
   

 

 

 
 

 

 
 

 

 

 

 

Lauri Luoma-Halkola 
 

Modular Service Concept for Hospital Retrofits 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A thesis submitted for the degree of Master of Science in Technology 

 

Espoo  22.6.2017 

 

Supervisor:  Assistant Professor Antti Peltokorpi, Aalto University 

 

Advisors:  D.Sc. Riikka Kyrö, Aalto University  

 M.Sc. Mikael Lindgren, Ramboll Finland Oy 

 

  



 

 

  



 

Aalto University, P.O. BOX 11000, 00076 AALTO 

www.aalto.fi 

Abstract of master's thesis 

 

 

 

Author Lauri Luoma-Halkola 

Title of thesis Modular Concept for Hospital Retrofits 

Degree programme Structural Engineering and Building Technology 

Major/minor Building Materials and Physics /              

Construction Economics and Management 
Code IA3017 

Thesis supervisor Assistant Professor Antti Peltokorpi 

Thesis advisors D.Sc. Riikka Kyrö, M.Sc. Mikael Lindgren 

Date 22.5.2017 Number of pages 93 + 1 Language English 

Abstract 

 
Hospitals are technically demanding facilities that have high standards concerning oper-
ational requirements. The high amount of technology introduces a problem of rapid ad-
vance and change, which results in the need for continuously adapting more efficient tech-
nology and processes into existing facilities. 
 
This thesis revolves around specifying the problematics concerning hospital retrofits as 
well as finding solutions for overcoming them. The solutions are constructed with the help 
of earlier research and thematic expert interviews. Altogether 28 actors, including project 
managers, architects, engineers and property managers, are interviewed. 
 
Due to its old age, the Finnish hospital stock has several problems in addition to the fre-
quent need for adaptation. The problems include structural deterioration, indoor air qual-
ity problems and outdated facility designs that reduce the operational efficiency. Versatil-
ity of the problems results in large and complex retrofit projects. Complexity of the pro-
jects is mainly due to A) technical limitations of the old structures and B) continuous need 
for unforeseen adaptations.  
 
Project complexity and challenges can be alleviated by utilizing different design strategies, 
including adaptability, which divides change demands into three separate categories: ex-
pandability, flexibility and generality. 
 
Productive utilization of the strategies can be managed with the help of service modular-
ity. The study proposes five distinct service modules and 16 service components for ser-
vice providers and hospital property managers. The service modules can be used to con-
struct a modular service that matches the project-specific needs of any hospital retrofit, 
thus simplifying the design process and improving life cycle costing.  
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Sairaalat ovat teknisesti monipuolisia sekä käyttövaatimuksiltaan korkeatasoisia raken-
nuksia. Monipuolinen ja vaativa tekniikka kehittyy hyvin nopeasti, tuoden markkinoille 
jatkuvasti tehokkaampia hoitolaitteita ja menetelmiä, mikä tekee tilojen nykyaikaisena 
pitämisestä haastavaa. 
 
Tämä diplomityö keskittyy sairaaloiden päivitys- ja muutostöiden ongelmien analysoin-
tiin sekä ratkaisemiseen aikaisemman tutkimuksen ja asiantuntijahaastatteluiden avulla. 
Haastateltavina on 28 alalla toimivaa henkilöä, mukaan lukien projektipäälliköitä, arkki-
tehtejä ja kiinteistöpäälliköitä. 
 
Vanhan ikänsä johdosta suomalaisella sairaalakannalla on jatkuvan sopeutumistarpeen 
lisäksi muitakin ongelmia, kuten rakennetekniset vauriot, sisäilmaongelmat ja vanhentu-
neet tilaratkaisut, jotka heikentävät sairaalatoiminnan tehokkuutta. Käytössä olevien sai-
raalarakennuksien moniongelmaisuus johtaa monimutkaisiin ja laajoihin korjausprojek-
teihin. Sairaaloiden korjaushankkeiden monimutkaisuus johtuu pääosin A) vanhan ra-
kennuskannan teknisistä rajoituksista, ja B) toiminnan jatkuvasta sekä arvaamattomasta 
muutostarpeesta.  
 
Projektien haasteita voidaan ratkoa hyödyntämällä suunnittelustrategioita, mukaan lu-
kien erilaisia muuntojouston menetelmiä, joissa muutostarpeet on jaettu kolmeen luok-
kaan: laajennettavuus, muokattavuus ja sopeutuvuus.  
 
Strategioiden hyödyntäminen tarpeiltaan kirjavissa korjauskohteissa voidaan optimoida 
modulaarisen palvelurakenteen avulla. Työn lopputuloksena esitetään viisi palvelumo-
duulia ja 16 palvelukomponenttia. Näiden yhdistelmillä palveluntuottajat ja tilaajat pys-
tyvät vastaamaan tehokkaasti erilaisten sairaalatilojen korjaus- sekä toimintatarpeiden 
määrittelyyn ja täten vähentämään sairaaloiden elinkaarikustannuksia. 
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Key terminology 
 

 

Adaptability Adaptability refers to the buildings’ ability to adapt for changes. These 

changes can relate to internal space modifications, external capacity ex-

pansions, or multifunctionality. Moreover, adaptability describes the 

level of effort required for implementing the changes required. Enabling 

adaptability, in other words ‘future-proofing’, requires extra invest-

ments, which is why the amount and location of its application should 

be carefully evaluated (Arge 2005; Carthey et al. 2011, Pati et al. 2008, 

Pinder et al. 2017 and Vimpari et al. 2014). 

 

End-user value End-user value describes the value provided for the user, in this context 

the healthcare staff and other groups, during the retrofit project. This 

value is strongly affected by the monetary aspects concerning opera-

tional efficiency, life cycle costing and therefore, future-proofing of 

spaces. 

 

LCC Life cycle costing (LCC) is used in optimizing the monetary value of 

assets, in this case hospital facilities and retrofits, by evaluating all the 

cost factors related to their operational life. The cost factors can be sim-

plified into acquisition (design, development, implementation), mainte-

nance (regular, unplanned, refurbishment, retrofit), operation (energy, 

manpower, goods) and disposal costs (Woodward, 1997). Operational 

costs are referred to in this study as a combination of maintenance and 

operation. 

 

Modularity The definition of modularity in this thesis relies heavily on the article of 

Ulrich (1993). Modular product design (MPD) allows easy modification 

of the product as it is assembled from independent components that can 

be removed without disrupting the overall performance of the product. 

Modularity theories are also implemented in services as they allow sim-

plification of complex processes by enabling standardization while also 

maintaining customizability. 

 

Modular ser-

vice concept 

A service concept based on modular theories, which allows composition 

of customized and tailored service modules from standardized service 

components. The concept is constructed during the thesis in order to im-

prove value creation in hospital retrofits, which often have versatile and 

project-specific demands. These demands can be answered by providing 

the modular service from interchangeable and standardized components.  

 

Net usable  

area 

The space used for healthcare operation and functions. This area ex-

cludes technical spaces (walls, technical distribution shafts) and com-

mon areas (lobbies, stairways, elevators). 
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Operational  

efficiency 

Operational efficiency refers to the relation between the value provided 

by the operation and the resources required for the operation. High op-

erational efficiency thus means a highly productive hospital operation 

that can be managed with low resources. 

  

Retrofitting Improving the present state of an existing building by renovation, adap-

tation of new technology and changes of space use configuration, thus 

achieving higher operational efficiency and capital savings. Downgrad-

ing or dismantling spaces can also provide higher operational efficiency 

as demands change. 
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1 Introduction 
 

1.1 Background 

 

The healthcare industry is facing various challenges caused by megatrends, such as increas-

ing average life expectancy, world population ageing, technological advancement, urbani-

zation and globalization (Demos Helsinki 2014; Kiiski 2016 and United Nations 2007). Re-

searchers at Aalto University have predicted that the demand of social and health services in 

Finland might double by 2040, while financial resources remain practically the same with 

tax revenue growth of 7% during this period (Helsingin Sanomat, 2014). Rising costs of 

healthcare have been restrained by cutting services and extending the job descriptions of 

healthcare personnel. This approach is unsustainable and the problem asks for more innova-

tive solutions (Demos Helsinki, 2014). 

 

The government has attempted to restore competitiveness and speed up economic growth 

through budgetary measures and structural reforms (OECD, 2016). One of the most im-

portant reforms in progress concerns the social welfare and healthcare system. The reform 

may render some public healthcare functions obsolete, thus increasing the uncertainty re-

garding public healthcare facilities. One of the strategies of the reform is to increase compe-

tition by giving the public a freedom to choose any healthcare provider in their vicinity. This 

may bring new private actors in the industry, thus increasing the demand for hospital con-

struction and retrofits. (Ministry of Social Affairs and Health 2016; Saltman and Teperi 2016 

and PwC 2012).  

 

Uncertainty concerning the political environment and decision-making is not the only cause 

contributing to the high demand of retrofits. There are big problems concerning structural 

deterioration, outdated technology and poor operational efficiency of existing hospitals. Out-

dated technology has been claimed to be rather accelerating, than hindering development, as 

technology advances constantly (Carthey et al. 2011; Healy and McKee 2002 and Datta 

2000). The complexity of these problems is increased by the fact that the facilities may have 

been modified, renovated and extended multiple times without a proper master plan, which 

would address the integration of functions or remaining life cycle management. Therefore, 

the scopes of hospital retrofits can be very versatile and complex. (Kurkela et al. 2011 and 

Tolkki et al. 2013). 

 

The nature of hospital environments limits the possibilities of hospital retrofitting methods. 

Construction dust, for example, is a serious issue as it can lead to infections that can be fatal 

to patients with immune system challenges. It is nearly impossible to completely isolate ar-

eas, which is why dust producing activities should be minimized (Canadian Standard Asso-

ciation, 2012). Traditional ways of hospital retrofits are also financially questionable con-

sidering the long-term value provided concerning the remaining life cycle of the facility 

(Kurkela et al. 2011 and Tolkki et al. 2013). Outdated hospital facilities are thoroughly ren-

ovated in large and costly projects to meet the operational requirements. This renovation 

process is repeated when the previously improved operational design and technology no 

longer meets the contemporary needs. The life cycle costing (LCC) of hospital facilities 

would be improved if heavy renovations could be implemented in multiple small projects, 

in which destruction of functional structures is minimal (Kendall 2005 and Geiser 2004).  
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The healthcare environment was described by Stepanovich and Uhrig (1999) as a high ve-

locity environment due to its unpredictable nature. Traditional ways of dismantling and re-

constructing may result in poor life cycle performance as the need for modifications can be 

frequent. Great potential value could be realized by optimizing adaptable solutions in the 

retrofits. The implementation of adaptability is a long-term investment as its value is gained 

from small change adaptation procedures throughout the remaining service life of the facility 

(Arge 2005 and Carthey et al. 2011). These adaptation procedures decrease the need of heavy 

renovations and potentially prolong the operational service life (Bjørberg and Verweij, 

2009). 

 

The uncertainty, rapid change, structural deterioration as well as the high amount of techni-

cally demanding and interrelated processes inside hospitals greatly contribute to the com-

plexity of hospital retrofit projects. Innovative methods for simplifying complex processes 

can be approached through modular theories (Ulrich, 1993); modular product design (MPD) 

and service modularity theory. In modularity, the product or service consists of subassem-

blies (components) assembled from simple and small parts creating complete systems (Ma 

and Kremer, 2016). The compatibility between components, referred to as interfaces, is an 

essential part of modularity, both in products and services. A well-functioning interface en-

ables easy substitution and exchange of components, thus contributing to the lifecycle per-

formance and cost efficiency of a modular system (de Blok et al., 2014).  

 

Modularity can improve the productivity of complex processes (Ulrich, 1993), thus provid-

ing more resources for extra value creation. Research concerning modularity theories and 

system interfaces has mainly been conducted regarding elderly care in the healthcare indus-

try (De Blok et al. 2014; Vähätalo and Kallio 2015). The application of modularity in 

healthcare settings and hospital facilities should be researched further, as the concept is still 

rather unfamiliar as argued by De Blok et al. (2014). Therefore, the benefits of modularity 

should be further studied in context with the problems and potentially beneficial solutions 

of complex hospital retrofit projects.  

 

1.2 Research aim and objectives 

 

The main objective of the research is to develop a service concept, which serves the charac-

teristic properties of hospital retrofit projects. Modular theories will be the main source for 

constructing the concept, as they have proven to be a potential solution in improving the 

productivity of complex processes. 

 

This thesis addresses the problems faced in retrofits of existing Finnish hospital facilities. 

Hospital facilities often suffer from several structural deterioration mechanisms while also 

including numerous units with different functional requirements, which make the design and 

implementation of retrofits complex. Majority of the existing hospital facilities in Finland 

were designed for their initial functions in 1950-1970. They have been a subject of multiple 

renovation and adaptation procedures, which further contributes to the complexity of retrofit 

projects. The complex nature and challenges of these projects are studied thoroughly in order 

to create sustainable and practical strategies for improving the design and execution of hos-

pital retrofits.  
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One of the key drivers in this thesis is the value to the end user, as it reflects the desirability 

of the constructed end product (results). The end user value is greatly affected by the life 

cycle costing of the facility, which can be decreased by rigorous preparation for future needs 

and problems in the design phase. An approach based on modular theories could provide 

more tools for reducing complexity and improving the value provided. In order to address 

the main research problem, three separate research questions (RQs) are formulated: 

 

RQ1: What problems exist in the current methods of hospital retrofits? 

 

The first RQ takes an in-depth look into the problems encountered during hospital retrofit 

projects, while having an emphasis on the factors that contribute to end-user value depreci-

ation. While this question is discussed persistently, rare retrofit cases and problems are ex-

cluded, thus enabling an extrapolated view, which contributes to the formulation of a scala-

ble service concept solution.   

 

RQ2: How can these problems be solved based on modular theories? 

 

The second RQ evaluates the problems found in the previous RQ in the light of different 

modular theories and solutions.  

 

RQ3: What would a service concept based on modular theories look like? 

 

Finally, the third RQ concludes the research by formulating an example of a service con-

cept, which is based on the most promising modular theories discussed during the second 

RQ.  

 

The main objective is to evaluate the feasibility of incorporating modular theories as a solu-

tion for the problems encountered in hospital retrofit projects, thus also addressing their 

value provision.  Promising results will be used to establish a modular service concept, which 

aims to bring high value for both the healthcare organization and the service provider. The 

service concept will provide a productized and scalable solution to improve the value of 

offering, as well as executing, hospital retrofits. The solution can be adapted to match the 

project-specific characteristics of any hospital retrofit. 

 

1.3 Context and scope of the study 

 

The research is carried out as part of Aalto University’s research project Healing and Mod-

ular Healthcare Facilities (HeMoHes) project, which aims to create sustainable approaches 

in the healthcare industry. While the research is conducted by Aalto University, Finnish Oc-

cupational Healthcare Center and University of Helsinki, the two-year research program also 

includes several industry partners (construction companies, consultants), as well as user and 

client organizations (hospitals and hospital districts) from Finland.  

 

This thesis focuses on hospital retrofitting in Finland, but the discussed properties are similar 

in Nordic countries and many of the solutions are applicable in healthcare facilities all around 

the world. Hospitals built before 1980 are the main target of the research, as they present the 

largest and most problematic group of existing hospital facilities in Finland. While retrofit-

ting of existing hospital facilities is the main focus, retrofits of office premises into hospital 
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facilities is also a part of the scope. These procedures can also increase, as the number of 

private actors in the industry may rise.  

 

The most common retrofit procedures and problems are discussed, excluding unique or mi-

nor cases. Extrapolation of different qualities and focusing on the major problems enables a 

higher market demand or range of applicability for the results, which supports the main ob-

jective of creating a scalable service concept. It also narrows down the scope and allows a 

more thorough analysis on the problems and solutions.  

 

Modular service concept is created for hospital specific retrofits, such as indoor building 

service upgrades and space modifications. The concept primarily includes retrofitting of ex-

isting Finnish hospitals, but it may also provide cost-effective solutions for new construction 

production and have a high market demand outside of Finland.  

 

Although energy costs are an important part of retrofitting and life cycle optimization, they 

are disregarded as their development is a different topic with vast existing knowledge as well 

as standardized solutions included in contemporary technical applications.   

 

2 Research design 
 

This chapter introduces the research approach and describes the research process. Section 

2.1 begins by giving justifications for the chosen research approach. The research process is 

then described in Section 2.2. Section 2.3 concludes the chapter by presenting the qualitative 

interview data collection and analysis processes in order to justify their validity. 

 

2.1 Research approach 

 

The constructive research approach (CRA) was determined to be the most reliable method-

ological approach for this qualitative research after thorough planning and outlining of the 

goals as well as suitable methods. Lehtiranta et al. (2015) describe CRA as a pragmatic, yet 

rigorous, methodological approach that successfully enables practical problem solving while 

creating theoretical contribution. A pragmatic philosophy fits the nature of this research and 

the researcher himself. Problem solving is at the centre of constructive research. However, 

not all problem solving-oriented research can be categorized as constructive.  

 

As presented by Kasanen et al. (1993:246), there are four elements that should always be 

included in CRA (Figure 1). 1) Practical relevance, 2) Theory Connection, 3) Practical Func-

tioning and 4) Theoretical Contribution. These elements are applied throughout the thesis by 

providing practical solutions for the problems encountered in hospital retrofits. Modularity 

and adaptability will be used as the theoretical lenses in this problem solving, which finally 

contributes to the research on facility and construction management. 
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Figure 1. The four elements of CRA (adopted from Kasanen et al. 1993:246). 

 

Kasanen et al. introduced CRA in account management research in 1993. Its applicability 

has been further examined and developed since by various researchers. Lehtiranta et al. 

(2015) studied CRA in problem solving for complex projects. They recognized a general 

difficulty in combining theory with real-life problems and thus, in the formulation of well-

functioning practical results. They argued that there exists a gap between linking theory to 

practical problems, which can potentially be bridged through constructive approach. This 

fits this research well, as bridging modular theories into the practical problems and potential 

solutions of hospital retrofits may be difficult. Oyegoke (2011) discussed the adaptation of 

CRA in project management research. He argues that results or constructions obtained 

through CRA may have a higher practical value for the industry compared to those from 

usual case studies, as the main focus is in problem solving in collaboration with the industrial 

partner.  

 

Deductive and inductive logics of reasoning are characteristic for CRA. Deductive logic is 

applied in literature review and interview preparation as it aims to apply general theories to 

particular situations. Inductive logic proceeds from these particular situations to statements 

about the results’ and is used in validating the findings and constructing the solution. Thus, 

the logic of reasoning behind CRA can be described as abductive because it includes cyclical 

application of the deductive and inductive processes in formulation of the results (Lehtiranta 

et al., 2015). The logical reasoning cycle is repeated throughout the research process as new 

important theoretical data is found or required in further validation of the results. The use of 

deductive and inductive cycles during the CRA process phases is illustrated in Figure 2.  

 

 

 
 

Figure 2. CRA process phases (Lehtiranta et al. 2015; Kasanen et al. 1993). 

 

Lehtiranta et al. (2015) prove the efficiency of CRA in practical problem solving in a com-

plex construction project with a case study example. Not only are the solutions helpful, but 

the practical theory contribution gives a comprehensive basis for further development of the 

subject. Their case study and the research at hand share similar properties, as hospital facil-

ities are complex structures and the advancement of technology as well as treatment methods 
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further contributes to their complex nature. Kasanen et al. (1993) described the characteristic 

features of CRA in general: 

 

(i) It is a step by step procedure, so that the nature of the steps is specified in the 

framework system, within which the method is applied 

(ii) The possibility exists to check every step, or every phase in the construction. 

(iii) The procedure as a whole serves some definite purpose. Thus, building construc-

tions is a goal-directed activity. 

 

The construction of the results, or answers for the research questions presented in Section 

1.1, is a complex process with several variables that are a subject to change as new data is 

continuously discovered from the literature and the interview analysis. Application of CRA 

in the research process simplifies the management of data by creating a systematic structure 

for the thesis. It is also important to have a clear outline and description of the process to 

enable better theoretical contribution, which is one of the two major goals of the constructive 

approach (Lehtiranta et al., 2015). Therefore, the research process is described in the next 

section. 

 

2.2 Research process 

 

The research process of this thesis is illustrated in Figure 3. The process steps are then de-

scribed in greater detail. In addition to the described steps, group meetings and workshops 

are carried out throughout the thesis. Meetings are held with the supervisor and advisors, 

HeMoHes project organization and within a researcher group from the civil engineering de-

partment. These meetings bring extra value through utilization of experience, which helps 

in filtering bad solutions as well as validating the applicability of good ones.  
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Figure 3. Research process flowchart (adopted from Kasanen et al. 1993). 

 

Step 1: Find a practically relevant problem, which also has research potential. 

 

The research began with a requirement analysis, in which the contemporary state of the 

healthcare industry and modular theories were reviewed. The requirement analysis and re-

search objectives were concluded in a meeting with the thesis supervisor and advisors. Mo-

tivation for the practically relevant problem, namely the complexity of retrofit projects re-

sulting from various reasons, is given in the beginning of the Introduction chapter. 

 

Step 2: Obtain general and comprehensive understanding of the topic. 

 

Literature review is the first method used in formulation of the research subject, scope and 

objectives. After clarifying the objectives, literature review is carried on in Chapter 3 to 

study relevant theories for constructing the solutions and gaining pre-understanding for the-

matic interviews. While motivation for the topic, in other words, aspects concerning RQ 1, 

are discussed, the literature review has an emphasis on discovering theoretical solutions for 

constructing the answers for RQ 2 and 3. These answers are mainly found from different 

strategies for enabling adaptability in buildings and simplification of processes through mod-

ular theories.  

 

Different search engines, such as Google Scholar, databases accessed through Aalto Univer-

sity’s user identifications and libraries are used. Majority of the data reviewed are articles 

from peer-reviewed scholarly journals, but some grey literature from scientifically non-val-

idated sources are also used as they may contribute to the versatility and richness of the study 
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(Metsämuuronen, 2006). Grey literature is reviewed with extra caution and carefully vali-

dated by comparing to more reliable articles from respected authors. 

 

After conducting the requirement analysis, the scale of potentially valuable topics was re-

duced into the next subjects; hospital environment and its future predictions, hospital con-

struction, retrofitting, project management, life cycle costing, flexibility, adaptability, mod-

ular product design, and modularity theories. Additional topics were scanned but their ap-

plicability or value in context with the research in question were determined poor. 

Thematic interviews were determined the best research method for this research problem, 

because the projects are so complex and versatile. Different actors have different viewpoints, 

which could not be analysed through simple questionnaires or quantitative project data anal-

ysis. The only way to extrapolate these experiences is to conduct in-depth interviews that 

discuss several projects, their challenges, well-proven solutions as well as ideas for further 

innovation. 

Chapter 4 proceeds by thoroughly discussing RQ 1 and 2 through interview transcript anal-

ysis. The qualitative interview data is abductively iterated numerous times in order to create 

as valid data as possible. This first part of the empirical findings is done without literature 

references. The part includes knowledge that can be considered generally known among the 

field, therefore not requiring references to earlier research. In addition, earlier research from 

academically distinguished sources could not be found concerning the answer for the RQ1, 

thus the study will contribute to the theory by combining silent information. Corroboration 

for the purely qualitative part is created by using a lot of quotations and finding several 

similar statements. Thus, surprising or controversial statements are left out if no confirming 

statements nor literature can be found.  

Step 3: Designing the solution idea  

After conducting the literature review and first chapter of empirical findings, the findings 

are combined in Chapter 5 and 6, where the constructions of the answers for RQ 2 and 3 are 

concluded. The data is inductively analysed by revisiting earlier research as well as interview 

transcripts. Group meetings are an important part of filtering poor solutions and validating 

potential ones.  

Step 4: Demonstrate that the solution works 

The results are corroborated by collaborating with the advisors and other researchers 

throughout Chapters 5 and 6. Problems in the practical applicability are analysed by abduc-

tively revisiting earlier research and interview transcripts to find solutions that are revali-

dated. The reliability of the solutions is separately discussed in Chapter 7 in order to validate 

the practical applicability. Problems that have solutions outside the scope of this research 

are moved into Chapter 8, where topics for further research are presented. 

Step 5 and 6: Theoretical contribution and applicability of the results 

Reliability and applicability are addressed widely in Chapter 7, because they are an im-

portant part of practical problem solving with the CRA. Justification for the data collection 

and analysis processes are emphasized in the reliability analysis.  
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Theoretical contribution is also a key aspect of the CRA, and is therefore persistently ad-

dressed in Chapter 7. Articulate and well-presented data, as well as an ongoing presence of 

the pragmatic philosophy of the CRA, are an important part of creating theoretical contribu-

tion, which is why they create the backbone of this research. This thesis effectively collects 

silent information connecting it to the existing literature, thus creating a strong and fresh 

look on the rapidly evolving problems of hospital retrofits and management general.  

 

2.3 Data collection and analysis 

 

Data collection 

 

The qualitative interview data used in this study comprises semi-structured interviews, con-

ducted with practitioners from a wide range of professional disciplines and expertise. The 

findings from the literature review created a framework on which the interview questions as 

well as the analysis of the transcripts was based on.  

 

The main objective of the thematic interviews was to collect the silent information among 

this area of business that includes actors from very versatile backgrounds. This allows an 

unbiased approach in extrapolating the challenges, problems as well as valuable solutions as 

actors in different positions give their viewpoints. No other researched method, question-

naires or surveys for example, could manage this broad and diverse topic as reliably. 

 

The full list of interviewees can be found in Appendix 1. It was decided to provide anonymity 

in order to obtain unbiased and honest replies, which is why no names or specific organiza-

tions are mentioned. Many of the interviewees are very experienced in hospital construction 

projects and highly ranked in their organization with great respect among the industry. The 

professional backgrounds vary from healthcare to construction and engineering design, with 

several architects, property managers, project managers and coordinators. Altogether 26 

face-to-face interviews and 2 telephone interviews were recorded, transcribed and analysed.  

 

The transcriptions were provided by a professional service provider and their level of detail 

was high, thus contributing to the reliability of the data. The first 11 of the interviews listed 

in Appendix 1 were conducted by the author and the rest by other researchers in the HeMo-

Hes project organization. Assisting researchers attended some interviews to confirm profes-

sional and unbiased interview-techniques. Open-ended questions, or themes, were used as 

they allowed the discussions to deviate while also staying on relevant topics, thus establish-

ing an extensive understanding of the attitudes and viewpoints of different actors in the busi-

ness. The author used the following themes: 

 

• Interviewee background and job description 

• Hospital retrofit projects during the interviewee’s career 

• The state of existing hospital facilities of Finland in general 

• Adaptability; what, why and how? 

• How to improve the quality of projects  

• Closing remarks; possibly overlooked important topics and suggestions for further 

interviewees or relevant literature 
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Expertise -specific structured questions were also asked during the closing remarks if they 

were not covered during the thematic part or required further specification. Direct questions 

about modularity were left out as the definition of modularity is broad and often unfamiliar. 

Several interviewees who were familiar with the concept gave their insights on it regardless, 

as the word was included in the interview request and project presentation preceding the 

interview. In addition to interview data, important literature was pointed out and secondary 

data given considering retrofit projects and functional designing. 

 

While the 11 respondents, interviewed personally, described the projects they had experience 

on a general level, the interviews conducted by other HeMoHes researchers revolved around 

specific hospital construction projects. These projects included both retrofitting and new 

construction. The 17 interviewees mainly had a specific retrofit or construction case they 

talked about and often several actors were interviewed from the same project. Getting dif-

ferent sides of the stories helped in achieving a realistic and unbiased image as there were 

some disagreements involved also. Altogether eight different projects were discussed thor-

oughly, seven of which had more than one viewpoints (respondent). 

 

Most of the interviewees had a lot of experience on different hospital construction projects 

and they also often discussed earlier projects, as their mistakes and challenges were the data 

to develop the current methods on. Even though the themes discussed were different, they 

brought up the same topics and challenges in the industry. Common topics discussed were 

for example: 

  

• Change orders and change management 

• Complexity and challenges 

• Optimization of lifecycle costs (operational efficiency) 

• Adaptability and modularity 

 

These interviews included a lot of great new insights from different organizations, including 

stakeholders and projects from Sweden (N18, N19, N20 and N21 in Appendix 1). The chal-

lenges and their solution methods were similar in Sweden and Finland. While the topics 

discussed were mostly relevant to the topic of this research, the transcripts and recordings 

also gave great guidance on interviewing techniques for the author as professional research-

ers had conducted them. This helped a lot in preparing for the interviews and thus, improved 

the reliability of the data collected. 

 

Data analysis 

 

The data analysis process followed the method of Creswell (2013a) shown in Figure 4. 
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Figure 4. Data analysis process (modified from Creswell, 2013a). 

 

Data analysis was started by reading the transcripts and coding relevant statements roughly 

under the first two research questions and interview themes given in the previous section. 

Statements were thought relevant if they were for example repeated, stressed or if they re-

minded of some earlier theory or data collected. The validity of the chosen data was con-

firmed by checking its reliability by revisiting transcriptions and finding supportive state-

ments from other transcriptions if the statements seemed questionable or difficult to inter-

pret. This inductive process was iterated several times to confirm the validity of discussed 

contents.  

 

At first, the coding was extensive including lot of data and repetition as the subject is com-

plex and viewpoints between different interviewees varied. The amount of information and 

relevant topics for the research increased as the analysis proceeded, creating new relevant 

categories. The vast indexed data was then simplified and sorted under these relevant inter-

related categories giving answers to RQ1 and 2: 

 

RQ1: What kind of problems exists in the current methods of hospital retrofits? 

 

• Why and how are hospitals typically retrofitted? 

• Present state of hospital facilities; nature and cause of defects 

• How to enable appropriate circumstances for retrofitting amidst active hospi-

tal environments? 

• Management and design related issues in retrofit projects 
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RQ2: How can these problems be solved through modular approach? 

 

• Optimization of lifecycle costs and value creation 

• Strategies for improving value creation 

• Thoughts on modularity 

• Adaptability: What, Why and How? 

 

After having these interrelated themes with connections to RQ1 and RQ2, the meanings of 

the themes were further interpreted and an outline for the chapters including empirical find-

ings were drafted. The findings from the literature review gave guidance on creating the 

drafts and categories for the data analysis.  

 

Chapter 4, addressing mainly RQ1, excludes literature references as no academically valid 

sources could not be found to support it. The data can also be considered general knowledge 

among the field. It was important to include in the thesis in order to bring reader-friendliness 

for people with no previous knowledge. Connections between the literature review and the 

empirical data findings are interrelated and discussed further in Chapters 5 and 6, where the 

complete answers for RQ2 and RQ3 are constructed.  

 

3 Literature review 
 

The aim of this chapter is to review existing strategies for hospital retrofits and theory to 

support their implementation. The first section presents the motivation for hospital retrofits 

as well as the associated challenges. Section 3.2 continues discussing the main problem of 

hospital retrofits and construction in general, namely, the rapidly changing environment. 

These sections address the first research question, creating a basis for answering the next 

ones. Section 3.2 also reviews promising strategies for sustaining the operational efficiency 

with minimum loss of resources, thus formulating data for answering the second research 

question. Section 3.3 further constructs the answer for RQ2 by researching potential modular 

theories concerning product design as well as services. These findings are utilized to con-

struct the service concept in Chapter 6, thus answering the final research question. Finally, 

the literature review is summarized in Section 3.4. 

 

3.1 Motivation for developing new hospital retrofit solutions 

 

This section further extends the background and motivation for hospital construction and 

retrofits in Finland given in the Chapter 1. The section also reviews the economic, social and 

political reasons motivating the contemporary hospital construction boom and describes the 

basic problems that have emerged in the condition of older hospital facilities. This infor-

mation should provide a broad, though concise, understanding of the contemporary needs in 

the industry, thus contributing to the topics studied as well as strategies constructed in later 

parts of the thesis.  

 

The Finnish economy faced a serious economic downturn in the early 1990s that decreased 

the public funding used for development and maintenance of the social and healthcare func-

tions (Saltman and Teperi, 2016). In 2009, the global downturn created another dent in the 
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Finnish economy from which it has had troubles recovering. Moreover, economic growth in 

Finland has been hindered by the decline in the electronics and paper industries, increasing 

unemployment rates, population ageing and the Russian recession. The government has at-

tempted to restore competitiveness and speed up economic growth through budgetary 

measures and structural reforms (OECD, 2016). One of the most important reforms concerns 

the social welfare and healthcare system, which aims to integrate the two systems. The cur-

rent system is decentralized and inefficient due to a lack of cooperation between municipal-

ities and/or joint municipal authorities (Ministry of Social Affairs and Health, 2016; Saltman 

and Teperi, 2016). 

 

According to the Ministry of Social Affairs and Health (2016), the reform unifies munici-

palities into larger social and healthcare regions responsible for providing social services and 

healthcare in their areas. The reform aims to create savings of 3 billion euros by reducing 

the number of service organizers, which should result in a more seamless coordination of 

services, thus contributing to a more efficient use of resources. The reform is expected to 

create changes in the services provided at different public hospitals across the country. One 

outcome of the reform is that it will restrict public funding for healthcare investments to 

avoid unnecessary waste of resources. Resources are considered “wasted” if used in func-

tions, such as maternity wards and emergency care, that could be moved to university hos-

pital campuses or outsourced to another hospital facility in the reform.  

 

According to the current model of the reform, special care emergency units will be located 

at five university hospitals and seven central hospitals around the country. Eight of the 15 

central hospitals (excluding Åland’s central hospital) would provide limited emergency care 

(Ministry of Social Affairs and Health 2016; Finnish Broadcasting Company 2016). Thus, 

functions such as maternity wards, surgery and emergency care have been, are, and can be 

shut down in many central and district hospitals (Helsingin Sanomat, 2015). This contributes 

to the uncertainty and pressure towards the public healthcare system, which in most cases 

must be answered by updating the terminated functions into something useful, thus creating 

room for retrofits.  

 

The reform may also give customers a freedom to choose a service provider in their vicinity. 

Public healthcare facilities must respond to the competition brought by the freedom of 

choice. Customers can choose between public, private or third-sector providers of their 

choice with no extra expenses. The government hopes this will attract more private service 

providers, thus increasing competition, innovation and operational efficiency in the entire 

healthcare system (Demos Helsinki 2014; Ministry of Social Affairs and Health 2016 and 

PwC 2012). Increased competition may mean the end of outdated, smaller regional hospitals 

unless they manage to improve their desirability and efficiency. While this creates a demand 

for upgrading and retrofitting existing public healthcare stock, it also opens the Finnish mar-

ket for competition. This could result in a great increase in the number of private and third-

sector actors in the industry that require facilities for their healthcare operation.  

 

Finland had a major wave of hospital construction in 1950-1980, when most of its central 

and district hospitals were built (Kurkela et al. 2011; Reijula 2005 and Tolkki et al. 2013). 

These old facilities are suffering from multiple problems. The commonly recognized prob-

lems are: outdated technology, structural deterioration and indoor air quality (IAQ) issues. 

These issues have resulted from insufficient air conditioning, bad structural solutions and 

bad maintenance dating back to the early2000s according to Reijula (2005). These problems 
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have since been a hot topic in the media, as resources for their correction have been limited 

due to the economic situation in Finland (Saltman and Teperi, 2016 and OECD, 2016). The 

IAQ problems have caused tremendous losses of resources through sick building syndrome 

(SBS) symptoms on already scarce staff resources(Kurkela et al. 2011; Reijula, 2005). Waste 

of resources in hospital operation is a problem that needs to be handled with in order to deal 

with the socio-economic pressure set by slow economic growth forecasts and an ageing pop-

ulation (Saltman and Teperi, 2016). Fixing IAQ problems is another aspect that contributes 

to the demand, or scopes, of hospital retrofits. 

 

It was argued by Kurkela et al. (2011) and Tolkki et al. (2013) that bad operational efficiency 

was the main problem of hospital facilities. They stated several reasons for this phenomenon. 

The root causes were, of course ageing and structural deterioration. They argued that the 

complexity of these root causes was increased due to the fact that the facilities had usually 

been modified, renovated and extended multiple times without a proper master plan for ad-

dressing the integration of functions or remaining life cycles. The current hospital facilities 

may have several different parts that are ageing decades apart from each other, requiring 

maintenance and retrofitting within different timelines.  

 

Another problem that may result from the poorly planned modification and extension of 

facilities is the decentralization of interrelated functions and services. Tolkki et al. (2013) 

stated that this can result in several different emergency entries for example, which compli-

cates supervision, thus demanding more staff or creating great distances between interrelated 

functions. Operational efficiency is also reduced by outdated medical and building service 

technology. Outdated information and communication technology (ICT) is an example of 

wasted resources, as it can consume working hours of staff and extend patient stays 

(Ponemon Institute, 2013). Therefore, the importance of updating the operational models 

and healthcare processes is stressed as the most important aspect of hospital retrofits 

(Kurkela et al. 2011; Tolkki et al. 2013).  

 

Tolkki et al. (2013) argue that, the early phases of the retrofit design process are the most 

important ones, as they determine the operational efficiency and thus, majority of the life 

cycle costs. Moreover, the decreased level of expertise in hospital design and construction, 

represents a great problem (Tolkki et al. 2013). This is mainly because the previous new 

construction period ended already in 1980. Design and construction companies have had 

problems in upholding their know-how, while hospital project specific education has also 

been lacking in several fields, including architects and hospital staff. This has resulted in 

project organizations with little or no expertise in hospital construction, and difficulties in 

executing projects that would create value for all parties.  

 

The planning of large-scale hospital retrofit projects is a complex and long process including 

several different phases planned by different parties. This planning process should be an 

integrated collaboration of all parties right from the beginning. The end users (hospital staff) 

should especially be involved properly throughout the process in order to find the best pos-

sible solutions. Tolkki et al. (2013) concluded that the amount of available professional 

healthcare staff and financial support is going to further decrease, while the demand for 

healthcare services is progressing. This problem requires innovative and realistic approaches 

in changing current operational methods. Otherwise, the quality and availability of 

healthcare services will suffer. 

 



20 

 

 

This section has shown the motivation behind the current interest in hospital retrofits. The 

healthcare industry is under pressure as a result of economic hardships, ageing population as 

well as the government’s methods for solving these problems through the social and 

healthcare reform in progress. The reform may create competition and thus motivation for 

improving the efficiency of healthcare functions, especially in terms of the public facilities. 

On the other hand, it may also bring numerous private healthcare entrepreneurs that require 

high-quality premises. Secondly, the section discussed structural deterioration and indoor air 

quality problems that contribute to the demand and scope of retrofits. Finally, the possibili-

ties and problems related to designing retrofits were reviewed, indicating that the early 

phases of design processes are in a key position to create high value hospital retrofits. The 

next section will address the main challenge of hospital retrofit projects in greater detail. 

 

3.2 Future-proofing and adaptability in hospital retrofits 

 

Constant change and unpredictability of the healthcare environment is the most challenging 

issue of hospital retrofits and construction in general (Carthey et al. 2011; Datta 2000; Healy 

and McKee 2002; Pati et al. 2008; Stepanovic and Uhrig 1999). This section will present the 

concept of ‘future-proofing’ and preview its possibilities. While outdated technology, struc-

tural deterioration and IAQ problems expand the scope of hospital retrofits, their correction 

rarely addresses the problems considering rapidly changing healthcare environment nor in-

efficient operational models. Retrofit projects should be seen an opportunity to improve the 

inefficient operation (Kurkela et al. 2011 and Tolkki et al. 2013). Therefore, the engineering 

aspect of technical problems are only discussed briefly and challenges considering opera-

tional sustainability are reviewed at a greater depth. Details on the technical and structural 

problems will be further addressed in the next chapter, as most of the interviewees have 

experience around these topics. 

 

Healthcare services, their management and decision-making regarding them, have been rec-

ognized to change rapidly already by Stepanovic and Uhrig (1999). This change also con-

cerns processes and medical technology, which both have an effect on building service sys-

tem requirements. The problem with fast advancement of medical technology and processes 

is a universally known problem in the industry. It was stated by Carthey et al. (2011) and 

Datta (2000) that hospital facilities become obsolete long before the end of their physical 

life cycles. The rate of obsolescence is also accelerating due to technological advancement 

(Datta, 2000). While a building designed in the 18th century would serve its purpose for 100 

years, a building in the 21st is in a need of renovation after 5 years. This problem was also 

stressed by Healy and McKee (2002). In the worst-case scenario, a new hospital is already 

out of date once it has been designed and built. PwC (2012) also argued that the retrofitted 

technological and operational solutions become outdated in 5-10 years, which is often the 

length of the project. They concluded that it is impossible to make accurate predictions re-

garding the direction of change for longer time periods due to the unpredictable nature of 

this, as Stepanovic and Uhrig (1999) described, high-velocity environment. This creates 

challenges in sustaining the operational efficiency and practicality of older hospital facilities 

as constant thorough retrofits cause excessive costs and disturbance for the operation. Out-

dated facilities are tolerated because upgrading medical technology and processes requires 

substantial resources, thus the operational efficiency of existing facilities can be far from 

optimal. 
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Strategies for managing this unpredictable change cost-efficiently have been studied for dec-

ades. Common concepts used for predicting or preparing for change include flexibility and 

adaptability. The definition of future-proofing or adaptability has been found vague. Several 

researchers, such as Carthey et al. (2011), Pati et al. (2008) and Pinder et al. (2017) reported 

difficulties in studying the concept due to inconsistent use of terminology and versatile in-

terpretations.  

 

The terminology and definitions behind future-proofing or adaptability of office spaces were 

studied by Pinder et al. (2017). The existing literature on adaptability was found very diverse 

including several different fields of research, such as architecture, engineering, facility man-

agement and designing. While this diversity creates a broader perspective of the definition, 

it also creates room for different interpretations. They concluded that the interchangeable 

and loose use of words, such as adaptability and flexibility can have negative effects, espe-

cially in projects where there are several different stakeholders from different disciplines. 

They also claimed that common perception on the meaning of adaptability would improve 

the design process and decrease the possibility of creating meaningless and wasteful adapt-

ability. Therefore, it is important to create clearly defined standards on what adaptability 

stands for in practice. Even though different authors had different interpretations for adapt-

ability, they all considered it as an ability to accommodate three types of change; change of 

use, physical layout or size (Arge 2005; Battisto et al. 2005, Bjørberg and Verweij 2009, 

Carthey et al. 2011, Pati et al. 2008, Pinder et al. 2017 and Vimpari et al. 2014).  

 

In this thesis, adaptability will be the term used for future-proofing of hospital facilities. The 

higher the level of adaptability, the easier it is to implement the change required. The defi-

nition relies on the findings of Pinder et al. (2017) and moreover Arge (2005), who described 

three categories for adaptability, explained in the next subchapter and illustrated in Figure 5, 

and complemented by other researchers’ perceptions (Carthey et al. 2011; Pati et al. 2008; 

Pinder et al. 2017).  

 

Generality is the lightest form of adaptability and refers to changes managed through non-

destructive procedures that require minimal work inside the spaces, changing the furniture 

or installing medical apparatus for example. It can also mean a multifunctional use between 

wider user groups based on versatile building service and medical technology applications 

(Carthey et al. 2011 and Pati et al. 2008). Flexibility (convertibility) is the second category 

of adaptability, which adjusts to change demands with structural modifications, room con-

versions for example. Flexible measures assist in larger scale adaptations by decreasing the 

level of effort required in their implementation. The last category, elasticity (expandability), 

refers to extensions or contractions that answer for an increase or a decrease in demands of 

functions with thorough construction work. Arge (2005) also defined multifunctional use of 

spaces between different user groups as elasticity, which fits better under generality in 

healthcare settings, and is therefore categorized under it.  
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Figure 5. Definition of adaptability (Arge 2005; Carthey et al. 2011 and Pinder et al. 

2017). 

 

Adaptability is an important property required from hospital spaces when lifecycle costing, 

as it is a way to avoid early obsolescence, thus creating sustainable buildings (Arge, 2005). 

It was stated by Bjørberg and Verweij (2009) that the use of a hospital building is very dy-

namic, thus resulting in a short service life period which depicts the time intervals between 

the retrofits of facilities or spaces as shown in Figure 6. Investing in adaptability has the 

potential to prolong service life periods and decrease the need of demolition thus reducing 

upgrading or retrofitting costs.  

 

 

 
 

Figure 6. The potential effect of an adaptability investment (Bjørberg and Verweij, 2009). 
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Vimpari et al. (2014) researched the value of adaptability in an office space retrofit case 

study example. While the costs of creating adaptability in retrofits are easy to approximate, 

measuring the monetary value they provide is difficult. The value of adaptability depends on 

the uncertainty or potential changes in the organizational activities in the future. The uncer-

tainty of activity in different spaces should be evaluated and adaptability enabled according 

to the level of change potential there is. This is not an easy task, as Healy and McKee (2002) 

stated that the demands and requirements of different hospital facilities are versatile. They 

argued that there are some similarities between every hospital facility, but mostly they are 

unique entities with unique needs and futures. This further complicates the design for adapt-

ability in hospital retrofits as there can be no absolute or standard solutions.  

 

Valen & Larssen (2006) conclude, as cited in Carthey et al. (2011), that hospitals built in the 

21st century are highly adaptable compared to those built in 1950-1980. This statement was 

the result of researching the physical changes done to six Norwegian hospitals. Therefore, 

the need for enabling adaptability in retrofits of old facilities built in 1950-1980 is high. 

Vimpari et al. (2014) conclude that adaptability investments are profitable when applied only 

to parts of the buildings instead of the whole building. This supports the approach provided 

by Battisto (2005), where different adaptability zones were designed for different parts of 

the building as shown in Figure 7.  

 

 
 

Figure 7. An example of zones with different levels of adaptability (Battisto et al. 2005). 

 

Though Battisto (2005) talked about flexibility, she was really referring to generality through 

extra investments in building service systems. Therefore, highly adaptable spaces are located 

in the core spaces. This situation could be completely reversed while talking about convert-

ible spaces (flexibility in Figure 5) requiring structural modifications. In Battisto’s (2005) 

example, the technically most demanding and automated spaces require adaptability as tech-

nology and processes advance there faster than in offices. Her example depicted adaptability 
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as an open floor plan with non-fixed workstations and extra capacity from HVAC for exam-

ple, which supports the definition of generality shown in Figure 5.  

 

Generality, which is strongly based on multifunctional use of spaces, was promoted as the 

most important form of adaptability by Pati et al. (2008), as 7 of the 9 adaptability related 

issues they studied could be answered with it. They also noticed that previous literature on 

adaptability had a focus on flexibility (convertibility) and elasticity (expandability), even 

though they were not as essential as generality. Carthey et al. (2011) also praised generality 

instead of flexibility, as preparing for specific change was considered over-optimistic result-

ing in expensive and wasteful investments. To conclude, the quality, amount and location of 

adaptability should be carefully planned for. This allows optimization of its benefits and, on 

the other hand, limitation of the negative effects.  

 

This section described the universally recognized problem of healthcare industry; constant 

and rapid change. Meanings and definitions of researched solutions for managing change 

were also reviewed, namely, adaptability. Adaptability can be divided into generality (non-

destructive changes), flexibility (destructive changes) and elasticity (extensions or contrac-

tions). As found from several research articles, the definition of adaptability must be a shared 

knowledge inside the project organization in order to use it efficiently. Determining the right 

amount of adaptability is challenging as described by Vimpari et al. (2014). The investment 

in adaptability is eligible only in parts of the building. Flexibility (convertibility) and elas-

ticity (expandability) were also criticized due to the high level of uncertainty, whereas gen-

erality was considered more efficient in managing short- and long-term change (Carthey et 

al. 2011 and Pati et al. 2008). Therefore, it is important to determine the location, quality 

and amount of adaptability planned for different parts. The next subsection will study dif-

ferent strategies for applying adaptability and discuss their feasibility in retrofitting.  

 

3.3 Strategies for enabling adaptability in retrofits 

 

Even though the application of adaptability is costly, it is a necessity in hospital facilities. 

However, it should be determined what the strategies enabling adaptability are, and where 

and how they are enabled. This subsection discusses different examples of adaptable solu-

tions in hospital facilities around the world, mainly based on the research conducted by 

Carthey et al. (2011). The applicability and productivity of the strategies, partly utilized in 

new hospital construction, are reviewed in the light of old hospital specific properties. These 

are low floor-to-floor heights and shallow load bearing structures for example, which are 

generally acknowledged in the field and promoted by Kurkela et al. (2011) for example. 

These strategies should create a strong basis for an adaptability based design scheme, which 

can be further constructed with the help of modularity theories discussed in the next section. 

 

Because hospital facilities built in 1950s to 1980s suffer from versatile problems as described 

in Section 3.1, they often require thorough retrofitting. These facilities require not only 

building service system renewal, but also the interior structures and even load bearing struc-

tures have to be modified. Therefore, the whole interior is stripped until only the load bearing 

structures remain. Geiser (2004) and Kendall (2005) presented the open building method 

which was used in the retrofitting of University hospital “Insel” in Bern, Switzerland, built 

in 1971. This method was the only option to update the old facility into present standards 
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while ensuring its adaptability in the future. It separates the building into three separate or 

discrete system levels that have different life cycles (Figure 8). 

 

 

These three system levels are designed separately for different purposes and functions, thus 

allowing independency for lower level systems to be changed without affecting higher level 

systems. The primary system is fixed and basically unchangeable (Geiser, 2004), which is 

unfortunate for old hospital facilities with unpractically narrow structural grids and floor-to-

floor heights (Kurkela et al. 2011). In the University Hospital in Bern the surgical west wing 

was demolished and reconstructed. The load bearing structures were made very open with 

approximately 8,000 square meters of open space per floor. The floors consist of a structural 

grid of 8,4 × 8,4 square meters which has a non-reinforced inner grid of 3,4 × 3,4 square 

meters. This inner grid can be punctured if vertical distribution or logistic routes are required 

in the future (Geiser, 2004 and Kendall, 2005). This is a great example of flexibility in the 

primary system. While the primary system can be slightly modified with the help of supports, 

adaptability must be mainly achieved within the secondary and tertiary systems. 

 

An idea resembling the open building method has been the basis of categorizing adaptability 

for several researchers (Carthey et al. 2011 and Pati et al. 2008). Generality can be imple-

mented in the tertiary system with operational changes through reorganizing furniture or re-

installing medical equipment. Creating extra capacity for building service systems falls into 

secondary system modifications. Flexibility (convertibility) is applied in the secondary sys-

tem where pre-defined changes can be predicted. Elasticity (expandability) is mainly applied 

through the primary system. Different strategies for managing change found mainly from 

Carthey et al. (2011) are listed in Table 1. 

 

Table 1. Strategies for managing change 

 

 

Figure 8. Open building system levels (Kendall, 2005). 

Primary system 
(approx 100 years)

•Load bearing 
structures

•Building service 
installation 
routes

•Site and internal 
logistics

•Open as possible

Secondary system 
(approx 20 years)

•Interior finishing 
work

•Building service 
installations

Retrofitted spacesTertiary system 
(approx 5-10 years)

•Medical 
equipment

•Hospital furniture
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The first column of Table 1 presents the category of adaptability. The system (Figure 8) that 

requires design and modification procedures to implement the strategy during the retrofit is 
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highlighted with grey in the middle columns. Table 1 shows that majority of the strategies 

that enable adaptability require extra resources in the design and construction of the second-

ary system, mainly from building service installations. Lower building system levels are 

interrelated and dependant on higher system levels, which means that the secondary system 

is the main source of adaptability as only small modifications to the load bearing structures 

can be made (Kendall, 2005).  

 

Generality was stressed as the most valuable and sensible form of adaptability by Pati et al. 

(2008) and Carthey et al. (2011) as specific predictions of future changes were often required 

from flexibility and elasticity. Carthey et al. (2011) concluded that even though contributions 

to adaptability in hospital construction are made all around the world, there seems to be a 

consensus around the idea that predicting changes in healthcare environment is impossible. 

The strategies shown in Table 1 were presented in their study in one form or another, and 

they stated that some of them might work, and some might not. The optimal solution could 

also be found by combining and integrating the strategies. In order to do this in an under-

standable manner, information, processes and methods require a concise form of presenta-

tion. The next section discusses modularity theories which may offer tools for simplifying 

and clarifying these strategies and the data of this thesis in general. 

 

3.4 Modular theories to support hospital retrofits 

 

Adaptability can be implemented with various strategies as shown in the previous section. 

Utilization of these strategies in hospital retrofits can be difficult as project requirements are 

often unique (Healy and McKee, 2002) with versatile contemporary problems and require-

ments as discussed in the previous section. There should be a concise way of organizing and 

providing retrofit services in different projects. The customer should also have a good com-

prehension on what is being provided and what are the benefits of the services. This has been 

found problematic due to vague definitions (Pinder at al. 2017) and complexity of the pro-

jects (Vähätalo and Kallio, 2015). Standardization is an effective way to manage complex 

processes and modularity can maintain standardization while still providing customization 

(Eissens-Van der Laan et al. 2016). There is also a connection between modular and adapt-

able designs, as Ulrich (1993) argued that the higher the modularity of a product, the more 

adaptable it is. This section will study the theory behind modularity first in products and then 

in services as well as their interfaces. These findings will contribute to the framework for 

construcing the answers for the last two research questions. 

 

Modular product design 

 

Hospital retrofits are complex, consisting of numerous problems and objectives as discussed 

in previous sections. Several studies have shown that modular product design (MPD) can 

dramatically reduce the complexity of demanding processes. MPD consists of assembling 

modules from simple and small product parts. These modules can either directly create a 

complete product or it can be constructed by combining them. This approach creates higher 

life cycle value for the product, as the system can be easily modified to serve another pur-

pose, thus enabling adaptability. MPD principles may have potential to be implemented for 

example in rooms, units or technical systems while designing hospital retrofits. (Ulrich 1993; 

Ma and Kremer 2016). 
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Ulrich (1993) described modularity as a form of product architecture, which comprises phys-

ical components that enable the function of the product. He compared the differences be-

tween modular and integrated products by different aspects, e.g. adaptability and complex-

ity. In an ideally modular (adaptable) product, each functional element has one physical 

component, whereas an integral (rigid) product has a complex architecture where functional 

elements require several physical components. Figure 9 shows a comparison of modular and 

integral product architectures with an example of different trailers.  

 

 
Figure 9. Product architectures (modified from Ulrich, 1993). 

 

Though these examples are ideal and the function structures depend on the perspective, they 

illustrate the complexity that architectural decisions may have on a product. The functional 

structure, as in mapping between functional elements and physical components, follows a 

one-to-one pattern in the ideally modular (adaptable) product. This means that the physical 

components have uncoupled interfaces and renewal of one component does not affect the 

other functions or components in the product. In the integral (rigid) product, several compo-

nents require change in order to modify one function or component in the product. This is 

due to the coupled interfaces of different components and function sharing between compo-

nents. An uncoupled interface and a simple, ideally one-to-one functional structure, should 

be enabled for components that are likely to face reconfiguration or wear. (Ulrich, 1993).  

 



29 

 

 

Product architecture influences the level of effort required from product modifications dur-

ing its life cycle. An ideally modular product is highly adaptable, even though some sacri-

fices are made in its initial performance. An integral design has a higher initial performance 

efficiency, which then declines as adaptation to surrounding circumstances is required. As 

stated by numerous researchers, such as Stepanovic and Uhrig (1999), Kurkela et al. (2011), 

Carthey et al. (2011) and Pati et al. (2008), healthcare environment advances rapidly and the 

pace of change is not likely to decline. On the contrary Datta (2000) presumed it would 

further accelerate. Therefore, a fully tailored and integrated hospital architecture will soon 

be outdated due to its inability to adapt, thus requiring laborious modifications in frequent 

time intervals. 

 

The design of product architecture is an important part in creating adaptable solutions, as it 

contributes to the LCC and performance of the product. As shown in the previous section, 

the secondary system, including the building services, play a key role in enabling adaptabil-

ity in hospital retrofits. The Finnish Association of Civil Engineers (RIL) published a book 

on modular building service installation method, which utilized the MPD principle (RIL, 

2008). While the book focused in the design of residential buildings, it claimed to be appli-

cable to all types of retrofits, delivering lifecycle savings (RIL, 2008:18). The authors argued 

that traditional methods of building service retrofits caused excessive costs through unor-

ganized routing and repetitive construction work regarding opening and closing of structures 

(RIL, 2008:15). Construction work is even more critical in sensitive hospital environments, 

where dust producing activities should be minimized due to patient safety (Canadian Stand-

ard Association, 2012).  

 

The modular building service installation system consists of a routing module in which dif-

ferent building service system modules can be attached (Figures 10 and 11). Separate sys-

tems for vertical and horizontal distribution are made with panels that can be opened, con-

tributing to maintenance and upgrading costs (RIL, 2008:51-58) as well as patient safety. 

Horizontal distribution was considered challenging due to the floor-to-floor heights as low 

as 2,8 meters in Finnish residential buildings built in 1970-1980 (RIL, 2008:67-68). This is 

partly why decentralized vertical distribution from numerous different points is recom-

mended, concerning ventilation and cooling for example. This should help in managing hor-

izontal distribution in narrow installation spaces (RIL, 2008:60). The authors also argued 

that the life cycle of vertical distribution modules is longer than that of horizontal (RIL, 

2008:18).  
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Figure 10. Modular building service technology (RIL, 2008:51;140). 

 

 
Figure 11. Vertical installation modules with accessible panels (RIL, 2008:61). 
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The illustrated method reduces life cycle costs by enabling adaptability, which helps in sus-

taining the operational efficiency while facing the demands and challenges that the future 

brings (RIL, 2008:39). Especially electrical and ICT systems are advancing fast (Carthey et 

al. 2011) and should be accessible in a location where installation work does not disturb the 

building users, such as lobbies (RIL, 2008:60). Extra space or capacity inside the routing 

modules should also be provided to enable adaptability (RIL, 2008:17). It was further 

acknowledged that this installation method would decrease the net usable area, however, this 

loss was argued to be compensated by the ease of future maintenance and retrofits (RIL, 

2008:51-58).  

 

The report also states that modular installation technology could be developed further con-

sidering production and implementation creating even new business models (RIL, 2008:39). 

Some examples have shown recently in Finland, for example in renovation project of a 

dwelling in Matinkatu 8, Espoo. Majority of the building services including pipelines, 

plumbing, interiors, electricity, telecommunications, automation and ventilation systems 

were renewed with a modular system (FLOWALL, 2016). 

 

This modular installation method may carry potential in reducing the time required for in-

stalling the most important open building system regarding adaptability, while also allowing 

an easier maintenance, thus improving the LCC. Its feasibility will be further evaluated in 

the thematic interviews.  

 

Service modularity 

 

The rapidly evolving high velocity healthcare environment (Stepanovich and Uhrig, 1999) 

combined with the contemporary problems, described in Section 3.1, as well as the unique-

ness of different hospitals (Healy and McKee, 2002) result in a wide range of retrofit services 

required by the healthcare industry. Therefore, it may be difficult to efficiently provide the 

services and strategies that best suit the project-specific needs of the customer. Vähätalo and 

Kallio (2015) argued that asymmetry of information may cause issues in the value provided 

for customers in complex healthcare projects. The customers may not fully understand what 

they need or what services are provided. Pinder et al. (2017) reported similar problems re-

garding adaptability as its definition and benefits were often unclear for the customer. Thus, 

the needs of the customer with regard to operational sustainability may not be fulfilled, or 

they may be fulfilled incorrectly, leading into extra loss of value and resources.  

 

The array of services could be simplified through service modularity theory, where service 

modules are composed of several compatible service components. Implementation of service 

modularity has shown potential in efficiently addressing the problem of diverse service re-

quirements and information asymmetry, as it allows customization and standardization sim-

ultaneously, thus decreasing complexity as well as costs in service management, delivery 

and sales (Ulkuniemi and Pekkarinen, 2008). 

 

Eissens-Van der Laan et al. (2016) studied how service aims and routineness affected the 

choices made concerning service modularity decomposition logic. Little effort and justifica-

tion for the chosen service modularity types were found from the 16 cases they reviewed. 

This was thought to be irrational, as the right service modularity structure is a key aspect in 

enabling the potential benefits of the method, namely, simplification and clarification. Dif-

ferent service components should to some extent 1) be independent in relation to another, 2) 
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have specific purposes and 3) have standardized interfaces. The main idea in this context is 

to provide a comprehensible and customizable service package for the customer, rather than 

a retrofit project solution with a vague meaning. Independent service components aim to 

clarify different benefits that the customer can achieve from the modular service package.  

 

Service routineness was considered an important quality when determining service modu-

larity types. Routineness refers to the uncertainties involved with the role of customers in 

the project as well as the uncertainties encountered in implementation of the services (Eis-

sens-Van der Laan et al. 2016). Majority of the retrofit services regarding future-proofing 

can be regarded as low routine at least before implementing the constructed methods in sev-

eral projects and having proper benchmark data. Hospital retrofits also include a versatile 

set of problems or service requirements, thus further decreasing project routineness. 

 

Eissens-Van der Laan et al. (2016) argued that simple process and outcome oriented service 

modularity types were preferable for non-routine services. Figure 12 presents two modular-

ity types which fit non-routine services (originally adopted from Ulrich and Tung, 1991). 

Sectional structure supports more independent service packages that can include different 

components in accordance to customer needs. The bus structure is fitting when inspecting 

the retrofit project timeline as the base that different service components can be applied to. 

Both structures enable a concise basis for hospital retrofit characteristics, providing a foun-

dation for a modular service concept (RQ 3). 

 

 
 

Figure 12. Service modularity types (Eissens-Van der Laan et al. 2016). 

 

An essential part of service as well as product modularity is the notion of interface. De Blok 

et al. (2014) studied the definition of interfaces, which has been found vague in service mod-

ularity by other researchers as well (Eissens-Van der Laan et al. 2016; Ma and Kremer 2016). 

Interfaces play a key role in the value provided by modular products or services, as they 

prescribe how different components of the system mutually interact. A well-functioning in-

terface enables easy substitution and exchange of components, contributing to the life cycle 

performance of a modular system (De Blok et al., 2014). Interfaces should be uncoupled, 

thus allowing easy reconfiguration of components, or services, in a customer friendly and 

comprehensible manner. De Blok et al. (2014) presented four interface categories, two of 

which fit the service modularity types presented in Figure 12.  
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Sectional service packages that support variety and extensive customization, should have 

open-customer (O-C) interfaces. O-C interfaces support different combinations of service 

modules, thus enabling a service package that matches the needs of the customer. These 

interfaces are uncoupled (Ulrich, 1993) and independent while still creating logical service 

packages. Service modularity following the bus structure that supports coherence and pro-

cess continuity should have closed-customer (C-C) interfaces. C-C interfaces create predict-

able patterns between interrelated components, which allows easier organization as well as 

perception of services. The customers can easily keep up with different services if they flow 

from one to another logically as the project progresses. 

 

The production and management of modular services should be based on a standard plat-

form, which supports all service components that are being provided. This enables a concise 

and simple foundation for arranging as well as providing the services, thus improving cus-

tomization of service modules with less costs and time consumed. Therefore, the bus struc-

ture could provide the core of a modular service, on which service modules, assembled from 

standardized service components, are attached to. While service modularity may not be the 

appropriate solution in all contexts, for healthcare settings, where the projects and services 

are versatile, it shows great potential. (Ulkuniemi and Pekkarinen, 2008). 

 

This section showed that there are promising applications for both modular product design 

and service modularity in simplifying as well as future-proofing hospital retrofits. MPD 

showed great potential in creating a sustainable secondary system (RIL, 2008), which was 

determined in the previous section as the most important part of enabling adaptability in 

hospital retrofits. Service modularity gave a strong platform to build the complex and versa-

tile service requirements and offerings on, thus contributing to the customer added value as 

well as constructing the RQ 3 of this thesis. The distinction between modular products and 

services as well as definition of interfaces was still left rather vague, as no previous research 

was found around this context. These concepts should be further clarified, if they still prove 

to be appropriate solutions for improving value creation after analysing the interview tran-

scripts. The next and final section of the literature review provides a summary of the key 

topics discussed.  

 

3.5 Summary of the literature review 

 

It is important to have a thorough understanding on the background and properties of Finnish 

hospital facilities in order to understand the contemporary situation and uncertainties in the 

field. The current hospital building stock suffers from versatile structural defects and un-

practical structural solutions that decrease their operational efficiency. The ongoing social 

and healthcare reform may open the healthcare industry for international competition, which 

is partly why there has been a construction boom regarding healthcare facilities in the 21st 

century. Existing public facilities have to uplift their attractiveness in order to survive the 

competition. On the other hand, there may also be a rise in private and third sector hospital 

entrepreneurs that will require facilities for their operation.  

 

While mainly only the old hospital stock suffers from structural deterioration, there is also a 

shared problem with newly constructed hospital facilities; the unpredictable and rapidly 

evolving environment. Hospital facilities need the ability to adapt for changes, in order to 

sustain their operational efficiencies in a productive manner. 
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Three different categories for adaptability (Figure 5) were recognized from the literature; 

generality (non-destructive changes), flexibility (convertibility, slightly destructive changes) 

and elasticity (expansions or contractions). Figure 13 presents the interdependencies be-

tween the open building system levels and adaptability types. Upper system level modifica-

tions affect the lower level systems and adaptability properties.  

 

 

 
 

Figure 13. Open building levels and adaptability (inspired by Carthey et al. 2011). 

 

Because the primary system is difficult to modify, most of the strategies that enable adapta-

bility in hospital retrofits were applied in the secondary system (mainly building services), 

making its design a top priority. Having extra capacity for building services as well as ver-

satile technology options in spaces, were a common aspect of enabling adaptability, namely 

generality and flexibility. Generality, as in multifunctional use and non-destructive changes, 

were found to be the most productive form of adaptability, whereas flexibility and expanda-

bility often required specific future predictions, which were generally considered difficult. 

 

Poor definition and consensus around the definition of adaptability was found to be an ob-

stacle for value creation. The quality, location and amount of adaptability were found diffi-

cult to estimate or offer in a comprehensible manner for the customer. Solutions for clarify-

ing and simplifying the lack of consensus around the benefits of different adaptability strat-

egies, as well as managing complex project scopes, were then sought from modularity theo-

ries in products and services.   

 

Modular product design gave good principles and insight in standardization and customiza-

tion. A promising modular solution for creating the secondary system, most valuable part of 

enabling adaptability, was also reviewed. While modular product design offered tools for 

standardization in design and construction of the secondary system, service modularity ena-

bled a platform to provide and organize the versatile services required in hospital retrofits 

on. Retrofit services were determined non-routine, which is why simple process and outcome 

oriented service modularity types are appropriate (Figure 12). The sectional service structure 

provides customizable and independent service packages with open interfaces, whereas the 

bus structure provides a continuous and logical flow of service components attached to the 

project timeline. 



35 

 

 

 

4 Complexity of hospital retrofits 
 

This chapter presents the empirical findings concerning the inherently complex nature of 

hospital retrofits projects. Section 4.1 discusses the motivation behind, as well as character-

istics of, basic retrofit projects. This section constructs a strong foundation for answering the 

first research question by describing the technical challenges concerning hospital facilities. 

Section 4.2 continues the formulation of the answer for RQ1 (problems in retrofit projects) 

by inspecting the challenges of hospital retrofits from a perspective of management and de-

sign related issues, thus recognizing the core problems that result in value depreciation. The 

consequent Section 4.3 presents the design strategies that alleviate these challenges, thus 

constructing the answer for the second research question. Finally, Section 4.4 summarizes 

the key findings that will be used in Chapters 5 and 6, where the answers for RQ2 (solutions 

for the problems) as well as 3 (service concept) will be concluded by combining the findings 

from literature and the empirical data. 

 

4.1 Motivation behind retrofits and their characteristics 

 

The existing hospital building stock in Finland is old, mainly constructed from 1950 to 1980. 

The following decades were slow for the hospital construction industry, mainly composing 

of inadequate maintenance jobs. Renovations may have been postponed or overlooked, 

which has led to a current hospital stock that is often not only physically, but also function-

ally in a poor condition. Therefore, a new hospital construction boom has started during the 

21st century, both in new hospital construction, and retrofits of the old stock. Another reason 

for this boom is the social and healthcare reform. It may open the healthcare business for 

competition, therefore bringing new private and third sector actors in the industry. The re-

form may also give a freedom of choice for the public in choosing a healthcare provider.  

Therefore, the quality of the service experience as well as operational productivity must be 

improved in order to survive the increased competition.  

 

There is also a threat of the government terminating public healthcare functions that are 

considered inefficient or without proper purpose. Emergency care is an example of a func-

tion that may be terminated by the government: 

 

“Emergency care is like a business card and now that the reform comes, if you don’t 

have a well-functioning emergency care, you lose. Everybody has experience on pri-

vate healthcare services. The choice is obvious if you should choose between a public 

and a private service provider.” (N8) 

 

Customer satisfaction and a patient centred vision are in a key position to survive the com-

petition. An interviewee speculated that according to the general opinion, public healthcare 

services are considered slow and poor, whereas private healthcare services more pleasant 

and effective. Changing this opinion is a great source of motivation behind recent and future 

retrofits concerning public healthcare facilities. On the other hand, retrofitting office prem-

ises into private and third sector hospitals may also increase, as an interviewee already had 

experience on couple of such projects.  
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4.1.1 Life cycle costing in hospital retrofits 

 

In order to comprehend the motivation behind the hospital retrofits, it is important to under-

stand their lifecycle costing (LCC). The current problems concerning hospital facilities are 

mainly a result of poor LCC in the initial designs as well as retrofits and maintenance there-

after. Operating costs are in a decisive role in hospital LCC factors, which is why the oper-

ational efficiency should be improved in retrofits and sustained as high as possible from 

thereon. Several interviewees stressed that the investment costs of designed solutions are 

non-existent when compared with the operational costs during the life cycle: 

 

“The construction costs of spaces are around 1 percent and the design costs 0,0-some-

thing percent from the total life cycle costs. And then people are in shock; ‘that build-

ing was so expensive and only the design process cost this much’, it doesn’t matter 

how much it costs! The design process can cost as much as it likes if it produces the 

best possible solution, because this solution pays itself back instantly once the opera-

tion begins.” (N22) 

 

In summary, based on the interviews, improving operational efficiency was considered the 

main goal of hospital retrofits. Moreover, patient safety was stressed as the most important 

aspect of executing retrofits. The following subsection will discuss the characteristics of 

typical retrofit projects from technical aspects by extrapolating experience from a great num-

ber of different project examples. 

 

4.1.2 The main problems of hospital retrofitting 

 

The structural problems and defects of aged hospital buildings are generally so vast that they 

require more thorough retrofitting measures. Several interviewees stated that the older the 

hospital, the more complex and challenging the set of problems. Majority of the interviewees 

had experience solely on thorough retrofit projects, where the whole building or large parts 

of it were evacuated. Smaller scale procedures, such as additions of new IT systems, removal 

of air pollutant sources and modification of spaces, were also familiar to some project man-

agers. These procedures are described separately in the next subsection, as they address the 

main characteristic of construction work in healthcare environments; sensitivity to disturb-

ance and patient safety.  

 

Nearly all the interviewees recognized the same fundamental problems in the present state 

of hospital facilities built from 1950 to 1980. These fundamental problems that contribute to 

the scope of retrofits are divided into three main categories and illustrated in Figure 14. In-

door air quality problems were mainly considered as an outcome of structural deterioration 

while inadequate building service systems were also a part of the problem. Moreover, the 

project scope is further increased as the impractical existing structures create limitations in 

the potential solutions for each problem at hand.  
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Figure 14. The main problems that contribute to the scope of retrofit projects. 

 

Decentralized and inefficient operation 

 

Improving and updating the operation of a hospital organization in retrofits was considered 

the most important task by several interviewees responsible for design coordination, because 

the investment costs are very small compared to the costs of healthcare. Operational effi-

ciency of older hospitals is usually impaired by poor layout designs, which were planned 

decades ago and serve contemporary needs inefficiently.  

 

“Some of our clients have been operating in the old spaces for quite some time, some 

for 30 years, and they have locked their operation in a position where it has adapted 

to the contemporary spaces. […] You should think the other way around; what should 

the operation be, and then create the spaces to support this operational model. […] 

Every unit has had their spaces for a long time and each have been tailored according 

to their specific medical technologies and treatment recommendations, which has re-

sulted in extensive versatility.” (N6) 

 

The facility design of existing hospitals support older operation models where the patient 

stays were longer than in contemporary, more efficient solutions that aim for fast treatment 

and discharging of patients. 

 

“The spaces are not – for example the small surgery procedures, and all the operation, 

is not like before. The patients don’t come to the hospital and spend several days in it, 

the operation has changed. They come and they leave. This is the biggest cause of 

layout changes. In a way, the operation has requirements, which the spaces can’t fulfil. 

This is a common reason for retrofits.” (N9) 

 

In many cases, the operations in older hospital facilities have adapted to the old structures 

designed for different purposes. This phenomenon should be reversed by adapting the spaces 

to serve the contemporary operational requirements in the most efficient manner possible. 
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Modifying floor layouts requires extensive construction work, which is difficult to handle in 

spaces that are in healthcare use.  

 

Outdated building service and medical technology 

 

In addition to poor and outdated layout of spaces, building services were often found inade-

quate and at the end of their service lives, requiring heavy maintenance, renewal and addi-

tions. Deficiencies were recognized in all main services, including heating, ventilation, cool-

ing, automation, electricity and ICT. Ventilation was the main concern of several interview-

ees as they lack automated features, and in some cases, only the exhaust air is mechanical. 

Inappropriate use of ventilation following system retrofits is another problem, which is dis-

cussed further in the paragraph addressing indoor air quality (IAQ) problems. 

 

“The building services are outdated and inadequate. […] There may be no cooling at 

all, which is required in every space according to contemporary standards, at least 

through air conditioning. […] Some hospitals are equipped with only mechanical ex-

haust air, which causes make-up air leakages through the joints and holes in the struc-

tures. This results in an inhale of impurities from the structures. Generally speaking, 

the biggest problem concerning ventilation is its insufficiency compared to modern 

standards. The water usage is currently a lot higher, which results in greater indoor 

air humidity.” (N4) 

 

“Insufficient ventilation, calculated for the requirements in the 80s and 90s, are prob-

lematic. More people and apparel are in the spaces, which have too low ventilation 

rates to begin with. This combined with the lack of cooling, has resulted in ridiculous 

carbon dioxide and thermal levels. […] The ventilation systems in hospitals are very 

large and complicated, which is problematic as professional management is required. 

The airtightness of structures, not only of the envelope, but also between different fire 

compartments and light structures. The problem goes beyond the façade structures.” 

(N6) 

 

There is also a problem concerning insufficient output capacity in systems, as stated in the 

previous quotation. Inadequate building service capacity is often interrelated with outdated 

medical technology and treatment methods, because the addition of new medical compo-

nents may require upgrades from electricity, cooling and ventilation for example.  Insuffi-

cient performance levels of building services, in contrast to change in activities, is also re-

lated to indoor air quality problems, which are discussed in the next paragraph.  

 

Structural deterioration and indoor air quality problems 

 

Several interviewees described IAQ problems as the most common cause for renovation 

needs in old hospital facilities. As a property manager of a hospital district stated: 

 

“As the current building stock was built from 50s and 60s to 80s, we are currently 

trying to seal the envelopes, adjust the ventilation, and of course, renew floor cover-

ings and wet spaces that are often built with simple moisture barriers and sheeting. 

[…] The problems usually start with the ground laid structures, which have insufficient 

moisture or capillary breaks that result in rising damp. Then there are the building 

envelopes that are riddled with microbes and all the joints, such as window joints, 
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were poorly sealed in the initial installation. Since then, the building services may 

have been retrofitted with significant performance boosts to ventilation, without im-

proving the air-tightness of the envelope. Now the make-up air comes through the mi-

crobe-infested and poorly sealed envelope joints, causing indoor air quality prob-

lems.” (N7) 

 

Bad structural solutions with poor execution and inadequate or unsuited building service 

systems were identified to be the main reasons behind air quality issues. While the lack of 

maintenance and misuses were mentioned as causes for deterioration, systems were often 

simply at the end of their service lives. Furthermore, maintaining older systems, such as 

plumbing, with shorter functional life cycles is not worthwhile. The maintenance they would 

require in the future would cause substantial costs through the disturbance of hospital oper-

ation, while they also increase the risk of leakages. Therefore, the whole technical system 

should preferably be renewed and the life cycle of each functional part prolonged. 

 

“The building services are often completely renewed while performing hospital retro-

fits, practically nothing is spared. And unfortunately, IAQ -related issues are often 

encountered; the structures are moist or something, which causes a need for their dis-

mantlement.” (N2) 

 

Common examples of bad structural solutions repeated in several interviews were insuffi-

cient moisture insulations in bathrooms, lack of air gap for ventilation in façade structures, 

pipes cast into concrete with no leak detection and organic construction material inside con-

crete structures.  

 

“The water supply and plumbing systems, especially the plumbing, are a big problem. 

Old plumbing of cast iron may be clogged or corroded badly. Sewage ventilation may 

also be clogged, thus denying the waste flows. […] Water supply and heating systems 

are both generally ok, but they may also suffer from leakages. This is the main problem 

concerning hospitals.” (N4) 

 

These structural defects combined with the increased amount of personnel and water usage 

have led into serious IAQ problems, as mould and different pollutants grow inside structures. 

Especially façade structures were considered a great problem, because they are excessively 

humid due to poorly functioning window frame structures and a lack of ventilating air gap. 

This humidity allows the growth of different contaminants that are drawn inside as a result 

of a badly sealed envelope and the pressure difference, as stated in the earlier quotations.  

 

Another highlighted source of indoor air pollutants was organic mould material and con-

struction waste left inside in-situ cast hollow core slabs. Fixing indoor air quality problems 

was stressed as an extremely difficult problem, as different sources of air pollutants are hard 

to find. It was also stated that the detection and removal of several sources may not stop the 

sick building syndrome symptoms. 

 

Impractical existing structures 

 

In addition to the previous problems, the existing structures were generally considered as 

impractical for contemporary purposes. This common property obstructs the productive de-

sign and execution of any retrofit tasks. Several interviewees stated that the impractical load 
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bearing structure is the most demanding issue as it sets the ground rules for reasonable solu-

tions in improving the facilities. They create limiting factors that complicate the design and 

implementation of retrofit projects. An interviewee speculated that the older the construc-

tion, the more problematic its load bearing structures: 

 

“When you look at the old hospital stock built after the war, it seems like it was a 

question of honour for the designers to create as small and tightly sized load bearing 

structures as possible, in order to remove all unnecessary capacity.” (N10) 

 

The floor-to-floor height is usually around 3 meters, whereas in new hospitals it can be as 

high as 5 meters. This should give an impression about the requirements of contemporary 

technical installations. The amount of required building service systems, as well as medical 

technology applications, has multiplied since the designed purpose of the existing facilities. 

Fitting of these systems in the narrow core was considered as the greatest issue of any similar 

project.  

 

“The floor-to-floor height and the fact that technical installations won’t fit in the low-

ered ceilings is probably the biggest problem. And in the 50s and 60s, the distribution 

of pillars was closely fitted, so if you would prefer retrofitting bigger spaces, then there 

is always a pillar obstructing the plan. The load bearing designs often consist of load 

bearing walls and two lines of pillars between them. And then in the 60s and the 70s, 

the period of in-situ casting began, which resulted into beams creating grids beneath 

the slabs. This has resulted in the problem that ventilation can’t horizontally be in-

stalled into any direction. The problem was slightly alleviated when the industry 

moved to hollow core slabs and narrower beams, but they still weren’t prepared for 

puncturing or modification. They were pretty much planned eternally for their specific 

initial purpose.” (N7) 

 

The load bearing structures usually compose of load bearing walls and pillars. Pillars are 

connected with beams that can create floor-to-beam heights as low as 2.1 meters. The dis-

position of pillars, beams and load bearing walls often determines the location of certain 

spaces, corridors for example, thus creating limitations in the possibilities of schematic de-

sign. It may also deny the possibility of creating open spaces, which are often desired in 

current standards. 

 

Dismantlement or modification of the load bearing structures requires a lot of work including 

structural calculations and addition of supports to answer for the loss of capacity. The load 

bearing capacity is also often an obstacle when considering the addition of new, heavy tech-

nology or vertical extensions.  

 

Existing hospital facilities suffer from vast and multiform problems as shown in Figure 14. 

Therefore, retrofitting procedures are mainly done in thorough projects, where the whole 

facility or a large part of it is evacuated. The projects described by the interviewees followed 

the principles of open building, where only the load bearing structures were preserved in 

order to reset the life cycle of the secondary system and manage the vast scope. Smaller 

procedures, modifications of single rooms for example, have been implemented by isolating 

the area from surrounding spaces. These procedures require certain circumstances and prop-
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erties regarding surrounding activity and technical systems. Even though the sensitive hos-

pital environment can be considered as a challenge, it is separately addressed in the next 

subsection as a characteristic because it also allows solutions for alleviating this problem.  

 

4.1.3 Retrofitting in an operational hospital environment 
 

One of the key characteristics, as well as challenges, in hospital retrofits is the sensitivity of 

the environment, which creates preconditions for retrofitting amidst an operational hospital. 

Several interviewees considered disturbance and relocation of existing operation as the main 

issue and cost in retrofitting facilities. The most appealing option is constructing a floor, a 

unit or a section at a time, while surrounding operation remains functional and only the part 

under construction requires evacuation. Therefore, this subsection will discuss the key as-

pects in retrofits conducted amidst operational hospital environments.  

 

Some interviewees had a rather strict and negative attitude towards procedures done amidst 

hospital operations. The risk concerning patient safety is high and consequences of the 

worst-case scenario of causing fatalities are very serious. Noise, pollution and fire safety for 

example are serious hazards for patients with different disabilities. Another problem in exe-

cution of retrofits in smaller parts is the large service areas of different building service sys-

tems, which means that large areas of the building may lose their electricity, ventilation, gas 

or other services, to disable the system in one part of the building.  

 

“Retrofits are situations that cause disturbance, and we aim to reduce the disturbance 

caused for surrounding spaces as much as we can. […] Often the electricity or water 

supply can’t be shut down from smaller areas, resulting in blackouts of complete fa-

cilities. It goes without saying that this will not do. And then there is tremble, noise, 

dust and other pollutions; some functions won’t tolerate any. […] And of course, the 

market is full of experienced consultants, but they don’t seem to understand the prop-

erties concerning hospital environments.” (N11) 

 

The possibility of keeping surrounding healthcare operations functional is appealing but not 

without its challenges, as stated in the previous quotation. The risks considering patient 

safety are serious and the work itself may be very slow as there are strict standards of purity 

for example. This topic was brought up by Swedish interviewees also. The main concerns of 

interviewees, and aspects to consider while assessing the possibility of working amidst a live 

hospital environment, are shown in Figure 15.  
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Figure 15. Key characteristics in retrofitting amidst operational spaces. 

 

Risk analysis regarding patient safety and caused disturbance should be reviewed first. If 

there are, for example, patients with damaged eardrums or examination methods with hy-

persensitivity to noise or tremble, the work becomes risky. Risk assessment concerning un-

expected events included in the construction work itself should also be carried out. The other 

aspects shown in Figure 14 are also closely connected to risk analysis and patient safety, 

which were stated as the priority number one by interviewees from different expertise. 

 

Project scope and phasing, as in requirements of the desired solution and steps needed in 

achieving it, should always be known before decisions about the execution method can be 

drawn. Common modification projects mentioned, were for example conversions of storage 

space into consulting rooms. Sometimes the spaces under construction may need more build-

ing service capacity for some systems, which can be problematic: 

 

“If the new space under construction requires more power for example, the switch-

board and power transformers can be built inside the space and the project area 

doesn’t expand. But if we don’t simply have enough kick, we must add the electrical 

centre and the path from the centre to the space in the project area. And the manage-

ment of areas with healthcare traffic is very difficult. The lowered ceilings should al-

ways be closed right after opening, and there is always a lot of dust behind them. This 

is really a problem; the users often suffer from symptoms when these procedures are 

performed. You’d need another person hoovering or something.” (N10) 

 

Service areas of different building service systems should be mapped out. The building ser-

vice systems may cover large areas in old facilities and the systems cannot be disabled in 

single spaces without causing larger disruptions. This can mean the loss of ventilation or 

hospital gas distribution in an entire floor, in order to disable it in one room for example. In 

some cases, temporary measures can be provided for areas that belong in the same service 

network as the area under construction. Hospital gases were for example brought in bottles 
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while the gas piping was renewed and modified in a retrofit project. It should always be 

investigated to what extent does closing a valve, or switching off a fuse have an influence 

on, as unintentional disruption of systems may have serious consequences.   

 

Isolation of the site was seen problematic by several interviewees, especially in larger areas 

where isolative walls were built. A lower air pressure compared to surrounding spaces is 

required in order to keep dust and other contaminants from spreading. It is difficult to main-

tain a lower air pressure in larger areas as the building envelopes as well as other structures 

are often deteriorated and badly sealed. This may result in outbreaks of construction dust in 

operational parts of the hospitals, thus causing a high infection risk.  

 

Logistical route is also a crucial part of infection control and patient safety. Preferably, the 

logistics to the site should be handled through a temporary exit through the envelope or a 

stairwell not used by the staff.  

 

“Some functions, like imaging for example, can’t be relocated because the spaces and 

machinery are heavy with characteristic disturbance qualities and protective struc-

tures. We are finding ways for renewing the machinery, regarding technical and lo-

gistical routes, in a manner that allows the surrounding functions to remain opera-

tional.” (N6) 

 

A project manager of a hospital district stated that there had also been numerous projects 

where the logistical route went through the operational facility. These cases required thor-

ough safety measures, such as sticker carpets and air chambers. Every time somebody en-

tered or left the site, they went through a pressurised air chamber where they changed their 

clothes. Construction waste was bagged and sealed in a container before carried out of the 

site, usually once a day after hospital operating hours. After this everything had to be cleaned 

again. This had slowed down the project more than imagined and is therefore not a preferred 

solution.  

 

Fire safety is another concern with construction work inside operational hospitals, which has 

been neglected in some projects concerning the temporary isolation walls and exit routes. 

While the isolation walls need to be air tight, they also need to withstand fire in accordance 

to the fire safety regulation. The hospital staff as well as the construction workers also re-

quire a safe exit passage in case of a fire. If the construction site blocks out an exit path, this 

must be considered in the safety arrangements. 

 

While this section discussed the motivation behind hospital retrofits, it also addressed the 

main problems contributing to the scope of retrofits as well as the characteristics of smaller 

retrofit procedures. The section described retrofit projects from a more technical aspect. 

Therefore, their nature is addressed from the perspective of management and design related 

challenges in the next section.  
 

4.2 Challenges in retrofits 

 

The challenges of retrofits are versatile and the main problems shown in Figure 14 (namely, 

decentralized and inefficient operation, outdated building service and medical technology, 

structural deterioration) further increase their depth. This section presents the fundamental 
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problems encountered in management and design of hospital retrofits described by different 

interviewees from different projects. Factors that cause excessive use of resources, thus re-

sulting in value depreciation, are highlighted in order to find solutions for improving the 

projects. 

 

Administrative challenges 

 

There were administrative and political concerns regarding hospital retrofits, mainly con-

cerning public hospital campuses. The network of different healthcare functions in hospital 

campuses is complex and there may not be enough space for relocation of outdated spaces. 

 

“Our investment program started in 2012, and it was launched by creating new spaces 

for hot hospital functions. These new spaces were created first in order to have some 

space for the retrofitting of existing spaces. We don’t have a possibility of temporarily 

relocating functions to other real estates in this town or even in this county. All the 

functions were to remain inside this campus during the retrofitting process and they 

would take turns in relocating to available spaces. Some unit may relocate twice and 

some may be located in its final position straight away. But we always need more space 

to get this jigsaw puzzle up and running.” (N6) 

 

The planning of relocation steps and their execution requires great effort as there is also a 

lot of administrative tasks included regarding management of staff and patient queues for 

example. These administrative tasks may create great indirect expenses, which were not usu-

ally included in the expense calculations, as argued by a couple of interviewees.  

 

In public healthcare facilities, there is also a lot of political uncertainty involved with funding 

and site master planning, both from the government and the management of the healthcare 

district. This is problematic when considering the long chain reactions that the previously 

quoted jigsaw puzzles can create. The site master planning of hospital campuses may con-

front big changes that may even render earlier projects obsolete. 

 

“The retrofitted spaces for children’s clinic were functional for six to seven years, and 

now when the new children’s hospital is built, the retrofitted functions are relocated 

in it. […] Intensive care unit was no longer needed at all, and it was dismantled com-

pletely.” (N9) 

 

Project complexity 

 

The uncertainties in the top management, combined with the fast evolvement of healthcare 

technology and protocol, are the main issues of healthcare construction projects. The main 

fundamental challenge, stated by every interviewee either directly or indirectly, was the 

complexity of the projects. Numerous problems await solutions regarding not only the tech-

nical, but also the functional aspects, which of course are interrelated. A design coordinator 

from Sweden speculated that the reasons for hospital construction project complexity re-

sulted from the vast amount of technical installations: 

 

“In office building you have two levels of the design. You never know who is going to 

rent the spaces so you have all the general stairways and elevators and toilets and all 

those functions you design. Then when the companies who are going to rent it comes 
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in, then you do one project for each tenant. So, there you have a model for how it 

should be done. But that’s so much easier. The difference in a hospital is that you have 

so much technical installations.” (N19) 

 

An architect with vast experience in Finnish healthcare projects thought that the complexity 

originated from stiff decision making and inflexibility for changes that demand excessive 

use of resources. Minor changes in one aspect may set in motion a great wave of adaptation 

requirements, affecting several contracts. 

 

 “After a certain point, the smallest change can have a huge impact on several aspects 

and it becomes a chain reaction that you simply cannot anymore - it would seem log-

ical that yeah, we can easily move that wall there or remove that one. Then suddenly 

you have massive amounts of technology that have no wall or anything to be installed 

on.” (N16) 

 

Improving operational efficiency is the main driver of retrofits because it determines major-

ity of the life cycle costs. Therefore, as much of time and resources as possible are reserved 

for designing proper healthcare functions and spaces that support them. This has resulted in 

long design periods that may take several years, even a decade, involving a great number of 

personnel from different areas of expertise. While long and thorough design processes were 

seen mandatory due to the vast scope of the projects, it also brings new challenges regarding 

the rapidly changing nature of the healthcare environment (Figure 16). 
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Figure 16. Factors that contribute to the complexity of hospital retrofit projects. 

 

Large project organization and demanding design of healthcare processes 

 

Lack of experience was recognized as a problem with most of the actors in the project or-

ganizations. The last hospital construction wave happened around the 1970s and since then 

the industry has been quiet, which was speculated as a partial cause for the lack of know-

how. It was argued to be difficult to find contractors that can handle the complexity of these 

projects as they usually have no earlier experience, especially regarding building service 

installations. 

 

“At some point, we were considering of creating a contract for each building service 

system. We then came to the conclusion that there are no contactors available in the 

market that could handle them. This was probably the right call and we divided the 

contracts into 17 smaller building service contracts.” (N8) 

 

In several projects, the vast number of contractors had led to problems in communication 

and collaboration. Miscommunication, arguments and fighting amongst the project organi-

zation were brought up by several interviewees, in different projects and locations. This was 

a major concern, as the unproductive use of resources reduces the value provided. 
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“When the situation gets out of hand, and there is a great number of spaces and con-

tractors, the internal communication gets -, we started to have a lot of meetings, which 

were basically gatherings for liars. Everything is going well for everybody, but in re-

ality, nothing is progressing.” (N13) 

 

“We are so tired of arguing over every single matter. All the energy is consumed in 

fighting instead of creating extra value for anybody. We were just recently in the court-

house with a main contractor during a project. Though this case was settled, it de-

scribes how resources are used in contemporary construction industry. I don’t like it, 

it’s not a trade for an honest man.” (N8) 

 

Some interviewees also criticized the decision-making of customers and their representa-

tives. An architect stated harshly that customer organizations were rather an obstacle, than 

an asset, in most of the projects the interviewee had attended. Other interviewees as well 

though that the implementation of new methods or approaches that would provide greater 

value was difficult. Reasons for this were argued as a too strong focus on contemporary 

issues, investment costs and tight-fitted schedules. Lack of experience and expertise around 

the versatile properties of the project also leads to misinterpretations of the aim and effects 

of different solutions provided. One interviewee strongly stated that the reason behind rigid 

customer organizations was due to incompetent and unmotivated people that can also spoil 

the work environment with negative attitudes.  

 

Problems with communication and agendas were highlighted in the operational or schematic 

design, where hospital staff is planning the healthcare processes. Coordination of and com-

munication with actors from healthcare organizations was a common topic of discussion. 

While cooperation with the healthcare organization was seen important and beneficial, it 

also brought challenges. 

 

“The end users are strongly influencing the procurements in Finland. And this is both 

a resource and a threat, because you can never know beforehand if the user is going 

to be a resource or an obstacle in the process. Experience is extremely important in 

order to determine whose interests the user is promoting. Through experience only, 

can you determine if the user is aiming to improve their own comfort and not the qual-

ity of the healthcare services.” (N16) 

 

Doctors and nurses naturally know little of the design and construction of buildings and this 

may be problematic. They also have a different mindset concerning decision making and 

perceptive skills. By this, an interviewee meant that the typical work process for a nurse or 

a doctor includes a sick patient that is treated for a couple of hours, days or weeks and this 

short process is repeated. This is very different from the long and complex design processes 

of retrofits, where decisions are usually final and the later they require changes, the higher 

the costs. Therefore, the hospital staff may not fully understand the significance and gravity 

of the opinions they give or the decisions made based on them, which may slow down the 

design process. Another problem mentioned considering healthcare personnel was resistance 

to change: 

 

 “The biggest mystery in retrofitting hospitals is, that, when our clients have been op-

erating in the old spaces for quite some time, some for 30 years, they have locked their 

operation in a position where it has adapted to the contemporary spaces. Now when 
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we tell them that we are going to modify them, asking what they would prefer, the 

question is absolutely absurd for them. You should think the other way around; what 

should the operation be, and then create the spaces to support this operational model.” 

(N6) 

 

Sometimes the staff of a healthcare unit operating in an outdated building thought their pro-

cesses were unique and effective, wishing to duplicate the old processes in the new spaces. 

They also had problems in realizing and accepting new models of operation. For example, a 

new schematic design that included no personal work spaces, only common back office 

spaces, had risen an uproar amongst doctors. These doctors were then sent to United States 

to be introduced in local hospital processes, where the back office had been in use for years. 

Every doctor had returned to Finland complementing the idea.  

 

Lack of space for building service systems 

 

“Low floor-to-floor height is normally the limiting factor. The amount of building ser-

vices is so vast these days that they can’t be fitted in the low floors, as the lowered 

ceiling should also be appropriately high on the corridors. This is where the biggest 

problem of old hospital facilities lies.” (N3) 

 

Majority of the interviewees considered lack of space as the greatest challenge concerning 

technical designing of hospital retrofits. The narrow and shallow load bearing structures not 

only determine the location of some spaces, but also the distribution methods of building 

services. Building services cannot be traditionally distributed from centralized vertical shafts 

into the lowered ceilings of floors, and onwards to different spaces, because the floor-to-

floor heights are extremely low. There is practically no room for intersections in horizontal 

installation routes, which results in compact and integrated designs, where modification of 

a separate system is difficult in the future. Ventilation in particular is a problem as it would 

require great holes drilled in the beams in order to manage longer horizontal distribution 

routes. 

 

“The current standards for ventilation demand large piping, and holes of this size 

can’t be done. And if you try to go under the beams, you suddenly have the lowered 

ceiling at the height of two meters. It is pretty desperate, and this problem is usually 

solved by installing new machinery rooms on the roof from where vertical distribution 

is brought inside each grid created by the beams.” (N7) 

 

One interviewee had a colourful description for the solution of this problem, which he called 

the sawed-off shotgun method. The idea was to lay the blueprint of the building on the 

ground and blast it with a shotgun. These holes were your vertical building service distribu-

tion shafts that serve the surrounding areas. This enables the fitting of horizontal distribution 

to near areas, thus minimizing the need for modifying the load bearing structures as well as 

decreasing the lengths of horizontal installations and intersections of them. While the shot-

gun part was obviously a joke, it gives a good impression on the method building services 

are distributed in old facilities with insufficient floor-to-floor heights. This method requires 

a lot of designing and accurate modelling of different systems to determine the sufficiency 

of the space.  
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Even with rigorous preparing, the technical installations can cause huge problems in retrofit 

projects. An interviewee described a large project where building service installations were 

divided into small contracts in order to manage proper quality. Proper 3D-models were cre-

ated with surplus capacity for the installation routes. Nevertheless, the space was insufficient 

and the main problem was that the first contractors on the spot had used up all the installation 

space. Another interviewee also described a project example with similar problems: 

 

“Some projects have been aborted during the design or even the execution phase after 

becoming aware that the technical installations won’t simply fit. For example, a hos-

pital pharmacy was retrofitted from prefabricated elements, basically a building inside 

a building. The project was determined too complicated during the last stages of exe-

cution, although everybody believed that it could be managed. It was then decided to 

build a new construction for the spaces.” (N2) 

 

Low net usable area 

 

The great number of vertical distribution shafts also decreases the efficiency of space use. 

The net usable area is excessively consumed, which is problematically low to begin with 

when reconstructing and improving healthcare processes in old facilities.  

 

“Practically everything except structures, technical spaces, lobbies and corridors are 

included in the net usable area. […] Here is our non-usable area. All of the distribu-

tion shafts, lobbies as well as this long corridor in the middle of the building, and as 

you can see, it is a significant proportion of the gross floor area. […] The price looks 

cheap when compared to gross area square meters, however, the real price, which I 

consider to be the price compared to net usable area, is high, which is the more im-

portant parameter. The efficiency ratio of space use is poor.” (N8) 

 

In retrofitted old hospital facilities, the amount of net usable area is a lot lower than in new 

hospital facilities. This problem usually had no solution and it had to be coped with through 

compact spaces and effective processes, reducing patient bed spots and personal office space 

for example. This further complicates the design of new healthcare processes and spaces. 

 

The possibility of different extensions or construction of a new facility was of course talked 

about. These options were seen difficult especially in bigger cities and hospital campuses, 

where buildings are under strict preservation orders and there is no land available for new 

construction. While officials and the public are becoming increasingly open to the idea of 

dismantling and reconstructing hospital facilities, there should always be an empty land plot 

on a good location where to build. With university hospitals, this location should be inside, 

or right next to the campus as the facilities are required in educational purposes also.  

 

Long processes with uncertainty and late changes 

 

The long project timeline and rapid changes in the healthcare environment are a problematic 

combination. The fast advancement of healthcare technology may render some functions 

obsolete already during the project. This is where the old anecdote about newly constructed 

hospitals being outdated at the point of completion has its roots. There is also another trou-

bling aspect in the fast advancement of technology and long design processes. New and more 

effective medical technology is invented continuously and because the operational efficiency 
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is of utmost importance, the latest technology is always desired. This creates extra challenges 

for designing, as the specifications of different medical equipment may not be known until 

the last phases of the project. Different equipment may have different heat loads and power 

requirements for example, which may affect the building services required in the space. 

 

“There are challenges, often the models of medical apparel and their specifications 

are guessed in the design phase, and if the apparel evolves or something better comes 

available during the project, which is usually very long, then you might have to relo-

cate already finished plumbing systems or increase cooling capacity for example. We 

of course aim to create a good enough guess to somehow manage the requirements of 

any product manufacturer. But sometimes difficult obstacles are encountered, and they 

are easier to recreate while the hospital is still empty.” (N2) 

 

“The greatest proportion of late changes arouse from building service and medical 

technology changes. As the specifications of apparel become known at the end of the 

project when the customer chooses them, it always causes the fact, that some manu-

facturer requires the technical output from other direction and such.” (N14) 

 

Uncertainty and risks are also involved in the execution of normal tasks. A project manager 

stated that every installation should be done in the surface of walls in order to avoid accidents 

in the final stages of furniture and apparatus installation. He had an example of a cupboard 

mounting that managed to punch a hole in a water pipe leading in great delays and costs.  

 

Even minor changes during the later phases of execution may have substantial effects on 

time and costs, because the scopes are complex and strictly scheduled to begin with. An 

interviewee talked about a project that included delays and penalties resulting from poor 

organization of interrelated tasks: 

 

“An accurate enough timetable and supervision over the timely execution of tasks is 

important. You naturally cannot paint a wall before it is plastered. The tasks would 

have completed as scheduled, but the order was wrong. […] The problems in our con-

tract culminated around the fact that the construction contractor didn’t finish the 

spaces in time, and we can’t equip them if they are not tiled.” (N13) 

 

Therefore, delays may pile up causing disturbance for the next tasks. In addition, minor 

changes that seem simple may affect several previous contracts and tasks completed. The 

purity requirements regarding ventilation installations were stressed as a major issue of late 

change demands, as dust producing activity is prohibited after the ventilation ducts are open.  

 

Another repeated cause for delays and problems in execution, repeated by several interview-

ees, were the poor and misinforming old plans of facilities or sometimes even the lack of 

them. Accurate measures concerning horizontal building service installation routes, for ex-

ample, were often received only after the dismantling began. 

 

Rapid change and inflexibility for late adaptations combined with the length of the project 

timeline contribute to the complexity of the projects. Furthermore, the complexity also in-

creases the time and resources required for the project, thus strengthening the phenomenon. 

The projects are usually strictly scheduled, which results in haste and compromises that can 

become an obstacle for value creation (Figure 17).  
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Figure 17. Project complexity. 

 

As depicted in Figure 17, the high amount of project complexity results in difficult 

coordination and unproductive use of resources. Strategies for simplifying retrofit projects, 

and thus, increasing value creation, are discussed in the next section. 

 

4.3 Strategies for increasing the value of retrofits 

 

The early phases of design were generally considered the most important part of the project, 

because they have a great impact on both project investment costs as well as operational 

costs of the facility. Therefore, this section will describe the early design processes of dif-

ferent organizations and projects. Effective strategies that address the challenges causing 

complexity and value depreciation, discussed in the previous section, are then recognized. 

 

Designing for high value 

 

Several interviewees stated that no real effort is put in the optimization of life cycle costs, 

even though they are talked about during the design. One reason for this could be the com-

plexity and uncertainty, which uses up resources otherwise directed for extra creation of 
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value. Optimization of operational costs was argued as the most important aspect of provid-

ing value in hospital retrofits. Creating savings in the investment costs was considered un-

wise by numerous interviewees, as has already been quoted earlier. Another interviewee 

stated that a strict target price or budget limits the creation of value: 

 

“We had an ambitious target price that was exceeded, which in a way, can be seen as 

a setback. But as we continuously improve the original design by seeking the best pos-

sible solutions, some of these solutions may be higher as an investment cost, but they 

create better value. And value, as in financial benefit, speaks on behalf of higher in-

vestment costs because they serve the operation better, thus reducing life cycle costs.” 

(N26) 

 

Numerous interviewees stressed the importance of first designing proper healthcare func-

tions and operation because they are a precondition for proper layout design. The design of 

efficient floor plans that support healthcare processes were considered the most important 

part of value creation. This design process was described as very complex, often demanding 

excessive use of time and manpower. 

 

The importance of utilizing earlier experience was stressed in order to improve the design 

processes. The fact that every hospital district, or other healthcare actor, must re-invent the 

processes is wasteful. Combining the experience and know-how of different actors could 

bring huge savings and improvements in value creation all around Finland.  

 

“Now when the social and healthcare reform comes, all the key hospital estates are 

managed through one national service centre that is responsible for their investments. 

Currently, every hospital district has their own way of managing hospital retrofits, 

some of which are probably okay, but some of which are terrible. Now all the know-

how from different districts is combined, which should improve value creation in hos-

pital retrofits or at least remove all the terrible methods. As there are countless invest-

ment projects in progress, and there will still be in the beginning of the next decade, 

this could bring great benefits.” (N6) 

 

Interviewees from several projects, from both public and private organizations, described 

their design processes. As the projects discussed were usually first of their kind in different 

locations, they created entirely new methods and job descriptions for design development. 

New job descriptions concerning design coordination, requirement analysis, adaptation of 

new healthcare standards and management of healthcare personnel were created in different 

projects during the past decade. The persons in these positions usually had a long history in 

healthcare professions as doctors and nurses. The input of these persons was extremely val-

uable for the success of the projects.  

 

The main idea of the initial design phases is to review the healthcare processes through lean 

thinking, thus removing unnecessary waste and reducing life cycle costs. The design pro-

cesses described by actors from different projects and organizations were similar. The design 

solutions were continuously improved by iterating in order to remove waste and recognize 

bottlenecks from the proposed layouts. The original layouts were based on the old layouts, 

benchmarks of other similar solutions or plans created with the help of a standard room 

model collection, which includes the basic requirements of different spaces. The following 

quotations describe the layout design of two hospital construction projects. Although the 
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first one is from a new hospital construction project, it is similar to the next one, concerning 

a retrofit project of converting a business premise into hospital spaces. 

  

“Here is an example of a method for designing the processes; different steps for the 

patient flows are determined; they register, they go to the waiting room and whatever. 

Then we number the steps and once we receive a good enough layout from the archi-

tect, we insert the numbers in it. Then we create ‘spaghetti’ lines between the steps. 

Now we can do the most important part of analysis; is the process easy, simple and 

are the distances appropriate? […] The level of detail in the functional simulation is 

extremely important and is often done in a too general level. You can’t simply say that 

the patient comes in the hospital, is operated, and then leaves the hospital. […] The 

process should be presented in detail with every step, as well as travel routes between 

steps, analysed. […] These simulations have revealed a lot of bottlenecks; one gypsum 

room may be missing or there are so many receptions that last two spots will never 

receive patients.” (N24) 

 

“It was basically pair work between me and the architect in the beginning. [...] I used 

to print out the latest layout in A3-format and then made suggestion by drawing new 

ideas – ‘hey, could this work?’ The work also proceeded by me suggesting ideas that 

the architect would scale and evaluate with his expertise; are the spaces wide enough, 

are there enough square meters and do they fulfil the regulations? Sometimes it 

worked well, sometimes it didn’t. […] Sometimes I just drew arrows showing that the 

patient should fit in here and proceed there, and the staff should be able to go here 

without crossing paths with the patients, and so on. When the architect knew the goal 

of the process, he conducted surprising and brilliant solutions by recreating the whole 

package.” (N25) 

 

These simulations were also conducted from the perspective of nurses, doctors and even 

logistics of separate medical apparatus. This process was described extremely time consum-

ing mainly due to the challenges illustrated in Figure 16, namely the complexity of the pro-

jects. The old layouts and processes were analysed in some projects first by benchmarking 

the operational models of other hospitals, and then with a top-down – bottom-up method. 

Every process and function was inspected from single small events to larger unities, and then 

the other way around.  

 

A couple of interviewees also described an initial method called spherical diagram, which 

they had implemented in a retrofit including a newly constructed extension. The processes 

and their requirements were first illustrated without any actual floor plans. Rooms, units, 

and functions were portrayed as spheres and their interrelations were simply described by 

connecting with lines and adding descriptive text. These mappings were then presented to 

the healthcare unit performing the processes that would then modify and improve the plans. 

This iterative process was repeated a few times, and when all processes with their interde-

pendencies were clarified, only then were the spaces planned in the layout. This method was 

described effective as it simplifies the functional designing because there are no elements of 

disposition or technical solutions in play.  
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Design strategies 

 

The initial schematic design was a long process in several larger projects, where the first 

plans were often too expensive or required too much space. Most of these projects were new 

construction, but similar examples were also given of retrofit projects. 

 

“The calculated costs of our initial design exceeded the budget by over 50 million, 

which is why we had to decrease the size of the building. We removed one floor and 

compacted the floor layouts, which resulted in a much more efficient end result. It is 

always a good thing to iterate the planning process, nobody cares about the decreased 

square meters if the functionality of the facility is improved.” (N24) 

 

Revisiting design solutions was considered important as the projects are complex and the 

early decisions have the greatest impact on operational as well as investment costs. On the 

other hand, the duration of the design process should be decreased, which is why strategies 

concerning benchmarking and standardization, for example, should be applied.  

 

Table 2 presents 13 strategies for alleviating the challenges that contribute to project com-

plexity. The previously described strategies for initial functional design and layout outlining 

are simplified under flow analysis. The design strategies are completely uncoupled and mod-

ular, as one does not obstruct the utilization of another. Therefore, potential strategies can 

be combined to match the project-specific needs of any hospital retrofit. Each strategy should 

simplify and alleviate the causes for complexity shown in Figure 16, listed on the right col-

umn. 

 

Table 2. Design strategies for improving value creation in designing retrofits. 

 

Design 

strategy 

Description Addressed challenge 

Previous 

experience 

Benchmarking and revisiting solutions or prob-

lems form previous projects should be carried on 

in order to improve hospital retrofit projects and 

prevent mistakes. Experience should also be uti-

lized by including personnel with healthcare 

background and previous experience on similar 

projects. These personnel are invaluable in coor-

dination and communication inside the vast and 

diverse project organizations. 

Miscommunication 

Divergent agendas 

Inexperience 

Demanding design  

Rapid change 

Late changes difficult and expensive 

Big room Big room is a great solution for reducing errors 

and improving the design process through inten-

sive collaboration and mutual value creation. 

Stakeholders should gather weekly to share their 

knowledge and discuss the progress as well as 

current situation of the project. Big room enables 

the earlier discovery of critical tasks or their in-

terdependencies, which can greatly reduce the 

amount of resources required. 

Miscommunication 

Divergent agendas 

Inexperience 

Rapid change and uncertainties 

Demanding design  

User re-

quirement 

analysis 

Only compulsory spaces should be designed and 

alternative solutions reviewed as early on as pos-

sible. Here are some examples; if sterilized 

equipment is reused in under a year, their storing 

doesn’t require separate purifying spaces. Partly 

resulting from digitalization, less spaces are 

Lack of net usable area 

Demanding design  

Late changes difficult and expensive 
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needed for personal offices, which are replaced 

by common back offices. New, more efficient 

treatment processes also decrease the need of 

hospital bed spots. Other similar methods should 

be inspected to answer for the loss of operational 

space consumed by technical spaces. 

Disposi-

tion prin-

ciples 

The positioning of demanding spaces, such as hot 

hospital functions, should be in spaces with high-

est possible floor-to-floor height or in a floor be-

low or above technical spaces. Technical spaces 

should be centralized in stairways or lobbies so 

their maintenance causes less disturbance for 

healthcare operations. If this is not possible, ver-

tical distribution shafts should be located on the 

inner side of the frame whereas operational 

spaces, such as examination rooms, should be lo-

cated on the outer frame to allow natural lighting. 

Demanding design  

Rapid change and uncertainties 

Impractical existing structures 

Flow  

analysis 

Flow analysis for different logistical flows and 

processes should be performed, as described be-

fore. Patient and staff flows should not collide. 

Same applies with equipment maintenance 

where there should also be different routes for 

clean and dirty equipment. Flow analysis shows 

if there are bottle necks in the operation or if 

some interrelated functions are too far away from 

each other, for example. Complete treatment pro-

cesses with each encounter analysed through the 

principles of LEAN-thinking allow the design of 

spaces that support the operation the best. 

Demanding design  

Late changes difficult and expensive 

Accurate 
schedul-
ing 

Because the scopes are large and complex includ-

ing numerous, interrelated contracts, the mean-

ing of an accurate and commonly followed 

schedule is highlighted. The schedule should in-

clude buffers for uncertainties regarding medical 

apparel that are not yet specified. Rigorous su-

pervision and management of the schedule in col-

laboration with all the stakeholders, in big room 

meetings for example, is important. 

Miscommunication 

Demanding design  

Rapid change and uncertainties 

Late changes difficult and expensive 
 

3D- 

modelling 

While 3D-modelling is mandatory in collision 

checking of building service systems, it can also 

provide insight about the spaces under design for 

the end user. 3D-models are not accurate enough 

for presenting model spaces, as they lack some 

properties, such as doors and furniture for exam-

ple. They can though create great initial impres-

sions and can bring forward larger possible issues 

in the earlier phases. The earlier the problems are 

noticed, the easier they are to correct. 3D-models 

and tablets for technical installations should also 

be used in order to fit all the systems in narrow 

spaces. 

Demanding design  

Late changes difficult and expensive 

Miscommunication 

Cave- 

simulation 

Cave-simulation gives a better understanding on 

the properties of spaces under design. The 

method is based on a picture reflected on several 

surfaces, which are then viewed through 3D-

glasses. Cave-simulation is not accurate enough 

for large-scale investments where possible mis-

takes can cause significant LCC issues.  

Late changes difficult and expensive 

Miscommunication 
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Model  

spaces 

Model spaces are the best solution for larger-

scale projects. Though it is expensive to create 

these cardboard mock-up spaces, they have 

brought up several mistakes that could not be dis-

covered from any virtual simulation. These prob-

lems are often related to the mobility of stretch-

ers, tall patients and staff in operation rooms. 

Model spaces also help in filtering unnecessary 

and often expensive functions. These mistakes 

would be extremely costly if duplicated in sev-

eral units and discovered after the initialization 

of the facility. 

Late changes difficult and expensive 

Miscommunication 

Standardi-

zation 

Standardization of different room types has been 

used for years in some hospital districts in the 

form of a room model database. Each hospital 

unit has their own room type category, where op-

eration inside each room is described and tech-

nical requirements given. This allows the recy-

cling of past ideas into new projects, where the 

unit staff can update them as they prefer. Stand-

ardized room designs also allow a more effective 

use as equipment are always located in the same 

places. Standardization also allows the vertical 

duplication of floors, which simplifies the design 

process. 

Inexperience 

Demanding design  

Rapid change 

Late changes difficult and expensive 

Outsourc-

ing of 

functions 

Outsourcing of tasks performed by healthcare 

personnel allows a more effective use of their 

time. This may also enable smaller demand for 

storage space if equipment logistics are handled 

efficiently by an outside organization that deliv-

ers the goods autonomously to their rightful 

place for example. 

Lack of net usable area 

Multifunc-

tional  

spaces 

It may not be known which healthcare units are 

occupying the spaces during the design or even 

the execution phase of larger retrofit projects. 

This is partly why multifunctional spaces should 

be designed. The advancement of movable 

healthcare technology further enables the use of 

universal room designs that can be used for dif-

ferent purposes. Multifunctional spaces com-

bined with standardization and duplication has 

been found to significantly simplify the design 

process, thus improving the value provided. 

Demanding design  

Rapid change 

Late changes difficult and expensive 

Adaptabil-

ity 

The main element of creating value and improv-

ing LCC is the preparation for future changes be-

cause the healthcare environment is rapidly 

changing and unpredictable. This strategy, re-

ferred to as adaptability, was such an important 

and common topic in the interviews that it is pre-

sented separately in the next chapter. 

Impractical existing structures 

Rapid change 

Late changes difficult and expensive  

Modular 

solutions 

Prefabrication of structural components, machin-

ery room modules for example, was considered a 

cost-efficient as well as time saving method. 

While the construction of the horizontal building 

service distribution was stressed as an impossible 

equation with the lack of space, vertical building 

service modules were thought of as interesting.  

Demanding design  
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The main challenge of hospital retrofits can be simplified as complexity, which results in 

value depreciation, caused by various factors shown in Figure 16. The main objective should 

be to simplify this complexity, which is what the design strategies shown in Table 2 aim for. 

Continuous improvement of design processes by learning from previous projects as well as 

gathering knowledge and expertise should be continuously carried on as listed on top of 

Table 2. This approach should result in shorter lengths of project timelines, which alleviates 

the problem of rapid change as well as leaves resources for further innovation and value 

creation.  

 

A new project management model, project alliance, was also discussed by several interview-

ees as it addresses the problem of complexity through high collaboration and most of the 

strategies presented in Table 2. The method was criticized due to creating forced presence 

in meetings concerning stakeholders that had no purpose in attending in earlier phases, thus 

consuming the time of all attendees by pretentious participation. Therefore, these design 

strategies should be used as a part of project alliances, as they can help in utilizing the full 

potential of high collaboration in a more productive manner. 

 

Adaptability was considered as the most important strategy to implement in hospital con-

struction due to the rapid change. Rationally implemented adaptability measures help in sus-

taining the operational efficiency with a minimized use of resources as adjustments for more 

efficient methods can be performed with ease. Similarly, modularity has long been an active 

topic of discussion and research in different healthcare applications. Adaptability and mod-

ularity were such broad and important subjects in the literature as well that they will be 

further discussed in the next chapters, juxtaposed with the findings from the literature. The 

next section concludes this chapter by summarizing the key findings. 

 

4.4 Summary of the hospital retrofit problematics 

 

The versatile problems and challenges of hospitals were discussed in the first sections, which 

led to the conclusion that project complexity results in an unproductive use of resources, 

thus reducing value creation. Many factors increase the complexity, such as vast project 

scope, long project timeline and rapid change in the environment, regarding both managerial 

and technical aspects. Section 4.3 continued to analyse different approaches and strategies 

that decrease the amount of complexity, thus improving value creation. 

 

Several interviewees stressed the importance of the early design phases concerning 

healthcare processes and functions, because the project flexibility is high, thus allowing 

changes with minor resource consumption. It was also argued that the early design phases 

determined most of the operational efficiency, the greatest cost factor in LCC. Therefore, 

the early design processes of different organizations were reviewed in order to recognize 

efficient methods. Different design strategies for improving the value creation were then 

listed in Table 2.  

 

These strategies hold great potential in constructing the answer for the final research ques-

tion, as miscommunication and misinterpretations were mentioned as an obstacle for value 

creation. It was argued that new approaches with better value were difficult to get approved 

by the customer organization. Therefore, all the different processes and strategies should be 
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provided in a concise manner, which can be achieved with the help of service modulariza-

tion. The design strategies provided in Table 2 are completely uncoupled and modular, as 

one does not obstruct the utilization of another. Therefore, potential strategies can be com-

bined to match the project-specific needs of any hospital retrofit. The standardization of 

these processes and strategies is a key aspect in creating more productive hospital retrofit 

projects. This is topic is addressed further in Chapter 6. 

 

Rapid change in the healthcare environment was ruled as a major source of project complex-

ity and low value end products. The rapidly evolving healthcare environment not only causes 

challenges due to unspecified medical apparel during the projects, but moreover through the 

difficulties in sustaining the operational efficiency after the retrofit. Upgrades may be im-

possible to execute without causing large-scale disturbance for the hospital operation, thus 

creating great additional operational expenditures either through disturbance, or through 

maintaining the inefficient and outdated technology. Sustainable solutions for managing 

change, or future-proofing, were found from adaptability, which is discussed further in the 

next chapter. 

 

5 Adaptability 
 

Because adaptability showed the greatest potential in value provision through LCC optimi-

zation, it is discussed further in this chapter by dividing the design strategy of adaptability 

into adaptability strategies. Different adaptability strategies are validated through juxtapos-

ing the empirical data with the findings from the literature. One objective is to serve different 

strategies as independent units, in order to allow as uncoupled interfaces as possible, which 

will help in utilizing them in creating the service concept.  

 

The chapter starts by discussing the meaning and effect of adaptability as perceived by the 

interviewees. After discussing the definition, Sections 5.1, 5.2 and 5.3 combine the adapta-

bility strategies found from the literature (Table 1) with the strategies described by the inter-

viewees. The strategies are presented in context with the associated open building system 

level. Finally, the level, quality and location of adaptability are discussed in Section 5.4. 

 

While the rapidly changing healthcare environment was determined a great source of project 

complexity, it further causes another even more significant problem; unsustainable opera-

tional efficiency. Healthcare technology and processes evolve continuously resulting in fast 

reduction of operational efficiency. Adaptability was stated as the most important design 

aspect of hospital retrofits by many interviewees, as it is the only strategy for productively 

sustaining the operational efficiency. Another LCC aspect concerning adaptability is the ex-

tension for the service life of the retrofitted spaces (Figure 6), which is another, even greater 

source of operational cost savings (Bjørberg and Verweij, 2009).  

 

Based on the findings, adaptability is a widely-known, though poorly defined, concept, often 

implemented in hospital retrofit design. The reasons for the need of adaptability were con-

sidered both political and technological. Several interviewees involved in public healthcare 

procurements speculated the effects of the social and healthcare reform in progress. It might 

further extend the gap of unpredictability in the industry, as some services in some regions 

may become obsolete. Reactions of population are also difficult to predict considering the 
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freedom of choice provided with the reform, which may result in unexpected capacity 

changes between healthcare services.  

 

“Nobody can predict the volumes required from special care units in the future. We 

may not even need all of the functions currently in use, and promised by the social and 

healthcare reform as some functions are centralized and so on. […] The definition of 

adaptability is that we don’t have to execute incredibly thorough structural modifica-

tions in order to change the purposes of use.” (N26) 

 

“There is a huge difference between the time intervals of advancement between con-

structions and technology. Treatment methods and medical technology advances so 

much faster compared to structural solutions and constructed spaces. This is what 

adaptability is needed for. When you have two interrelated variables that have com-

pletely different concepts of time, you need to have adaptable solutions.” (N16) 

 

Many interviewees stated that investment costs often confuse decision makers, who then fail 

to consider LCC. Within the field of hospital construction, the costs of operation quickly 

exceed the cost of initial investment.  

 

“We are still too focused on the investment costs, when you should focus on the life 

cycle costs. So, I do think that small sacrifices for adaptability are in place when in-

specting the life cycle of the facility.” (N11)  

 

Criticism on the application of adaptability was common among the interviewees, as changes 

were considered impossible to prepare for, which supports the statements of earlier research 

(Carthey et al. 2011 and Pati et al. 2008).  

 

“The challenge is, as I mentioned earlier, that we don’t know the situation in 10 years. 

There are some trends, and at least the pace of change is not going to slow down. That 

I don’t believe.” (N11) 

 

One interviewee, an architect, argued that the investment in adaptability results in poor op-

erational efficiency due to loose layout design. The methods and concepts of adaptability 

found from literature did not address the problem of insufficient net usable area, which was 

a key aspect while discussing adaptability with the interviewees. Adaptability was com-

monly associated with bigger room sizes, technical spaces and capacities that reserve extra 

space from otherwise efficient operation. An example was given where extra capacity was 

provided for technical distribution routes, which was never utilized, thus reducing opera-

tional efficiency. This correlates with the research of Ulrich (1993), who stated that modular, 

as in adaptable, solutions make sacrifices in initial performance efficiency, whereas a com-

pact and integral design has a high initial efficiency, which then degrades as fast as the en-

vironment and demands change.  

 

In addition to extra space, enabling adaptability naturally requires extra time and investment 

capital also, which were stressed as resources inadequate to begin with in the complex ret-

rofit projects of old hospitals. It was also speculated that the magnitude of change is so vast 

that it could not be answered with adaptability. The architect, who was concerned about the 

loose layouts, also argued that it is difficult even to guess the operational requirements at the 

time of completion in projects with long design processes: 
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“Even if the original guess and operational model happened to be the right one, the 

life cycle of a department or a unit is still only 10 or 15 years. We do a lot of department 

retrofits where the whole floor is blown empty, so what is the purpose of – what is 

meant by adaptability then? If it means some 100% easy, fast modification and retro-

fitting, then there might be some sense in it. But if we are preparing for something we 

have no idea about, then in any case the hospital operation is going to change so much 

during the next 20 years that the whole floor requires reconstruction with only load 

bearing structures preserved. So, is the investment in adaptability then worthwhile?” 

(N23) 

 

The previous quotation shows that there is a lot of uncertainty concerning the definition and 

benefits of adaptability. It also includes a lot of vague speculation on the very important 

aspect of service life period (Figure 6). There are huge financial impacts between having a 

service life of 10 or 20 years. If the service life of retrofitted spaces can be prolonged even 

by a year, while sustaining reasonable operational efficiency, the capital savings are great. 

Moreover, the possibility of bringing more efficient operational functions even a year after 

the retrofit, without causing vast operational disturbance, greatly reduces the operational 

costs.  

 

“The life cycle costing is greatly affected by the management of upcoming changes; 

the costs that certain changes require, if they require physical changes at all. If phys-

ical modifications are required, then it is important to know how they are done, and 

what is the magnitude of disturbance caused for the hospital operation. This is where 

the biggest money flows.” (N6) 

 

The empirical data correlated with earlier research, as generality was considered to be the 

best form of adaptability because generality does not prepare for a specific change. However, 

preparation for managing unpredictable changes should also be implemented to some extent, 

which is why elasticity (expandability) and flexibility (convertibility) should be utilized. 

Therefore, the quality, amount and location of adaptability should be determined carefully, 

as discovered in the literature review also.  

 

The literature review revealed the vague definition of adaptability to be a major reason for 

its poor implementation (Carthey et al. 2011; Pati et al. 2008 and Pinder et al. 2017). This 

was also pointed out by the interviewees, and customer organizations were noted to focus 

on investment costs and solutions for contemporary problems than future-proofing. Com-

munication inside the vast project organization also led into misinterpretations and stiff de-

cision-making. Therefore, it is important to construct a clear and universal definition for 

different types of adaptability, in order to help its design in these complex projects.  

 

Only one project and one interviewee described a systematic approach adaptability. Adapt-

ability in the project was divided into four levels (explained in the following quotation). This 

project example also clearly included the highest amount of adaptability and overall lifecycle 

evaluation from all the projects discussed between the 28 interviewees. 

 

“We have divided our adaptability into four levels. The first one is, that when you step 

into the room, you recognize the room and its properties, this material is found from 

there, this cupboard has that. You don’t have to use different standards every other 
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time. […] The second one is for minor physical changes, in some spaces for example 

we have designed walls that have no technical installations, thus allowing their re-

moval if needed. […] The third degree is adaptability from the technical systems; we 

can disconnect systems and isolate rooms with small technical procedures if they re-

quire more extensive physical modifications. […] And then the ultimate form of adapt-

ability; extension of space in one way or another. We can provide the capacity for 

vertical extensions or then we can preserve a spot of land which can be constructed 

on, and connected with tunnels or some other way.” (N27) 

 

This definition is practically the same as constructed in Figure 5 with the help of various 

researchers (Arge 2005; Carthey et al. 2011; Pati et al. 2008 and Pinder et al. 2017). The first 

degree matches generality, which also includes multifunctional use of spaces and changes 

that require minimum work, installing medical apparel for example. The second and third 

degree described by the interviewee, which include changes created through construction 

work, are categorized under flexibility (convertibility). The last degree matches the last cat-

egory; elasticity (expandability).  

 

Outlining the categories of adaptability is extremely important in order to have efficient 

communication and decision making inside the project organization, because the goals and 

benefits are easier to comprehend. Connecting the categories to open building system levels 

further improves the perception around the concept, thus also helping its utilization in a ser-

vice concept. The interfaces of different strategies are easier to estimate when the system 

levels they are applied in are predefined.  

 

Figure 18 presents the different adaptability strategies as well as the open building system 

level they are implemented on. It combines the adaptability strategies found from the litera-

ture (Table 1) with the statements of the interviewees. Because the properties of higher open 

building system levels affect the lower system levels (Kendall 2005 and Geiser 2004), the 

adaptability categories are also interdependent.  

 

 
 

Figure 18. The design strategy of adaptability, associated with open building levels. 
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The following sections (Section 5.1, 5.2 and 5.3) discuss the above strategies (Figure 18) by 

presenting interviewee statements that validate or disregard their potential value. Each sub-

section addresses one of the three open building system levels and the strategies that can be 

implemented during their design. These strategies should be discussed when optimizing the 

location, amount and type of adaptability enabled in hospital retrofit projects, which is ad-

dressed in the final Section 5.4.  

 

5.1 Elastic primary system 

 

The most intrusive level of adaptability is elasticity, which can be applied through modifi-

cation of the primary system, mainly the load bearing structures. As the higher system levels 

affect the lower levels, design solutions related to the primary system also affect the second-

ary and tertiary systems and therefore, characteristics concerning flexibility and generality. 

Though there are only two adaptability strategies related to elasticity, they should be care-

fully reviewed as the financial impacts regarding extensions and contractions are often great.  

 

Preparation for extensions 

 

 “We have already executed two elevation operations. […] These procedures haven’t 

been prepared for in the 80s when the buildings were built, and I can tell you that they 

are very difficult and extremely expensive. You must reinforce pillars and foundations 

in middle of the active hospital environment, there is not enough capacity for bringing 

more technical installations, there are the safety requirements and so on. Even though 

we have the capacity and option to elevate this new hospital, the two previous projects 

have shown that elevation causes more disturbance than any other procedure. On the 

other hand, there is usually no space for horizontal extensions either, so elevation 

should be prepared for. But its execution comes with its problems.” (N6) 

 

Capacity for future elevations could be provided during the retrofits while the hospital envi-

ronment is not active. In addition to capacity for load bearing structures, adaptability is also 

required from building services, bomb shelters and fire safety measures as well as permis-

sions from the city planning committee. As the previous quotation shows, elevations should 

be considered as a last resort.  

 

Horizontal extensions were considered the better option according to other interviewees as 

well, though space for them is often scarce. Functions that potentially require extra capacity 

in the future should be located next to the area reserved for the extension, which should be 

protected from permanent construction that would obstruct execution of the extension in the 

future. One hospital extension project included pre-built capacity for foundations, in case 

further expansion would be required in the future. The possibility of constructing logistical 

tunnels between the old hospital and an extension was also discussed in the interviews.  

 

Extra capacity 

 

“We can also puncture holes into floors. We designed our load bearing structures with 

surplus capacity, every third hollow-core slab can be removed completely without dis-

turbing building stability or other properties. If we need an additional stair or vertical 

building service distribution shaft, it is possible.” (N27) 
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Though this quotation addresses an extension of an old hospital, the same approach can be 

applied to retrofits of old spaces by reinforcement of the primary system. Another inter-

viewee also described modifications of the primary system in order to create adaptability for 

the secondary system:  

 

“In some projects, we had enough load capacity for the concrete beams, but not for 

the plates between them, which were then reinforced. We installed steel beams from 

concrete beam to beam. […] Carbon fibre reinforcement is another good solution for 

retrofits as you have low floor-to-floor heights and steel beams obstruct technical in-

stallations.” (N10) 

 

Design of the secondary system is the most important level for enabling adaptability strate-

gies, which is why every solution that enables more options in its design, should be reviewed. 

The quoted interviewee also stated that the projects involving steel beam supports were very 

demanding. Development of a standardized solution for creating options and adaptability for 

the secondary system through modifications of the primary system could thus be highly ben-

eficial, as the method could be simplified and further developed. 

 

5.2 Flexible secondary system 

 

The second level of adaptability in the secondary system answers for changes implemented 

through physical modifications. While investments in pre-emptive preparations for unfore-

seen changes were criticized in the literature (Carthey et al. 2011 and Pati et al. 2008), as 

well as by most of the interviewees, it has also been widely argued that changes usually 

come as a surprise and are thus difficult, or unwise, to prepare for. Therefore, having capacity 

for managing unforeseen and greater changes is very important, which is what flexibility 

(convertibility) widely stands for. The secondary system was also determined as the most 

important system level concerning the design for adaptability because it dominates the char-

acteristics regarding generality as well.  

 

Isolation 

 

Several interviewees promoted the ability to isolate spaces, also the ones who criticized hav-

ing technical reserve capacity due to limited space. It was considered the wisest form of 

adaptability, as it does not prepare for any specific changes. 

 

“We have circular distribution networks for building services, which means that the 

distribution is not divided into spaces from one point, but from circular installation 

routes. This enables the possibility of closing the system between a certain space, while 

it remains functional in other spaces.” (N11) 

 

“A key aspect in allowing adaptability in hospital construction is the ability to isolate 

the area to be retrofitted from the surrounding operation. Technically, logistically, 

and in every other possible way. We must have circular building service networks that 

are distributed from several points to the floors in order to close and isolate a block, 

while allowing normal operation of surrounding spaces. Adaptability doesn’t mean 

that we have a patient lying next to us while we drill. That can never be done.” (N8) 
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The isolation of spaces, referring to the properties of working among active hospital envi-

ronments discussed in Chapter 4, was not promoted in the literature. Several interviewees 

considered this as the most important factor in creating room conversions or other retrofit 

procedures without disrupting the operation of larger areas. It allows an uncoupled interface 

between a room and other spaces, as the room can be modified without affecting the other 

functions. Uncoupled interfaces and a simplified functional structure for components that 

are likely to face adaptation, wear or consumption, were recommended by Ulrich (1993). 

Therefore, spaces that are likely to be converted, require frequent updates or include other 

uncertainty concerning the continuity of their purpose, should be provided with properties 

for isolation.  

 

The same method was applied in a project in Sweden due to fast change intervals in hospital 

equipment. Although this quotation concerns a new hospital construction, these properties 

should be enabled, when required and possible, in hospital retrofits. This would allow spaces 

with high adaptability for either frequent, predicted or unforeseen change demands. 

 

“What we’ve been trying to do, because there was also a problem with other buildings 

on this site, that if we wanted to change an equipment in here, then we had to close 

down this and this space above them, and so forth. But now in this hospital building, 

we’ve done rooms with self-supporting electricity, ventilation, all medical gases and 

so forth, so we just close down this room and surrounding rooms can go on as usual. 

And we have also prepared for logistics. When we want to take out an equipment, we 

take it through the window instead of walking around inside with dirt and construction 

workers. So therefore it’s, we’ve done everything we can to prepare for changes, be-

cause we know they are coming and they say that in this building, when it’s in full 

swing, there’s going to be a change in one of these labs every other month because 

that’s the change period for the equipment.” (N20) 

 

Soft spaces 

 

Technically demanding hot hospital spaces where generally considered out of the reach of 

adaptability, by both the literature and the interviewees. A couple of researchers promoted 

the ability to create extra capacity for demanding spaces by surrounding them with soft 

spaces (Pressler 2006 and Datta 2000). This was also speculated by the interviewees, though 

the idea was not considered as black and white. 

 

“The spaces surrounding hot hospital functions could be created with the same struc-

tural solutions and technical reserves, but without the medical equipment installations. 

But you can’t create hot hospital spaces from normally designed spaces without a se-

rious use of resources.” (N11) 

 

Therefore, the extension of hot hospital capacity inside the hospital requires pre-emptive 

extra capacity from the secondary system, which is discussed further in the next section. Soft 

spaces should also preferably be located in the isolation zone, in order to manage the changes 

without disturbing the ongoing hospital operation.  

 

Interstitial floors 
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The interstitial technical floors between primary floors, or above technically demanding 

spaces as presented by Carthey et al. (2011), was only mentioned by one interviewee who 

concluded that it wasted too much net usable area. However, the importance of locating 

demanding space above or below technical spaces, as well as the addition of technical floors 

on top of buildings, were promoted. One interviewee stated that retrofitting one floor solely 

for the purposes of technical machinery floor had been discussed during the design of a 

project, but there was simply no space to spare for it. If there is enough space, locating a 

technical floor in the middle of the building provides shorter installation routes and therefore, 

higher flexibility (Rakennuslehti, 2017).  

 

“In the operating theatre project, we built new technical spaces for electricity and 

other systems in the ventilation machine room on top of the building, which was an 

excellent idea as some other technical spaces already existed in there. […] If possible, 

a ventilation machine room should be built on top of the building with other technical 

spaces included. It is easy to maintain and modify without disturbing the hospital en-

vironment, and usually the existing ventilation machine rooms have space for further 

technical installations, because the machines themselves don’t usually occupy much 

space.” (N10) 

 

Empty chair 

 

The empty chair method, where some spaces of facilities are left vacant in order to have 

space where to move functions from spaces under retrofitting, was presented by Carthey et 

al. (2011). The method was mentioned to an interviewee, who instantaneously wondered 

who could afford to keep spaces vacant, as the lack of net usable space is a common problem 

in hospital retrofits. However, circumstances that imitate the empty chair method may be a 

precondition for retrofitting hospital campuses or large facilities. 

 

“These new spaces were created first, in order to have some space for the retrofitting 

of existing spaces. We don’t have a possibility of temporarily relocating functions to 

other real estates in this town or even in this county. All the functions were to remain 

inside this campus during the retrofitting process, and they would take turns in relo-

cating to available spaces. Some unit may relocate twice, and some may be located in 

its final position straight away. But we always need more space to get this jigsaw puz-

zle up and running.” (N6) 

 

One interviewee had an idea similar to the empty chair method, concerning storage space. 

Excessive addition of storage space, which was argued always useful, should be added in 

the layouts. Though this capacity does not allow for relocation of large healthcare functions, 

it allows for additional capacity with the same principle as empty chair. 

 

“I haven’t had a single project, where there was enough gross usable space. If the 

operation and functions could be located in smaller space, then the leftover space 

should be used for generic storage space, which is always needed. This has never been 

the case yet, because all of our late projects have been so demanding that the operation 

is very difficult to fit in the spaces available. […] Typically, we need one more oper-

ating room, which is built in some available space. This available space is usually a 

storage unit, because it is recognized as the only non-vital space in the floor. This is a 
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catastrophe, because storage space is important. […] Therefore, I partly see adapta-

bility as a surplus capacity of storage space.” (N10) 

 

Site conversion 

 

Options for changing the purpose of the retrofitted facility have been stated as an important 

part of safeguarding the value of the real estate (Carthey et al. 2011). These options were 

also reviewed and enabled in one project, which was also the only project where adaptability 

was clearly defined: 

 

“Our inpatient units can be converted into retirement homes or even accommodations, 

if they are no longer needed. We have three inpatient unit floors on top of each other, 

each of these blocks are independent areas. This is partly modularity, they each aren’t 

a part of a bigger unity, but they can be treated as separate blocks. […] Nobody can 

predict what are the volumes required from special care units in the future. We may 

not even need all of the functions currently in use, and promised by the social and 

healthcare reform as some functions are centralized and so on. […] We have prepa-

ration plans for different functions. If they aren’t needed in the future, child welfare 

services or similar functions can be located in them.” (N26) 

 

Therefore, facilities with uncertain continuity should be reviewed in the light of other poten-

tial future uses. This will greatly reduce the risk regarding greater change, shutting down 

units or even whole hospitals for example, thus contributing to adaptability on a larger scale.  

5.3 General secondary and tertiary systems 

 

Generality in the form of multifunctionality and standardized solutions was promoted as the 

most efficient category of adaptability by both the literature and majority of the interviewees. 

It enables the possibility of space use between different groups or the ability to modify spaces 

though non-destructive procedures. Therefore, it allows a more efficient use of spaces while 

simplifying the design process as there is a lower amount of rooms with specific purposes.  

 

Standardization 

 

Standardization or duplication of different solutions has been defined as an effective solution 

for alleviating the complexity of processes (Carthey et al. 2011 and Ulrich 1993), the main 

problem of hospital retrofits. While it mainly provides adaptability in the design process, it 

also increases the resources left for implementation of further adaptability as well as simpli-

fies the overall project execution. Standardization and duplication has already been utilized 

creating a room card system, where different spaces are described, including the operation 

as well as the technology required. The room level standardization allows the standardization 

and duplication of larger units. 

 

 “One aspect of adaptability is using similar space designs. We have created this 

model room card system, in which are standardized model spaces. […] I was develop-

ing this room card system 10 years ago, and now it has been in use for around five 

years. […] A new folder is created for different procurements and the staff of each unit 

fulfils the cards according to their needs. […] We also utilize the default model cards 

as well as cards created in other projects. […] The default building services are there 
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nevertheless to enable generic use of spaces; electricity, medical gas and equipment 

for example. If the staff’s operation requires something specific, they will add it in the 

card.” (N9) 

 

Utilization of the model room card system thus benefits from benchmarking, as the project-

specific solutions are documented in the database and thus, accessible in future projects. A 

couple of interviewees also described standardization in a larger scale, concerning hospital 

wings or units, which greatly simplifies the design while improving perception of the whole 

picture of facility design.  

 

“Modularity in design is, that you have some standard space, a bathroom package, a 

consulting room, an inpatient room, you always have a certain standard that you can 

duplicate and use in different places. Or if you have a specific area, an inpatient wing 

with nine to twelve rooms for example. Then you have three of these, which can be 

combined into a functional inpatient unit. These can basically be built or not built. The 

same applies with the outpatient clinic, certain sections can either be built or not built, 

if changes were to be made at this point.” (N26) 

 

“The inpatient wards are generic, none of them were designed for any specific hospital 

unit, they are all alike. This was a precondition, we couldn’t have tailored each floor, 

it would’ve been impossible for the technical installations. This worked well, there 

were no greater change demands after completion. The time for creating tailored 

wards for different units is history. […] The first and second floor are for intensive 

care unit. These floors also follow the same layout. […] This was a necessity for the 

design process, we wouldn’t tailor the floors, we would rather copy and duplicate. In 

my opinion this is what adaptability is. We didn’t have to decide who occupies which 

floor in advance. This helped the design tremendously.” (N8) 

 

This approach is extremely important, and the key solution for the problem concerning pro-

ject complexity and value depreciation discussed in the previous chapter. Standardized so-

lutions that are modified to fit project-specific needs greatly simplifies the design process, 

thus leaving extra resources for enabling adaptability and life cycle evaluation in general. 

Standardization should naturally be combined with benchmarking and utilization of experi-

ence, listed in Table 2. 

 

Extra capacity 

 

Versatility and extra capacity for technical installations is the foundation of generality, be-

cause it allows both multifunctional use as well as easy room conversions. These properties 

are extremely important in the core spaces of hospital facilities, where construction work is 

difficult to isolate and execute safely.  

 

Extra capacity for building service systems, such as heating, ventilation, cooling and ICT 

were discussed by Carthey et al. (2011) as an important method for enabling adaptability. 

Majority of the interviewees also promoted generality of spaces through excessive capacity 

as well as versatility in building service systems. This form of adaptability, which aims for 

no specific change but rather alleviates the effort for a wider range of changes, was consid-

ered the best form of future-proofing by both the literature and the interviewees.  
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“All of our consulting rooms were designed similar. They all have water supply, even 

the ones currently in office use. They also have medical electricity, sound insulation 

materials and everything, in case we are going to change their use.” (N25) 

 

“We create big enough distribution installations; therefore, we can increase water 

supply, heating or cooling capacity if required. Vertical distribution of plumbing is 

also important to have in several locations in order to have the options for water con-

sumption. […] We have, for example, created plugged building service system reserves 

to be utilized in the future. They are easy to create during the retrofit, and application 

of different apparel causes less disturbance for the surrounding environment in the 

future. Water supply systems are also provided with manifolds that have extra capacity 

for further division of water supplies.” (N3) 

 

Reservations for certain inputs, such as gas, water or plumbing, were seen as an important 

part of adaptability because they allow addition of equipment with non-destructive work, by 

installing apparel and rearranging furniture for example. Several interviewees stressed the 

importance of electricity and ICT, as its investment costs may be insignificant compared to 

the costs of upgrades while the hospital is operational. One interviewee thought it was eligi-

ble to double the amount of installations in consulting rooms to be able to use certain func-

tions in both sides of a room. While the investment costs were double, it had brought huge 

savings as the locations of staffs, for example, had been changed tens of times not long after 

the facility was in use. These relocations had not required more ICT or electrical capacity, 

because of extra capacity and versatility in different spaces. On the other hand, some spaces 

were not equipped as well due to the customers’ unwillingness to increase the budget: 

 

“We have changed one storage room for operational use, we now do EKG diagnostics 

in it. This change required new electrical installations. The other aspects like floor 

materials and so on were OK, but we had to bring the new electricity with grounding 

and equipotential bonding. The costs for this were shocking. If we had to add this 

grounded UPS (Uninterruptible Power Supply) electricity every time we changed the 

function of some space after the construction phase, we would have paid large sums 

of money on electrical works alone.” (N25) 

 

The significance of versatile as well as universal ICT installations all around the facility were 

stressed in another project as well, because this reduced the complexity of life cycle man-

agement as the same platform is enabled in every space. 

 

“ICT is an important part of adaptability. We are currently talking about smart hos-

pitals, which is why the facility should have a cabling that utilizes modern technology. 

Now, if you should change the purpose of a space, you have the same technological 

platform in every part of the facility. ICT-solutions are adaptable, they are non-fixed. 

[…] The utilization of universal ICT-cabling enables the possibility for changes. ICT 

solutions should not be allowed to lock the purposes of spaces into specific functions.” 

(N26) 

 

Multifunctional and acuity-adaptable rooms 

 

While properties matching the description of acuity-adaptable rooms (Bonuel and Cesario 

2013; Carthey et al. 2011 and Pressler 2006) were talked about, multifunctional use of spaces 
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was a much more common concept among the interviewees. Whereas acuity-adaptable 

rooms provide the whole care process of a patient in the same room, multifunctional use 

provides the ability for versatile user groups to operate in the same rooms.  

 

“We have researched the possibility of using the patient room, that a mother in labour 

arrives in, also as a delivery room and a new-born intensive care unit. This is what we 

aim for.” (N16) 

 

Having rooms for this amount operational diversity results in technically demanding and 

integrated spaces, which are difficult to modify further (Ulrich, 1993). This is probably why 

acuity-adaptable rooms were mentioned only once concerning hospital retrofits, whereas 

multifunctional or general use was commonly linked to the definition of adaptability. How-

ever, acuity-adaptable rooms with high amount of technology should be considered in pro-

jects that have high installation space, mainly new construction that is.  

 

Multifunctionality should be enabled for normal spaces, such as consulting, inpatient and 

operating rooms as well as office spaces, whereas technically demanding spaces are created 

into specific functions that result in integrated solutions (Ulrich, 1993). Diverse technology, 

as well as relocatable healthcare apparel, support multifunctional use of spaces, which also 

provides resilience for the interfaces between different units.  

 

“Medical technology is also evolving in beneficial directions. For example, radiation 

control and such, which require strong protective structures, are currently maintained 

better inside the apparatus. Other positive direction is the advancement of relocatable 

apparel, which reduce the need for tailored special care spaces, because the special 

equipment can be placed in normal spaces.” (N6) 

 

Digitalization was also argued to be a potential solution for decreasing the specificity of the 

purpose of use, as wireless systems can be carried with the staff. This also supports the use 

of shared back offices, thus reducing the need for office space. 

 

“The development of ICT technology brings changes. Currently, for example, there 

are lots of workstations where patient records are written and such. We don’t see the 

need for this kind of operation and these systems should soon be in the pockets of 

nurses and doctors. Separate spaces for working stations are reduced. We of course 

need silent office spaces also, but there is no reason for having large display terminal 

centres. The work should be carried closer to where the patient actually is.” (N8) 

 

An important aspect in multifunctional spaces is the ability to loan capacity from neighbour-

ing units in high-load situations. Use of standardized room layouts has also been argued to 

increase patient safety and efficiency of staff, as the same protocol may be followed regard-

less of the location in the facility. 

 

“There are various ways for future-proofing, one of which, what we are doing, is how 

would you call it… Uniform, identical is a wrong word, but uniform spaces, which 

allow the operation of every special care unit in all the rooms located on the outpatient 

clinic’s corridor. […] The required capacity for different units fluctuates. Some 

changes are of seasonal nature, some unit may for example have a high demand after 

the summer vacations. If the units are wisely located in each other’s vicinity, then 
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patients can be located in the neighbouring units in high-load situations, without in-

creasing traveling distances. […] Patient safety is also increased as spaces are alike. 

Medical equipment and apparel are found from the same locations, which reduces the 

time consumed in normal operation of staff.” (N6) 

 

While the previous quotation addresses hospital retrofitting in general, with high experience, 

the following quotation describes the retrofit project that had a clearly defined adaptability 

categorization and plan: 

 

“Generality or multifunctional use is an important aspect of adaptability. Multifunc-

tional use means that spaces aren’t reserved for any specific purpose, you don’t have 

your personal consulting room till the end of times for example. […] There is fluctua-

tion in demand and required capacity, even during a day, a week or a longer time 

period. Multifunctional spaces allow the expansions of activity over neighbouring 

units that may have a lower demand during the time. This alleviates the problem of 

uncertainty, as nobody can predict what are the volumes required from special care 

units in the future. We may not need all of the functions currently in use, not even the 

ones promised by the social and healthcare reform, as some functions are centralized 

and so on. This is one part of adaptability; not designing the spaces for any single 

use.” (N26) 

 

The previous adaptability strategies, namely extra capacity and multifunctional rooms, are 

relative to another, as multifunctional use requires a more versatile technology to allow use 

between different units. These strategies were the favourite topic and form of adaptability in 

the empirical data analysed. 

 

Room conversions 

 

Easy modification of spaces through minor procedures, such as apparel installations, are part 

of generality. While Pressler (2006) talked about changing the functions of rooms for sea-

sonal changes, more permanent conversions were brought up by the interviewees. These 

procedures are easy to manage concerning patient safety and cause only small disturbance 

to the hospital operation.  

 

“We have tried to create spaces that can be modified with minimal effort. And now 

when you think about our upcoming hospitals, currently in progress, where we are 

going to expand our operation without even properly knowing what the new operation 

is. I made the decision to prepare for different aspects. For example, we have a con-

sulting room that has a small bathroom and a storage space that has water supply, 

plumbing and so on. Now, if need to perform gastroscopies or other procedures, the 

capacity and option exists. If this option is not used, then one consulting room simply 

has a small bathroom. These reserves are very small in the investment phase, but they 

demand excessive resources if they are provided later on.” (N25) 

 

The measures that provide easy room conversions were widely addressed while discussing 

extra capacity and therefore, room conversions could be perceived as a part of extra capacity, 

or even multifunctionality, as the two are closely related. The definition of generality could 
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be simplified as multifunctionality brought on by versatility and capacity in technical instal-

lations, which allows wide use between different units as well as easy room conversions for 

other use purposes. 

 

5.4 The level of adaptability 

 

As stated by several researchers, as well as speculated by many interviewees, the level, qual-

ity and location of adaptability are important and difficult to specify as vague definitions 

obstruct its applicability. Enabling adaptability requires higher investment costs and it con-

sumes the net usable area through technical distribution capacity as well as larger room sizes 

for multifunctional spaces. Because the main objective of adaptability is to sustain higher 

operational efficiency, as well as to prolong the service life between retrofits, it is important 

to optimize its applicability.  

 

“Should there be some zone that includes spaces that are completely modifiable. This 

is when we start thinking what is the optimal solution. What is the appropriate level of 

applied adaptability? 100% becomes too expensive and 0% is impossible to approve, 

but where is the right level? This is what we often spend a lot of time on during the 

design process.” (N22) 

 

Figure 19 presents a simplified ideology behind the quality and location of adaptability by 

zoning, which should be implemented and modified to address the needs of different retrofit 

projects. The amount is project specific but has been encouraged to be as high as the invest-

ment costs allow, because the investment pays itself quickly back. 

 

 
 

Figure 19. Adaptability zones of a hospital facility (inspired by Battisto et al. 2005). 

 

According to the empirical analysis, as well as the literature (Carthey et al. 2011 and Pati et 

al. 2008), generality is the most efficient form of adaptability as it predicts no specific 

changes. Generality allows multifunctional use of spaces, as well as easy and safe room 

conversions that require little or none structural dismantling. Therefore, generality should be 

enabled in the core spaces, where maintaining a safe construction site that causes no disturb-

ance or health hazards for the surrounding operation is difficult. If technically demanding 

spaces are located in the core spaces, these areas are not adaptable as they serve specific 
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needs. These spaces should though be surrounded with soft spaces in the semi general or 

flexible zone to allow additional capacity if required.  

 

While the general opinion of the earlier research, as well as the interviewees, was that 

changes are impossible to predict in this high-velocity environment, it is also important to 

prepare for the unforeseen. This is what flexibility (convertibility) enables, as technical in-

stallations can be added and layouts modified inside the isolated blocks without disturbing 

the surrounding operation. The logistical route is extremely important for isolation of blocks, 

which is why areas with high flexibility should be located adjacent to the façade, preferably 

with large windows. Flexible areas can also be located right below or above mechanical 

rooms, as new technology can be punctured through slabs with the help of carbon fibre or 

steel reinforcements.  

 

Elasticity (expandability) is always case specific and requires the consent of the city planning 

committee as well as spare land or extra load bearing capacity. Vertical extensions were also 

criticized due to the disturbance they cause for the hospital operation. The possibility of 

extensions should be though reviewed in every project. 

 

Enabling adaptability in hospital retrofits not only allows the frequent upgrades caused by 

fast evolvement of medical technology, but also prolonging of the service life before the next 

thorough retrofit (Bjørberg and Verweij, 2009). Operational efficiency can be sustained high 

enough to provide practically functioning spaces with small adaptation procedures for longer 

time periods. A speculation on the potential effects of optimizing adaptability in the life 

cycle of an older hospital facility is illustrated in Figure 20.  

 

 
 

Figure 20. The potential effect of optimizing LCC. 

 

While there are some concerns about the benefits of, or rather the sacrifices made for, adapt-

ability, its application is extremely important in order to improve LCC. The arguments of 

Vähätalo and Kallio (2015) as well as Pinder et al. (2017), which stated that poor definitions 

obstruct value creation and optimization of LCC, received encouraging signs because the 

project that had a clear categorization for adaptability, also had the highest level of adapta-

bility and lifecycle evaluation. Therefore, the different strategies for enabling adaptability 

were combined from both the literature review and the interview analysis under different 
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adaptability categories, illustrated in context with open building system levels (Figure 18). 

These adaptability strategies create independent processes, which have roughly defined in-

terfaces (open building system level) and can thus be potentially utilized in constructing the 

service concept in the next chapter.   

 

6 Modular service concept 
 

The data analysis during this research has been conducted by constantly evaluating the data 

through the pragmatic approach of the CRA illustrated in Figure 1 (p. 10). While several 

interviewees criticized modular product design in other contexts than layout design stand-

ardization due to a lack of installation space, the applicability of service modularity has 

maintained its potential as the projects have proven to be very complex and versatile. This 

chapter will conclude the answer for RQ2 and construct the answer for RQ3 by outlining a 

service concept for hospital retrofits based on modular theories.  

 

RQ2: How can these problems be solved based on modular theories? 

 

RQ3: What would a service concept based on modular theories look like? 

 

The chapter will begin by discussing and justifying the applicability of modular theories in 

hospital retrofits, starting from modular product design. Thereafter, the service concept is 

built with the help of modular service theories by presenting different service components 

in Section 6.1. These standardized components create the foundation of a modular service 

concept, as they can be tailored into project-specific modules according to their require-

ments. Thereafter, a service delivery system for managing the service components is con-

ceptualized in Section 6.2. The chapter will conclude by evaluating the risks and possibilities 

of utilizing as well as further developing the concept.  

 

Modular building service installation, and modular product design in the execution of hos-

pital retrofits in general, were considered difficult to manage in the narrow cores of existing 

hospital facilities.  

 

“The use of prefabricated units inside old hospital facilities is difficult, because noth-

ing fits as there are no logistical routes, floor-to-floor heights are low and the initial 

design data is limited.” (N4) 

 

However, there was a promising example of an externally managed project, where prefabri-

cated modular machinery rooms were lifted on top of an existing building in order to have 

the facility operational as quickly as possible. While modular building service installations 

are too complicated for the design of horizontal distribution, it may have potential in quickly 

executed retrofits through externally placed vertical system modules. Figure 21 illustrates 

an outline of a building service upgrade retrofit in the flexible zone, where adaptation pro-

cedures can be performed without disrupting the surrounding healthcare operation.  
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Figure 21. A quickly executed room conversion with modular building service technology.  

 

First, the old machinery room is removed, while scaffolds for logistics are built on the fa-

çade. Secondly, the old vertical system module is removed and replaced with a prefabricated 

one. Finally, a new prefabricated machinery room module is lifted on top and the in-situ 

installations are made. Execution of this method requires the installation of routing modules, 

described in Chapter 3, which support system module ejection. This would provide a possi-

bility of creating great and unforeseen room conversions quickly, as entirely new building 

service systems can be added and modified inside the hospital while surrounding operation 

is only mildly disturbed. This method is too hypothetical to construct a service concept on, 

but it should be reviewed and utilized in the concept if determined viable.  

 

While valid methods for utilizing modular product design could not be constructed during 

the research, service modularity theories maintained their initial potential. Poor communi-

cation and asymmetry of information have been confirmed as existing problems inside the 

versatile project organizations, resulting in waste of resources and value depreciation 

(Vähätalo and Kallio, 2015). This has been found to highly influence the implementation of 

adaptability, which is a significant factor in the LCC of hospital facilities. The interview 

analysis also brought up problems concerning misinterpretations and difficulties in enabling 

new value-providing approaches in the projects. Therefore, it is important for the provider 

to offer services that answer to the customers’ needs, also the ones that are unrecognized by 

them (Ulkuniemi and Pekkarinen, 2008). Because a high versatility in service requirements 

between different projects is also a key characteristic of hospital retrofits, the implementa-

tion of service modularity shows great potential in increasing their productivity. Therefore, 

the theory behind service modularity should be further discussed in order to validly construct 

the service concept. 

 

The complex and project-specific needs of the customers cannot be addressed with standard 

solutions, which is why the services should always be customized, which often reduces the 

productivity of service provision. Service modularity composes of three different levels: the 

first and highest level is the modular service, which is offered to the customer. This modular 

service is customized from different service modules, the second level of service modularity. 

A service module, the middle level, is understood as a single service characteristic, which 

can be loosely treated from other service modules. A service component, the third level, is 

the smallest unit in which a modular service can be divided in. Service modules can consist 
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of one or several standardized service components, which are the basic processes or activities 

that the modular service composes of. (Ulkuniemi and Pekkarinen, 2008). 

 

The modular service provider should specialise in core processes of creating high customer 

value and managing the service coordination, while the standard processes of service com-

ponents should be handled through subcontracts and alliances. This results in modular or-

ganization structure, which is one of the three dimensions of service modularity with modu-

lar services as well as processes. It has been argued that these three dimensions, organiza-

tional, service and process modularity, combined with customer interfaces, create the basis 

of constructing a modular platform to organize and manage modular services on. Customer 

interfaces that help in co-creation of value are in an important position because service mod-

ularity also provides visibility for the service offerings. This is important in the negotiation 

phase, as the customer is determining the provider that can produce the highest value. (Ulku-

niemi and Pekkarinen, 2008).  

 

To summarize the findings of de Blok el al. (2010), service modularity reduces costs, allows 

customization while increasing standardization, improves project flexibility, development of 

services as well as simplifies complex systems. Therefore, constructing project-specific ser-

vice packages, or modular services, from clearly defined and standardized service compo-

nents can address information asymmetry and misinterpretations in addition to the main 

problem of complexity. The first section of the chapter will provide different components 

that can be used in assembling tailored service modules and finally, the modular service, 

which can answer the project-specific needs of different hospital retrofits.  

 

6.1 Service modules and interfaces 

 

Ulkuniemi and Pekkarinen (2008) conceptualized a model for constructing a service plat-

form with four steps; 1) identify target market segments, 2) develop a service concept to 

address the target market’s needs, 3) create strategies to support the service concept and 4) 

design a service delivery system to support the operation strategy. The target markets, their 

needs as well as strategies for answering these needs, have been addressed during the re-

search. Public facilities currently answer for the largest market segment, but it is likely that 

the number of private actors will further increase. The target market’s greatest need is opti-

mization of LCC, which can be successfully implemented with professional project manage-

ment and utilization of adaptability. Now the service concept that includes a service delivery 

system needs to be developed. This development should be started by further constructing 

the service components from the different design and adaptability strategies provided in 

Chapters 4 and 5. After these components are defined, construction of the service platform 

(RQ 3) can be concluded. 

 

Before creating the components, it is important to present the chosen modular service struc-

ture as well as the interfaces within. Interfaces are an important and difficult part of service 

modularity. The bus structure fits retrofit projects with long timelines that include numerous 

non-routine services (Eissens-Van der Laan et al. 2017). Different service modules (one or 

more service components) attached to the project timeline and product service life (bus struc-

ture), have closed-customer (C-C) interfaces (de Blok et al. 2014) that flow in predictable 

and logical pattern with the timeline of the project. This improves visualization, perception 

as well as coordination of the services available and performed.  
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Figure 22. Service modules. 

 

Figure 22 depicts how service modules which are assembled from service components (sec-

tional, O-C interfaces), are attached to the bus structure (project timeline and product service 

life) with C-C interfaces, thus creating the project-specific modular service. While the ser-

vice modules attached to the project timeline have C-C interfaces, they can also include 

several interrelated service components that follow the sectional structure with open-cus-

tomer (O-C) interfaces. O-C interfaces fit the non-routine services well, as they have uncou-

pled interfaces and can thus be customized to fit the project-specific needs in this versatile 

area of business. Service modules can also be provided for small scale retrofits inde-

pendently, following the sectional structure.  

 

To further elaborate, the service modules have a C-C interface with the project; a specific 

phase on the timeline as well as a location in the facility design. For example, different com-

ponents for enabling adaptability have interfaces in the open building systems, which are 

designed and constructed in different phases of the project. Therefore, elastic strategy com-

ponents have interfaces on the primary system, and flexible as well as general strategy com-

ponents mainly in the secondary system. The interfaces of each service component should 

be carefully determined, in order to improve the efficiency of service provision. These inter-

faces should be built and continuously updated as new projects are executed. Table 3 pre-

sents different service modules and components that can be included in them.  

 

Table 3. Service modules and components. 

 

Service 

module 

Compo-

nents 

Aim Execution method 

Project 
manage-
ment 

Re-use previ-

ous experience 

and solutions 

 

 

Reduce project complexity and 

improve value creation. May 

remove the need for model 

spaces if old solutions can be 

reapplied. 

Review project goals and compare 

them with previous projects, their 

challenges and well-tried solutions. 
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 Big room Improve collaboration, commu-

nication and coordination. 

Weekly meetings with representa-

tives from each stakeholder group. 

 Accurate 

scheduling 

Predicting interrelated tasks 

and making contractors aware 

of their required input, concern-

ing time as well as resources, in 

order to reduce work flow er-

rors. 

A general, month-scaled schedule 

for the whole project should be cre-

ated and updated continuously. Spe-

cific schedules for the following 

weeks should be generated weekly. 

These schedules should be created 

in collaboration with contractors for 

each different contract, then collabo-

ratively inspected in the big room 

meetings. 

Layout 
design 

Flow analysis Improve operational efficiency 

by removing unnecessary space 

use from layout design. 

Analysis of required operation and 

different logistical flows within. Lo-

gistical distances, bottlenecks and 

appropriateness of capacity for dif-

ferent functions are key elements. 

 Standardisa-

tion and dupli-

cation 

Reduces complexity and design 

work required.  

Benchmarking earlier solutions that 

have proven their value. Different 

layout designs can be modified to fit 

the primary system of the facility 

under design. 

 3-D modelling 

and model 

spaces, CAVE 

Prevent problems in the execu-

tion phase.  

Specific design models for the sec-

ondary system are required in order 

to install them without errors. Model 

spaces for common room designs 

should also be performed to reduce 

duplicated mistakes that are difficult 

to see through simulations. 

Present 
state anal-
ysis 

User require-

ment analysis 

 

Improve LCC by finding the 

most efficient and sustainable 

solutions that not only serve 

contemporary needs, but ac-

count for future predictions. 

Benchmarking and market analysis, 

late directions in advancement of the 

industry as well as new healthcare 

technology and processes. 

 Outsourcing of 

functions 

Effective outsourcing of tasks 

may reduce the need of space 

while allowing staff to concen-

trate in their core tasks. 

Analysis of different functions re-

quired by the operation and spaces 

involved.  

Adaptabil-
ity optimi-
zation 

Adaptability 

characteriza-

tion 

Improves communication and 

utilization of adaptability, thus 

creating sustainable spaces. 

Clearly defined categories of adapta-

bility connected with open building 

systems should be presented. These 

definitions should be introduced for 

the whole project organization as 

one of the core strategies. 

 Adaptability 

level analysis 

Determine the required level of 

different adaptability strategies. 

Evaluation of current as well as fu-

ture needs of the facility in order to 

determine the probability of space 

continuity of different functions. 

Uncertain spaces require adaptable 

measures, whereas stable functions 
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may require the option for extra ca-

pacity. 

 Elasticity 

through exten-

sions or con-

tractions 

The option for extensions or 

contractions in case extra space 

is required/space is no longer 

needed. 

Evaluation of the possibility of hav-

ing future extensions or contrac-

tions; vertical space, load bearing 

capacity, city planning committee. 

In case elasticity is plausible and po-

tentially required, extra capacity 

should be created while retrofitting 

(pre-construct foundations, add load 

bearing capacity). 

 Flexibility for 

spaces suscep-

tible to change  

The ability to isolate unstable 

spaces from surrounding opera-

tion in order to perform unpre-

dictable changes with minimum 

disturbance and costs. 

Design spaces that can be isolated 

for future modifications; building 

service systems, logistics and fire 

safety. 

 Generality for 

fixed spaces 

Multifunctional and flexible 

use between different 

healthcare functions, the ability 

to manage changes through 

non-destructive procedures (ex-

tra capacity for building ser-

vices). 

Design extra capacity and versatility 

for building service systems in order 

to allow a wider use of spaces. 

Availability of relocatable 

healthcare technology should be re-

viewed in order to reduce the need 

for integrated installations. 

Mainte-
nance 

Earlier experi-

ence and docu-

mentation 

Design and enable easier 

maintenance with specific de-

sign data. 

Gather all design and execution data 

in a well-organized platform to uti-

lize in future maintenance and retro-

fits. 

 Pre-designed 

procedures 

Pre-design maintenance and ad-

aptation procedures to alleviate 

the resources used in their im-

plementation. 

Capacity for elasticity, flexibility 

measures for uncertain changes, ser-

vice areas for building service sys-

tems as well as the locations where 

to access them from. 

 Disposition 

principles 
Reduce the disturbance and 

costs of maintenance. 

Building service systems, such as 

ICT, should be centralized in low 

risk spaces, such as storage rooms, 

lobbies and stairwells, in order to 

access them without causing health 

hazards and disruptions in hospital 

operation. 

 
 

Table 3 shows different service components that can be used in creating the project specific 

service modules and modular services. While these components are located under predefined 

service modules, they can be treated independently, thus customizing new or different mod-

ules. The list of different components should be further constructed continuously as new 

value providing methods are discovered in each project performed. The next section will 

address the composition of modular services by discussing a delivery system for constructing 

a project-specific modular service. 
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6.2 Service delivery system and the concept 

 

Because the scopes and requirements of different hospital retrofits projects are very versatile 

as argued by Healy and McKee (2002), as well as determined in the interview analysis, the 

service component composition should always be tailored by the service provider as cus-

tomers may not really understand how their product value could be increased. Customization 

of a project-specific modular service, as well as determination of its interfaces, should be 

carefully conducted because hospital retrofit projects are usually low volume procurements 

with high economic value. 

 

A modular service for any retrofit project should be assembled with a standardized delivery 

process, which determines the service composition by evaluating different requirements and 

preconditions. Development of a delivery process that supports the modular service strategy 

is the final step of creating the service platform and thus, the modular service concept (Ulku-

niemi and Pekkarinen (2008).  

 

The project-specific modular service should be composed by a standardized process, which 

can be improved with the same ideology as standardized service components. Figure 22 pro-

vides an example of a service delivery process that determines the service components in-

cluded in an adaptability optimization-module. The analysis begins with different evaluation 

criteria that limit the possibilities of service components applied. 

 
Figure 23. An example of adaptability optimization-module composition. 
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This process should be standardized and improved in order to generate the modular service 

offering for any hospital retrofit project. The service provider should utilize its existing 

service delivery processes while creating the delivery system. In the utilization phase, while 

there is a small amount of components, the modular service can be a standard offering 

including most of the described modules and components. Therefore, the delivery system 

brings in higher value when the modular service system includes more components.  

 

If several components appointed by the delivery system are located in the same C-C interface 

(secondary system for example), their interdependency should be evaluated.  If the example 

of Figure 23 led to the conclusion that the retrofitted spaces would include functions that 

will potentially require more capacity, as well as functions with uncertain future continuity, 

then the uncertain spaces should be located adjacent to the spaces requiring further capacity 

(soft spaces) if possible. Therefore, these two components can also have an interrelated 

interface. This service delivery process for constructing the project-specific service modules 

should be continuously developed by creating new evaluation criteria as well as new 

preconditions for filtering the applicable service components.   

 

Service modularity theory enables standardized processes that allow continuous develop-

ment and productive use of resources through repetitiveness. Utilization of modularity can 

be slow and less efficient than the traditional, integrated methods, but as time passes, the 

modular solution overcomes the rigid solutions through continuous improvement (Ulrich, 

1993). While Ulrich (1993) addressed modularity in context with products, the same princi-

ples apply with services. Standardization of service components improves their execution by 

removing unnecessary muda and the need for reinventing same solutions over again. A mod-

ular composition also allows easier coordination and perception of different tasks, thus 

greatly contributing to the problem concerning project complexity. Therefore, a modular 

service composition should not be considered as a method for improving the efficiency of 

the service provider, but rather a method for creating mutual value with the customer. 

 

Continuous service offerings are an important part of the service concept, as they create 

continuous business relations with the customer. If the service provider executes the future-

proofing methods that enable change procedures, it should also be the one to perform the 

detailed design and project management of the procedures in the future. It should also be 

noted that the retrofitted facilities have a limited service life even with optimized future-

proofing, which is why a new thorough retrofit is required in the future. Therefore, high 

customer value and satisfaction should be the main focuses of the concept, in order to create 

repetitive business relations.  

 

This chapter presented an outline of a modular service concept for hospital retrofits, which 

aims to guide the utilization of service modularity and improve further development to create 

the optimal model. Significance of the delivery system increases as the number of compo-

nents and modules arises. The service provider should utilize its existing service delivery 

processes to develop the delivery system as the number of components increases. It was 

concluded that even though the development and utilization of this modular approach may 

be laborious, it will continuously improve itself by repetition and filtering of unnecessary 

muda, thus resulting in an effective and innovative business model.   
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7 Discussion 
 

This section discusses the applicability and limitations of the constructed results. The chapter 

concludes by highlighting the theoretical contribution of the research in Section 7.2. Discus-

sion between the researched literature and the empirical findings were made earlier, through-

out Chapters 5 and 6. 

 

7.1 Reliability and applicability 

 

This section addresses the validity of the findings as well as their applicability. First, the 

validation of the results is provided by evaluating the research with the help of validation 

methods described by Creswell (2013b). After this, an assessment on the applicability of the 

findings is conducted, in order to clarify the scope of potential utilization of the different 

strategies and approaches developed in the thesis.  

 

Reliability 

 

Creswell (2013b) recommended applying at least two of the eight validation methods he 

formulated in any qualitative study. This study has employed five, namely; member check-

ing, external audits, peer review or briefing, a rich and thick description of the qualitative 

data, as well as prolonged engagement and persistent observation in the field under research. 

Two more methods will be addressed here; triangulation and clarification of researcher bias. 

As the last method, negative case analysis, was implemented during the data analysis, no 

solid justifications for it can be presented, and is thus neglected.  

 

Methods that continuously evaluate the research, such as member checking, external audits, 

peer review or briefing, were all enabled in some extent through continuous group meetings 

and workshops. Several of these strategies were implied as a by-product of collaboration 

with the supervisor and advisors, other researchers at the Department of Civil Engineering, 

as well as workshops with the HeMoHes organization, comprising of highly ranked and ex-

perienced actors from the hospital construction industry. The research will also be presented 

at the European Real Estate Society's (ERES) annual conference, in Delft, Holland, which 

will further corroborate the findings. 

 

The most important aspect of reliability in qualitative research is the data analysis and 

presentation process, as argued by Creswell (2013b). Considering the high amount of qual-

itative data used in constructing the solutions of this study, the data collection and analysis 

processes were described in detail (Chapter 2). This enabled the most important reliability 

validation method of Creswell (2013b); a rich, thick description of the qualitative data col-

lection and analysis processes. This allows the reader to independently evaluate the transfer-

ability of the data for different research settings. The empirical data collection and analysis 

build on the theoretical framework constructed in the literature review.  To further improve 

the validity of the findings, as many quotations as possible were provided because they im-

prove reliability by denying biased jargon of the researcher himself.  

 

The interview coding and analysis was the most time-consuming process of this research, 

because the data was continuously re-evaluated, and surprising or controversial statements 
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were confirmed by seeking supporting comments from other interviewees or earlier research. 

Reading and inductively iterating the transcripts several times while creating summaries, and 

summaries of summaries, turning broader coding categories into more detailed categories, 

and so forth, also enabled another validating method described by Creswell (2013b); pro-

longed engagement and persistent observation in the field under research. The versatile ex-

periences and opinions of different actors around the field became very familiar during this 

process. 

 

Triangulation refers to the use of multiple and different sources, methods, investigators and 

theories for providing validated evidence (Creswell, 2013b). The justifications behind data 

sources were given in Chapter 2, where the different methods were also described. The high 

amount of collaboration was also pointed out, which is a key element in corroborating the 

findings of this research. Theoretical connections between the interview analysis and earlier 

research were actively conducted during this research while creating the theoretical frame-

work for interview analysis as well as interrelating these parts during this chapter. Most of 

the statements given by interviewees were clearly linked to earlier research.  

 

It is also important to clarify researcher bias for the reader in order to achieve reliability 

(Creswell, 2013b). The unbiased approaches were already introduced in Chapter 2, but fur-

ther elaboration is now in place after conducting the research. There has been a strong focus 

on rapid change and poor sustainability of hospital operation from the beginning of this re-

search. This focus has though been justified by earlier research and interviewees as well, but 

statements that supported this angle were often coded. On the other hand, the interview data 

was so vast that certain areas required a more adamant focus. Though bias towards inter-

viewees was consciously avoided, statements of the interviewees that were personally inter-

viewed, may have been respected more than those of others. Overall, there were no extensive 

biases during the research, as the researcher has currently no intentions of creating a career 

on the field of hospital construction, nor the need for promoting any personal agendas. 

 

Applicability 

 

While the applicability of the provided strategies and approaches is designed for the scope 

specified in Chapter 1, it also has wider possibilities of utilization. The properties that are 

solely characteristic for Finnish or Nordic hospitals, are structural solutions, climate and 

thus, some deterioration mechanisms. While these properties were described in detail, their 

affect was simplified as a contribution to project scopes and complexity. The complexity of 

hospital retrofit projects, and hospital construction in general, is an existing feature regard-

less of the geographical location and project organization. Therefore, the design strategies 

for alleviating project complexity (Table 2) can be utilized all around the world to improve 

project management and operational efficiency of the provided spaces. 

 

Rapid change and uncertain environment are also international characteristics of hospital 

facilities, which is why a lot of research during the past decades has been conducted in man-

aging them. Therefore, the strategies for implementation of adaptability have a wide area of 

applicability. While they were researched in the context of older facilities with narrow ex-

isting structures, their ideology applies to new hospital construction also, and is even easier 

to apply there. More good strategies that were excluded from the study due to the limitations 

of old hospital characteristics, but fit for new construction, can be found from the research 

of Carthey et al. (2011). 
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While solutions related to modular product design were determined difficult, service modu-

larity was found as an effective tool in addressing the main problems of hospital projects; 

poor communication, misinterpretations and difficult coordination due to complexity. These 

properties are characteristic for any larger construction project, or projects and processes in 

other fields, that include vast organizations with personnel from different backgrounds, as 

well as interrelated functions or interdependencies between strategies and goals. Service 

modularity not only improves the processes of the service provider through standardization, 

but also enhances customer value and satisfaction by creating tailored solutions with clearly 

outlined benefits. Though the utilization of service modularity was determined laborious, its 

successful implementation has potential in reducing unproductive labour (waste) from me-

chanics of processes, and thus, becoming the core strategy of all the services conducted by 

a company. 

 

This section provided wide justifications for research reliability. The methods of Creswell 

(2013b) were applied by justifying seven of the eight methods provided. The data analysis 

process was stressed as the most important source of research reliability, due to its stressed 

role in the study. Thereafter, the applicability of the researched strategies and approaches 

were addressed. While the findings were designed around the research scope, presented in 

Chapter 1, it was speculated that most of the approaches are also applicable in different fields 

and locations. 

 

7.2 Theoretical and practical contributions 

 

This section will address the theoretical contribution this study has delivered to the field. 

The section is constructed around the article of Crane et al. (2016) in order to validly address 

the contribution. Crane et al. (2016) pointed that insufficient evidence of a theoretical con-

tribution was a common reason for article rejection in the journal of Business & Society. 

Therefore, the theoretical contribution is addressed widely. While the field in question has 

been limited to concern hospital retrofits, the applicability of the discussed strategies and 

approaches potentially also reaches other fields, 

 

While the problematics of hospital retrofits (Chapter 4) were addressed purely qualitatively, 

they included knowledge that can be considered general in the field and therefore, connec-

tions to earlier research are not as important. Another reason for excluding earlier research 

is the fact that the same information could not be found from reliable sources due to its 

practical and general nature. Earlier research that supports the analysis in Chapter 4 can be 

found from Kurkela et al. (2011), PwC (2012), Tolkki et al. (2013) and Reijula (2005), for 

example. This non-scientifically documented information is collected, refreshed and pre-

sented in a concise manner in this research, which is a good starting point for any further 

research concerning the development of hospital renovation or construction in general.  

 

However, the key results were important to validate by connecting them with earlier re-

search, thus constructing them inductively. Several connections were made, as was actively 

shown in Chapters 5 and 6. While some new theory regarding service modularity and mod-

ular installation methods were presented, the research mainly collected and presented exist-

ing silent information in a concise manner from the experiences of the 28 interviews ana-

lysed. This vast experience from numerous project examples was extrapolated in order to 
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construct generalizable results, rather than one case-specific empirical solution, which is an 

important part of generating theoretical contribution as well as a service concept. The gen-

eralizability of the findings is an important aspect, as they are more widely applicable, thus 

improving further development and theoretical contribution. This is what the constructed 

service concept aims for; customized solutions that are assembled from standardized com-

ponents. (Crane et al. 2016).  

 

The meaningfulness of theoretical contribution can be simplified in the question; why is this 

relevant? While theoretical contribution is often connected to academic contribution, practi-

cal utility and relevance are just as important (Crane et al. 2016). Therefore, it was important 

to conduct the research in a comprehensible manner by presenting rigorous descriptions of 

different subjects, utilizing figures and summarizing chapters, thus improving reader-friend-

liness. The pragmatic philosophy of the CRA was carried on throughout the research, as was 

justified in Chapter 2. The empirical results confirmed poor sustainability, found from the 

literature, as the main problem of value depreciation due the rapidly changing environment. 

The empirical data also added to the existing body of knowledge by bringing the latest ex-

periences in this rapidly changing environment. While unproductive strategies were filtered, 

new valuable ones were also discovered. The properties for creating isolated spaces that can 

be retrofitted without disrupting large areas is one of these methods, which could not be 

found from the literature. Several other practical and extremely important aspects, such as 

lack of net usable area and installation space, were also absent in the earlier research. Latest 

methods, not found from the literature, were also described, concerning functional design 

and flow analysis for example. 

 

A critical element of building theoretical contribution is to provide a method that helps the 

readers to better understand the phenomena and solutions (Crane et al. 2016). Therefore, the 

definition of adaptability was carefully outlined, as several researchers addressed that its 

vague definition obstructs its application. The interview analysis confirmed this statement, 

as opinions around adaptability were very versatile. Also, the only project example described 

by the 28 interviewees that included a clearly outlined definition of the concept, similar to 

the one constructed in this study, had the highest level of future-proofing. Adaptability was 

clearly defined in this study, basing on several earlier research articles as well as interviewee 

statements. This definition, divided into the three categories, is improved and updated from 

the earlier ones by implementing the perspectives and opinions of the different actors in the 

field. Therefore, the definition is of higher practical value, because it is built around the 

opinions of industrial actors, rather than those of researchers. Adaptability, and hospital ret-

rofit projects in general, should also be addressed in context with the open building method, 

which was already presented by Carthey et al. (2011). This categorization was further devel-

oped and updated during the study.  

 

Originality, or in other words, new insight on the subject, is another aspect associated with 

theoretical contribution. Provision of even ambitious approaches, which have strong theo-

retical background, is important if they inspire new conversations in the field (Crane et al. 

2016). Therefore, strategies and ideas that may not be completely rational or functional, were 

also presented. The execution of fast retrofits through prefabricated machinery room mod-

ules, as well as vertical building service system modules, is an example of a new and opti-

mistic method. The same applies for the service concept, as the presented approach designed 

for service modularity was rather brief. It is the first of a kind in this context, as Ulkuniemi 

and Pekkarinen (2008) investigated its implementation in logistical services and de Blok et 
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al. (2014) in elderly care for example. While the approach is original and new, it is strongly 

based on peer-reviewed scientific articles, of which the most promising aspects were uti-

lized. This approach, as well as the strategies constructed in the study, enable easier com-

mercialization and utilization of the said methods in this context.  

 

While the study created little new theories or approaches, it greatly contributed by collecting 

the silent information in the field and connecting it with the earlier research, thus updating 

different approaches and knowledge in this rapidly changing environment. Because the main 

aim of the study was to create a service concept, the vast qualitative data was used to provide 

an extrapolated image on hospital retrofit projects, which enabled the construction of gener-

alizable results. Therefore, the data provided can be widely used and further developed on. 

The approach of future-proofing was determined as an important tool for providing high 

value retrofits, which is why its definition was clarified in a comprehensible manner. This 

definition, constructed by combining earlier research and empirical data, should be generally 

implemented in the industry to improve value creation. While the answer for the final re-

search question was brief and conceptual, it provided a fresh foundation for new discussion 

and further development by implementing the most promising theories found from earlier 

research in this context for the first time.  

 

8 Conclusions 
 

The practical, constructive research approach was applied in assessing the background and 

problems of hospital retrofitting in Finland by analysing earlier research, as well as qualita-

tive interview data, thus answering the first research question. The main problems found can 

be simplified as: 1) complex projects, which consume resources unproductively, resulting in 

value depreciation, and; 2) difficult sustainability of operational efficiency due to unpredict-

ability and rapid change in the healthcare environment. Strategies for alleviating these main 

problems were then conducted, thus constructing the foundation for answering the second 

and third research questions.  

 

Project alliances can provide important tools for addressing the first main problem, as it 

utilizes several of the design strategies listed in table 2. However, implementing high col-

laboration does not alone address the problem sufficiently, but more efficient measures are 

in place. Therefore, the results of this research should be combined with this project man-

agement model in order to utilize its full potential.  

 

Whereas the design strategies mainly addressed the complexity of retrofit projects, the adapt-

ability strategies were determined as the best value provider due to their high impact on 

facility LCC. While it is important to create a functional design that supports the hospital 

operation as well as possible, it is even more important to create spaces that can adapt to 

changes. This will allow greater periods between retrofits as well as the ability to sustain 

higher operational efficiencies with less disturbance, thus providing the highest possible 

value for the customer. 

 

Vague definitions and misinterpretations were found to obstruct value creation in hospital 

retrofit projects. A common and articulate communication is required because the project 

organizations include personnel from versatile backgrounds. Therefore, simply presenting 

the strategies that can be applied in retrofits is not sufficient. The study concentrated on 
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constructing clear definitions for different strategies, especially for the most important fea-

ture in hospital retrofits and construction in general; adaptability. A clear definition of adapt-

ability improves value creation inside the project (first main problem), thus resulting in so-

lutions that tremendously improve the operational sustainability of facilities (second main 

problem).  

 

While application of modular product design in old hospitals was determined difficult due 

to scarce installation space, its implementation, especially the maximization of factory pre-

fabrication, should be continuously kept in mind while designing hospital retrofits. This can 

reduce project complexity and thus result in faster executions of retrofits, and more im-

portantly, new hospital construction. 

 

In addition to creating clarified and practical definitions for the key aspects, the first main 

problem concerning project complexity can also be alleviated through service modularity. It 

can effectively address the problem of project-specific and versatile scopes in different ret-

rofit projects. Standardized service components, composing of different strategies and ap-

proaches conducted during the research, can be constructed productively into customized 

modular services. This approach highlights the applicability and benefits of different strate-

gies while also improving communication as well as coordination inside the project. Provid-

ing the services from standardized components also allows continuous development, which 

will result in optimal processes where all unproductive functions are filtered and routineness 

is increased.  

 

8.1 Further research 

 

Because the data collected and analysed in this research was vast and versatile, there are 

several suggestions for further research that could not be addressed here. Altogether tree 

potential areas for further research were recognized. Each paragraph of this section addresses 

a topic that could provide valuable methods for improving hospital retrofits and construction 

in general.  

 

A method for analysing the probability level of change for different spaces in hospitals 

would be very beneficial in order to determine the amount of adaptability required. Spaces 

with certain continuity may require the option for extra capacity conversions nearby, 

whereas the space itself can be tailored for the specific purpose it serves. Spaces with uncer-

tain continuity should be created as adaptable as possible in order to easily modify their 

functional purpose in the future. 

 

Benchmarking, standardization and duplication of strategies as well as processes is a poten-

tial solution for the described problem, as it simplifies the design process, thus reducing the 

time required. Standardization should also be further developed with case studies from hos-

pital retrofit, as well as new construction projects to match unit and floor layout levels. The 

distribution parameters for technical installations could also be implemented in the standard 

model layouts, including the minimum distances of spaces from vertical distribution for ex-

ample. Solutions for simplifying the project and enabling adaptability inside the design pro-

cess should be further researched, as it would result in higher end value through productive 

use of resources. 
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The costs of hospital operation were stressed as high compared to investment and mainte-

nance costs in both the literature and the interviews. The LCC structure should be further 

analysed in contemporary circumstances. This would highlight the benefits of performing 

faster retrofits, which supports prefabrication and product modularization. The indirect costs 

of evacuating hospital spaces should also be discussed, as an interviewee mentioned that 

they are normally not specified. Patient queue and staff transfers can for example consume 

a great amount of resources. 
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Appendix 1. List of interviewees
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Appendix 1. List of interviewees 
 

Interviewee ID Organization type Role in organization 

   

N1 Engineering design Project manager 

N2 Engineering design Project manager 

N3 Engineering design Project manager 

N4 Engineering design Project manager 

N5 Engineering design Project manager 

N6 

 

Real estate company CEO 

N7 Engineering design Head of unit 

N8 Hospital district Property manager 

N9 Hospital district Design manager 

N10 Hospital district Project manager 

N11 Hospital district Project manager 

N12 University hospital Hospital engineer 

N13 Building services contractor Regional manager 

N14 General contractor Project manager 

N15 University hospital Project engineer 

N16 Architectural firm Architect 

N17 Hospital district Real estate manager 

N18 General contractor (Sweden) Project manager 

N19 Architecture firm (Sweden) Design Coordinator 

N20 Hospital district (Sweden) Project manager 

N21 General contractor (Sweden) Design manager 

N22 City of Helsinki Architect 

N23 Architectural firm Architect 

N24 Hospital district Project director 

N25 Private hospital Head of unit 

N26 Municipal joint authority Project Manager 

N27 Architectural firm Design coordinator 

N28 City of Helsinki Architect 

 


