovered that through the conceptual service model there can be cre-

ated value for the customers, it does not correspond to revenues unless there is defined a 

business model for the service. As the service concept described in this thesis is still to be 

implemented in practice, it appears that the earning logic through such model is not yet clear. 

A platform was perceived as a necessary element in enabling system integrations, and espe-

cially in linking of additional systems and services. If the services are extended directly to-

wards the end-users at some point, there should be defined who “owns” the customers at that 

point, is it for instance, the owner of the building or is it the platform owner. Also, determin-

ing the size of the potential market, among other things, is an important factor in implement-

ing the service model for the operational phases of building life cycles in the future. 
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APPENDIX 1 – The Interview Struckture 

 
Ajatus: Huoltotyö muistuttaa enemmän palvelua kuin teollista tuottamista. Vaikka lopputuote olisi esimer-

kiksi uusi, ehjä valaisin, tuotettu arvo muodostuu enemmänkin siitä, että valaisin on oikeaan aikaan, oike-

assa paikassa, oikean laatuisena ja niitä on oikea määrä. Keskitytään arvonluomiseen asiakkaalle (strategi-

nen taso), mutta samalla kaikkea resursseihin liittyvää hukkaa pyritään minimoimaan (operatiivinen taso). 
 

Lean-filosofian prinsiipit: 

• Tuotteen arvon tunnistaminen perustuu asiakkaan näkemykseen 

• Arvoketjun määrittäminen – prosessikuvausten kautta. Tavoitteena arvoa tuottamattomien toimin-

tojen eli hukkien minimointi 

• Prosessien vaiheiden järjestäminen jatkuvaksi virtaukseksi 

• Imuohjaus – tehdään vain asiakkaan vaatimat asiat 

• Jatkuva parantaminen, palvelun laadun hajonnan pienentäminen ja täydellisyyteen pyrkiminen 

 

Arvo ja sen mittaaminen 

Omistaja: 

• Miten Kojamo luo arvoa loppukäyttäjille? (Miten tukevat käyttäjän pääsyä ta-

voitteisiinsa? Kuten kodin viihtyisyys, turvallisuus, terveellisyys yms. Onko Ko-

jamo tunnistanut muita?) 

• Mittaako Kojamo omaa arvonluontiaan jotenkin? Miten? 

• Miten huoltoliikkeen palvelutehokkuutta mitataan? (Energiankulutus? Asiakas-

tyytyväisyyskyselyt? Erilaisten huoltokäyntien määrä?) 

o Palveluntoimituksen oikeellisuus, tarkoituksenmukaisuus 

o Minkälaisia mittareita sopimuksissa (tyypillisesti) löytyy? 

• Palveluntason ohjaus, esim. rahallisesti. Tehdäänkö (tyypillisesti) kannustin- tai 

sakkopykäliä sopimuksiin? 

Huoltoliike 

• Miten työ-/palvelutehokkuutta mitataan? (Asiakastyytyväisyys? Sisäinen tyyty-

väisyys? Kannattavuus nyt, kannattavuus tulevaisuudessa?) 

• Minkälaisia mittareita Kiidosta löytyy työ- tai palvelutehokkuuden mittaami-

seen? 

o Palvelun nopeus, vasteaikojen täyttymiset  

 

Ovatko Kiidosta saatu tieto työ-/palvelutehokkuudesta verrattuna mitattuun asiakaskoke-

mukseen yhteneviä? (Esim. puutteellinen kommunikointi käyttäjille tehdystä työstä voi 

aiheuttaa ristiriitaa.) 

 

L&T:n huoltoprosessi 

• Onko mahdollista havainnollistaa L&T:n huoltoprosesseja prosessikaavion 

avulla? 

o Huoltokirjan mukainen ennakkohuolto (kerran tai useammin vuodessa 

tehtävät säännölliset keikat, kuten filtterien vaihto, tarkastukset, säädöt, 

puhdistukset) 

o Huoltokirjan mukainen perushuolto (yhden tai useamman vuoden vä-

lein tehtävät suuremmat huollot liittyen kuluviin rakennusosiin kuten IV-

koneet, jäähdytysyksiköt, varavoimakoneet, lämmitysjärjestelmät; osien 

vaihtoja, laitteiden purku- ja uudelleenkasaustöitä) 

o Käyttäjän huoltopyyntö (viankorjaus, esim. käyttäjän vikailmoituksesta 

alkava prosessi) 

o Onko muita? Esim. automaattinen sensorin tai laitteiston laukaisema 

huoltopyyntö 
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• Mikä käynnistää kunkin prosessin, kuka tekee ja mitä tekee, tiedon kanavat: 

mistä saa tietoa, mitä tietoa tuottaa (esim. raportit)? 

o Tärkeä: Huoltokirjan liittyminen kuhunkin prosessiin 

▪ Missä kohtaa liittyy? 

▪ Miten huoltomies pääsee huoltokirjaan käsiksi? 

 

L&T:n tavoite: vähentää turhia huoltokäyntejä 

• Miten [L&T/Kojamo] määrittelevät turhan huoltokäynnin? 

• Mitataanko näiden taajuutta jotenkin (esim. Kiidossa/Tampuurissa) 

 

L&T ja proaktiivinen huoltotoiminta 

Anturidatasta saatavat olosuhdetiedot (FFL) voisivat auttaa tavoitteeseen pääsyssä. 

 

• Suoritetaanko proaktiivista huoltotoimintaa nykyisellään? (Mahdolliset senso-

rien laukaisemat pyynnöt) 

 

• Mitä ovat tyypilliset vikailmoitukset? (Löytyisikö Kiidosta/Tampuurista tilastoja 

tähän?) 

• Näiden relaatio kehitteillä olevaan palvelumalliin, esim. reaaliaikaiset olosuhde-

tiedot, voisiko näistä olla apua proaktiivisessa mielessä tyypillisiin vikailmoituk-

siin? 

 

Ennakkohuollot ja perushuollot perustuvat huoltokirjojen ohjeisiin. Nämä ohjeistukset 

ovat yleisluontoisia, tarkoitettu kaikille kiinteistöille; toisaalta kiinteistöt hyvin erilaisia, 

erilaisissa käytöissä ja eri käyttöasteet. 

• Pystyykö [L&T/Kojamo] arvioimaan, kuinka hyvin huoltokirjojen ohjeistukset 

ennakko- ja perushuolloille vastaavat todellisuutta? (Tuleeko ns. ”turhia” huolto-

käyntejä näistä, kun käydään vaihtamassa ehjän osan tilalle uusi ehjä osa) 

• Kuinka joustavaa on säännöllinen vaihtotyö (ennakko/perushuollot), mikäli vaih-

toväli osoittautuu liian pitkäksi/lyhyeksi? 

o Kerätäänkö tällaista tietoa edes? 

o Jalostetaanko tietoa eteenpäin? 

▪ Missä järjestelmissä? Kiito? Tampuuri? 

o Hyödynnetäänkö tietoa? 

 

Tiedolla tehostetaan prosessia, jopa muutetaan sitä. 

• Anturitieto: Uskooko [L&T/Kojamo], että olosuhdetiedoilla voisi poistaa osan 

säännöllisistä tarkastuskäynneistä? 

• Minkä tyyppisellä tiedolla ennakko-/perushuoltokäyntejä voisi vähentää? 

• Huoltotyön vaikuttavuus 

o Mihin rakennusosiin/laitteisiin liittyen proaktiivista tietoa voitaisiin tar-

vita eniten (mikä loisi eniten arvoa)? 

▪ IV? Jäähdytys? 

▪ Mitä on jo saatavissa? 

▪ Toisaalta, mihin älyä voisi vielä lisätä? 

 

***Tähän kaavio kolmesta huoltokäyntityypistä (huoltopyyntö vs. ennakko/perus 

vs. proaktiivinen)*** 
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Proaktiivinen huoltotyö on Lean-filosofian ytimessä: osaoptimoinnin sijaan keskitytään todelliseen asia-

kastarpeeseen: toimivaan kiinteistöön; minimoidaan aika, kun esim. laite epäkunnossa samalla kun mini-

moidaan hukkaa, kts. kaavio. 

Hukka on tässä tapauksessa ylimitoitettua huoltoa, mikä tulee loppukädessä kalliiksi tilaajalle. 

 

Ajantasainen huoltokirja 

-Ongelmana L&T:n mukaan: Huoltokirjat eivät pysy ajan tasalla 

-Kyseessä nimenomaan Tampuurissa olevat tiedot (Case hankkeissa) 

 

• Ajantasaisen huoltokirjan merkitys: Mikä on huoltokirjan käyttöaste huoltokäyn-

neillä (perushuolto sekä huoltopyyntökäynnit)? Pystyykö tätä arvioimaan joten-

kin? 

o Sovelletaanko korjauksia paljon ilman esim. tuotetietoja? 

• Minne huoltokirjaukset päätyvät? 

o Ovatko jatkojalostettavissa (esim. Tampuurissa)? 

• Rikastaako huoltoliike itse jotenkin (muuten) huoltokirjaa? Millä tavalla? 

 

Tiedolla johtaminen (liittyy myös ajantasaiseen huoltokirjaan) 
Se kuinka tarkalla tasolla tietoa saadaan, vaikuttaa siihen, kuinka tarkalla tasolla tiedolla voidaan johtaa. 

Näkökulmana etenkin hukan minimointi ja asiakastarpeeseen vastaaminen. 

 

• Huoltomies ja tiedon saavutettavuus 

o Kuinka tarkalla tasolla huoltopyyntöjen tiedot ovat? 

o Kuinka tarkalla tasolla tuotetiedot ovat? 

▪ Tarvitaanko tähän muutosta? (Huom. tarvittava tieto vs. liika ja 

liian yksityiskohtainen tieto) 

• Missä muodossa tietoa tallennetaan järjestelmiin? 

o Kiito 

o Tampuuri 

• Miten tieto kohdentuu nykyisellään rakennuksen eri osiin? (vrt. tietomalli) 

 

Huoltokirjan osat, alla olevassa taulukossa (Hein et al. 1999, s. 47), voiko näitä priori-

soida jotenkin? 
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***Karavaanikuja 2-4 luovutusaineiston läpikäyntiä (Dropboxissa / Tampuu-

rissa)?*** 

(Onko mahdollista demota tiedon etsiminen Tampuurista?) 

 

• Miten huoltomies tavallisesti löytää paikalle korjaamaan vikaa? 

• Mitä tietoja ko. kohteissa on hyödynnetty? 

o Kuinka hyvin tieto on ollut tarjolla? 

• Mitä tietoja huoltomies hakee mistäkin järjestelmästä? 

• Minne korjaustieto kirjataan? 

o (Päätyykö tieto mitenkään huoltokirjaan?) 

o Mitä tietoja korjauksen yhteydessä kirjataan? 

• Kun aineistoa laaditaan, mietitään usein vain rakentamisen kannalta olennaisia 

asioita. Onko L&T:llä antaa jotain esimerkkejä tällaisista tilanteista? 

 

Rakennuksen tietomallit (BIM) 
FFL:n BIM demoa ei tällä hetkellä saatavissa. Voisi käyttää esimerkkinä Vektor.io:n demoa: 

https://v3-helsinki-1.vektor.io/luminary/scene5.html 

 
Tietomallien sovelluksiksi kuvataan olevan mm.: 

 
Erityisesti ylläpidon ajalle: 

-Mallin hyödyntäminen huoltokirjaa laadittaessa 

-Mallin päivitys remonttien yhteydessä 

 

Yleisesti: 

-Visualisointi 

-Osapuolten yhteisen näkemyksen kasvattaminen 

-Vaikeiden kohtien/tilojen kuvaaminen 
-Koordinointi 

-Suunnittelun koordinointi 

-Työvaiheiden koordinointi 

-Vaikeiden kohtien/tilojen tunnistaminen 

-Analysointi 

-Eri vaihtoehtojen vertailu keskenään 

-Vaikutukset käytönajalle: energiatehokkuus, valaistus, olosuhdetiedot 

-Tuotantoketjun integrointi 

 -Mallin käyttö rakennusosien valmistuksessa (esim. teräspalkit) 

 -Logistiikan järjestäminen mallin avulla 

 

• BIM-mallin käyttö nykyisellään elinkaaren aikana 

o Sovelletaanko tätä missään? 

• Voisiko tietomalleista olla hyötyä ylläpidon järjestämiseen sopimusteknisessä 

mielessä? (Yhteinen näkemys, vaikeat kohdat/tilat) 

o Todellisten määrien (as-built -oletus) hyödyntäminen esim. PTS-töissä 

• Käytönaikainen simulointi 

o Tehdäänkö tällaista nykyisellään? 

o Voisiko tästä olla apua korjaus-/muutostöiden yhteydessä? 

• Huoltomiehen perehdytys kohteeseen 

o Miten tämä tapahtuu nykyisellään? 

o Vs. 3D-visualisoinnin tuomat mahdollisuudet 

o Miten huoltoliike näkee tämän mahdollisuudet? 

▪ (Ovatko itse miettineet tätä?) 
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▪ Ideoita: huoltokirjan tietojen / valokuvien linkitys objekteihin, 

olosuhdetietojen linkitys tiloihin, navigointi rakennuksessa 

• Tiedon linkitys (BIM-mallin älykkyys) 

o Huoltokirja ei ole kovin ”älykäs” tällä hetkellä. Nähdäänkö älykkäästä 

BIM-mallista koituvan hyötyjä? 

o Mitä tietoja voitaisiin ensivaiheessa linkittää tietomalliin? (Missä fokus 

vs. liian tietomäärän välttäminen) 

▪ Mitkä laitteet useimmiten huollon kohteena, joihin voisi olla lin-

kitettynä tiedot tyypistä/mallista/osa-/komponenttiluettelot ym. 

▪ Takuutodistusten linkittäminen (huom. pidennetyt takuuajat) 

• Kuinka hyvin huoltoliike tietoinen rakennusosista, joissa 

pidennetty takuu? 

▪ Korjausvastuiden osoittaminen tietomallissa? 

• (Kojamo: Miten vastuurajat menevät vuokra-asuinkerros-

talossa?) 
 

 


