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Abstract. Real estate- and property owners’ rationales behind the adoption of Life Cycle Costing (LCC) respectively how
LCC is actually used in renovation projects, is investigated through empirical data from a questionnaire survey sent to
managers in Swedish real estate organisations. The study shows a positive attitude towards LCC. It is perceived to as a flex-
ible and multi-functional tool with a familiar monetary format. Nevertheless, the study also reveals simplistic and undevel-
oped views of how to use LCC. While much research has focused on developing sophisticated LCC tools, the findings indi-
cate that practitioners’ interest in these refinements seems limited. The importance of understanding that LCC is used in a
context of multiple and partly competing institutional logics of renovation is emphasised. The paper contributes to a more
informed research in development of LCC tools as well as better informed LCC use among real estate and property owners.

Keywords: Life cycle costing (LCC), project management, property management, renovation, real estate, questionnaire,

Sweden.

Introduction

The increasing need for the construction and real estate
industry to take greater strategic and long-term respon-
sibility by improving the environmental performance of
buildings is accompanied with an increasing body of re-
search on economic evaluation for sustainable building,
principally related to Life Cycle Cost (LCC) (cf. Goh &
Sun, 2016; Caccavelli, Krigsvol, Thamling, & Jaarto, 2005).
LCC has been suggested as helpful as a way of thinking in
strategic management (Schaltegger, Miiller, & Hindrich-
sen, 1996). Thus, LCC is useful for including long-term
consequences from decisions, which in turn involves hav-
ing a strategic view on the product, in the case of this pa-
per a property. While LCC has existed for more than four
decades and despite well-documented benefits of LCC as a
means for including long-term economic consequences in
building investment decisions, recent research claims that
the adoption of LCC within industry is slow (Higham,
Fortune, & James, 2015; D’Incognito, Costantino, & Gio-
vanni, 2015). Various barriers have been identified, such

as lack of data (Oduyemi, 2015), lack of tool awareness
(Olsson, Malmqyvist, & Glaumann, 2015), short-term ho-
rizons on building investments (Higham et al., 2015) and
lack of knowledge on sustainability issues among practi-
tioners (Hakkinen & Belloni, 2011; Olsson et al., 2015).
One way forward suggested by Hékkinen and Belloni
(2011) is to improve the understanding about procedural
difficulties, who the involved actors are and their practical
use of these tools.

Even though practitioners are the intended users of
the developed tools and methods, their views and de-
scriptions of the practice of LCC are remarkably absent in
the research literature (Korpi & Ala-Risku, 2008). Thus,
the actual adoption and use of LCC seem to be taken for
granted as a consequence following the development of
models and tools. The question arises whether or not the
adoption of LCC really is as slow as claimed, or if there
is a discrepancy between the way researchers idealisti-
cally picture how LCC should be used and practitioners’
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ways of using LCC in practice. In a recent study about
construction clients it was in fact found that the vast
majority used LCC within their organization (Gluch &
Gustafsson, 2015), which agrees with the interview ob-
servations made by Olsson et al. (2015). However, Olsson
et al. (2015) found a large variation in the way LCC was
used. Taken together, this points to a disparity between
researchers’ and practitioners” perception about the level
and type of use of LCC in construction and real estate,
necessitating the investigation about the practice of LCC,
including practitioners’ rationales for LCC adoption and
a mapping of their uses for it in practice. Such improved
understanding would contribute to a more informed re-
search for LCC tool development as well as a more in-
formed LCC use by practitioners in real estate companies.

Renovation is an area for which LCC are particular-
ly applicable. Sustainable renovation is seen as a key for
meeting goals related to, for example, decarbonization
(Mjérnell, Boss, Lindahl, & Molnar, 2014) and reduced
total energy consumption of buildings (Astmarsson, Jen-
sen, & Maslesa, 2013). Renovation is currently also a ma-
jor challenge for Swedish real estate and property owners
since there is great need to transform an aging, energy-
inefficient and unsustainable building stock in an eco-
nomically feasible way (Thuvander, Femenias, Mjornell,
& Meiling, 2012; Palm & Reindl, 2016). There is therefore
an increased need for life cycle perspectives during reno-
vation processes (Olsson, Malmqvist, & Glaumann, 2016).

The potential for control over life cycle costs is claimed
to be greatest in early stages of the design process (Higham
et al., 2015; Olsson et al., 2016), which is why real estate-
and property owners in their role as construction clients
are an important target group for LCC use (Opoku &
Ahmed, 2014). The client is repeatedly put forward as the
key actor and driver for the establishment of an active sus-
tainability practice (Hakkinen & Belloni, 2011; Higham
et al., 2015; D’Incognito et al., 2015).

The aim of this paper is to improve understanding
about real estate- and property owner’s attitudes regard-
ing long-term thinking and how they use LCC in practice.
More specifically, the objective is to survey how they as
renovation clients use LCC as a tool for making renova-
tion decisions. This includes an investigation of rationales
for LCC use on managerial, operational, individual and
instrumental levels as well as the role of LCC in decision
processes for building renovation. The paper contributes
with valuable knowledge for researchers regarding the role
and function of LCC in practice, thereby complementing
the large research streams on tool/method development
and the case-based research that today dominate LCC re-
search (Korpi & Ala-Risku, 2008).

1. An overview of research: life cycle costing
(LCC) development and practice

In theory, LCC and similar tools, such as Whole Life Cost
(WLC), Total Cost Assessment (TCA) and Life Cycle Cost
Assessment (LCCA), encourages taking a long-term per-

spective in decision-making processes rather than a short-
term focus on lowering initial acquisition costs (Wood-
ward, 1997). For a comprehensive summary of various
tools in terms of similarities and differences see Gluch and
Baumann (2004, p. 573). Since investment costs are set
against running costs over a longer period of time than in
traditional investment calculus, LCC enables choices be-
tween solutions set in relation to a building’s full technical
life cycle. For an LCC to capture all costs through the life
cycle of a building, it must include data on capital costs,
estimated maintenance, operating and disposal costs, pre-
dicted lifetime of the building and of various building
components (Olsson et al., 2015). Owing to the extended
time horizon in the calculations, it increases the impor-
tance of how future uncertainties are properly addressed
(Korpi & Ala-Risku, 2008), which is why assumptions on
discount rates, alternative scenarios and cost allocation
over time need careful consideration (Gluch & Baumann,
2004). In short, there are many parameters with several
options, opening up for alternative approaches in practice.
To handle this variety, standardization as well as customi-
zation have been suggested as strategies for promoting
LCC application.

Goh and Sun (2016) reviewed 27 articles in four key
construction management journals and eight books. In
their chronological review of LCC for buildings, they
tracked and described the evolution of LCC. Although
LCC and other similar decision support tools, such as
Whole Life Costing, has been available since early 1970s,
the notion of a green LCC emerged around year 2000
and has since gained ground as ‘today’s mainstream LCC’
(Goh & Sun, 2016). LCC is often proposed as a way to
overcome deficiencies in current application of sustain-
ability considerations in decisions and actions (e.g. Park,
2009). Goh and Sun (2016) noticed that although stand-
ardization of input parameters has been proclaimed since
the infancy of LCC, and in fact are available, there is still
a large divergence regarding assumptions on time and un-
certainty affecting predictions on future cost consequenc-
es in the calculations. Thus, the greening of LCC is highly
dependable on the ambition and purposive choices of the
calculator and/or user of LCC.

In another review on the intersection of LCC and
management/decision-making in the context of build-
ings and properties, Gluch (2014) covered 60 journal
articles published between 2003 and 2013. She observed
that much research concerns tool-making, either various
types of modelling (e.g. Brown, Malmqvist, Bai, & Mo-
linari, 2013; Ding, 2008; Morrissey, Meyrick, Sivaraman,
Horne, & Berry, 2012; Flores-Colen & de Brito, 2010;
Sharma, Saxena, Sethi, & Shree, 2011), or method and/or
tool development (e.g. Kirkham, 2005; Wang, Chang, &
Nunn, 2010; Love & Bullen, 2009; Kaklauskas, Zavadskas,
& Raslanas, 2005; Junghans, 2013; Arja, Sauce, & Souyri,
2009; Brown et al., 2013; Risholt, Time, & Hestnes, 2013;
Zhang, Platten, & Shen, 2011). Gluch (2014) noted that
the models often were multi-dimensional to capture the
complexities of these types of decisions (e.g. Wang, Zmeu-
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reanu, & Rivard, 2005; Ding, 2008; Sharma et al., 2011;
Swarr et al,, 2011, Brown et al., 2013; Mjornell et al., 2014),
thereby reflecting an ‘objectively determined’ functionalist
view towards application, similarly to what Rex and Bau-
mann (2008) noted for the development and application
of another life cycle tool, environmental life cycle assess-
ment (LCA). The LCC models, calculation methods and/
or tools designed by researchers were then often tested
in one or more real cases (e.g. Arja et al.,, 2009; Brown
et al,, 2013; Risholt et al., 2013; Zhang et al., 2011). Gluch
(2014) concluded that most researchers justify their efforts
with practitioners’ need for ‘customized’ LCC, however,
without empirical support about the nature of the need.
Thus follows a situation where researchers continue to
develop methods that package uncertainty, complexity
and bounded rationality into optimized monetary figures,
while it remains unclear to what extent LCC actually sup-
ports practical decision-making.

Studying the development of a customized LCC tool,
Ludvig (2013) found that LCC was not used in accord-
ance with the blueprints in the handbooks (e.g. Farr, 2011;
Dhillon, 2013) nor the standards (e.g. ISO 15 686 :5). She
also found differences in managers’ perception on the
benefits of using LCC to capture sustainability. Moreover,
the function of LCC differed across construction projects
as well as between LCC users. Korpi and Ala-Risku (2008)
made similar observations from their review on LCC ap-
plication with a client perspective. Several of the reviewed
articles made complaints about the shortage of standards
and formal procedures, despite the existence of commer-
cial standards.

Based on a review of 55 case studies described in aca-
demic journal articles, Korpi and Ala-Risku (2008) con-
cluded that the current research is unhelpful for guidance
on how to incorporate LCC into practice. The case studies
did not build on previous LCC research discourse, result-
ing in a highly disconnected and fragmented description.
Moreover, the reports on LCC methods were unsatisfac-
tory concerning the reporting of life cycle phases consid-
ered, information sources used, cost estimation methods
used and the nature of analyses done. A systematic un-
derstanding on the usability of LCC was limited by the
majority of studies being one-off case studies in which
LCC tools/methods were either developed or tested to
confirm the superiority of a specifically suggested tech-
nical solution. Concerning LCC practice, Korpi and Ala-
Risku (2008) observed that cost estimations were based on
expert judgement and analogy rather than on statistical
methods without going into detail. Also, deterministic life
cycle costs were used in the calculations instead of sensi-
tivity analysis. In half of the cases studies, uncertainty in
future costs was not considered - in the other half, it was
considered by using discount rate. Internal cost databases
were missing, resulting in calculations having to rely on
external sources of data.

The literature overview shows tool-making’s respec-
tively tool-use’s different views on LCC applications.

Whereas tool-making seems to presume control of mul-
tiple dimensions during application, tool use takes place
even when data are lacking and with various simplifica-
tions to the method. This raises a number of questions
for further inquiry. A first set of questions relates to real
estate- and property owners’ attitudes regarding long-term
thinking and LCC in renovation projects:

— What rationales are presented as triggers for deciding
to conduct an LCC?

- How does long-term, life cycle thinking as integrated
in project management routines affect LCC rationales
on different levels (managerial, operational, individu-
al and instrumental)?

Another set of questions relates to the actual LCC
practice in decision processes for building renovation:

- Who makes the calculations and is the sender of the
results from it?

- Who are receivers of the results?

- Where do data come from?

— Which assumptions are made and how is uncertainty
dealt with?

2. Research design and method

A questionnaire survey was designed to investigate aspects
related to real estate- and property owners’ attitudes towards
and experiences of using LCC in renovation decisions.

2.1. Questionnaire survey design

The questionnaire survey had 20 main questions, which
focused on three key themes:

1. Life cycle thinking;

2. Decision makers’ attitudes to the use of LCC;

3. LCC practice in renovation projects.

The first theme of questions was used to identify two
respondent groups — one that has integrated life cycle
thinking in renovation project routines and one that has
not — which thereafter was compared to each other. Ques-
tions about the rationales behind using LCC were partly
designed in accordance with the Technology Acceptance
Model (TAM) and partly based on previous research on
barriers towards adoption of LCC. TAM explains the
adoption of various types of technical systems and ap-
plications (Davis, 1989) and has been used to explain tool
uptake in various types of contexts, such as office tools,
software tools and business application tools, as well as
various technological systems and applications (see re-
view in Legris, Ingham, & Collerette, 2003). TAM has in
a previous study been found useful for describing and un-
derstanding factors influencing LCC use (Gluch & Gus-
tafsson, 2015). In brief, TAM explores external influence,
perceived usability, attitudes towards use and intention
to use.

The survey results are structured on four analytical
levels, covering managerial, operational, individual and
instrumental rationales for adoption and use of LCC.
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Respondents” opinions were measured using a Likert
scale with a six-point range (4 questions), a binary scale
only with, yes or no answers (5 questions), several response
options (8 questions), descriptive information (2 questions)
and ranking alternatives (1 question). In using a 6-point
scale, we forced the respondents do be more thoughtful and
thus becoming more discriminating when answering. It also
eliminates possible misinterpretations of the mid-point.

Since a random sample of decision makers in the built
environment would not produce sufficient results, purpo-
sive sampling was done, aiming to obtain a broad repre-
sentation of LCC use. The questionnaire was sent to indi-
viduals working in 105 Swedish real estate organizations
that own and/or manage properties on a long-term basis
(state, municipal, and private). The targeted respondents
were individuals likely to be involved in building renova-
tion decisions and assumed to be in position to influence
their company’s long-term environmental and economic
sustainability. These were specialized energy strategists,
CEOs, division managers, property/facility managers,
technical development managers, construction project
managers, or sustainability/environmental managers, de-
pending on the organizational structure.

Respondents were identified in two ways. For nine
organizations, contact persons provided a list of individu-
als matching the criteria listed above. For the remaining
majority, we used Statistics Sweden’s business register,
selecting real estate owners and real estate management
companies (NACE code 68.2 and 68.32) with more than
50 employees. Respondents were thereafter identified
through each company’s official web page. This brought a
final sample population of 217 individuals.

2.2. Data collection and final population

Data were collected in September-November 2013. The
questionnaire and two reminders were sent by e-mail using
an online questionnaire. The questionnaire was pretested
by two managers in order to identify and reduce potential
misinterpretations. For the same reason, an instructional
cover letter with detailed information about the study was
presented in the e-mail and the questionnaire document.

P. Gluch et al. From tool-making to tool-using — and back: rationales for adoption and use of LCC

Responses were obtained from 96 individuals of the
sample of 217. 66 respondents answered questions pertain-
ing to all three themes. 42 respondents with practical ex-
perience of LCC in a renovation project took the part of
the questionnaire elaborating on their LCC use in practice.

The distribution of the respondents’ occupational title
was as follows: construction project manager (32%), sus-
tainability/environmental manager (19%), CEO/division
manager (14%), technical development manager (14%),
property manager (12%), and energy strategist (9%).

The analysis was conducted using SPSS°. For Likert scale
variables, mean values were calculated. The robustness of us-
ing parametric testing on data from Likert scales have been
demonstrated in previous research (Carifio & Perla, 2007).

3. Results and analysis

This results presents rationales behind using LCC on
managerial, operational, individual and instrumental lev-
els. Descriptive data are presented in terms of mean val-
ues for all respondents. In the analysis, the respondents
were divided into two groups depending on if they have
included life cycle management into their project man-
agement routines (group A) or not (group B). 60% of the
respondents belong to group A and 40% to group B. This
enables us to investigate if this integration has had effect
on attitudes towards adopting LCC. For the investigation
of actual LCC practice, the results also present how real
estate- and property owners conduct an LCC in renova-
tion projects. This includes questions such as; who makes
the calculations, who are receiver of the LCC calculations,
and what assumptions are made and what key input pa-
rameters are used.

3.1. Life-cycle thinking in project management routines

Integration of life-cycle thinking in procedures for project
management depended on the extent to which long-term
solutions were favoured in the organisation but also on
project managers opportunities to contribute to long-
term strategic decisions and ability to have an overview,
as well as the project team’s knowledge (Table 1).

Table 1. Stated reasons for having or not having integrated life-cycle thinking in procedures for project management

Yes No
Question

N M Sd N M Sd
Knowledge is in the project team* 60 4.54 91 38 3.82 1.58
Project managers actively contribute to the organization’s 60 4.53 93 37 3.57 1.57
long-term strategic decisions*
Project managers have necessary overview* 60 4.21 .96 38 3.79 1.51
Project management functions and strategic functions are 60 3.97 1.28 37 3.76 1.42
integrated with each other
Running operation costs for facility management is 60 4.28 1.35 36 2.78 1.71
treated jointly with long-term investment costs*
Long-term solutions are favoured* 60 4.55 1.14 37 4.14 1.77

* Difference significant at p<.05 using t-test.

For the No group questions were phrased in a negating form (values then reversed for comparison). The scale ranges from 1 (strongly disagree) to 6

(strongly agree).
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Regarding integration of life-cycle thinking in project
management routines, there was a statistically significant
difference between the two groups for all statements ex-
cept: Project Management functions and strategic functions
are integrated with each other. Favouring long-term solu-
tions is valued higher among group A than the B group.
The project team and the project manager’s knowledge
are also valued as more important within group A than
for group B. In addition, project managers opportunity
to actively contribute to the organization’s long-term stra-
tegic decisions was valued higher in group A. Thus, good
understanding and knowledge of these issues within the
project team is seen as key to greater long-term emphasis
in renovation projects. For group B, integrated handling
of operation costs and investment costs (different bags of
money) scored the lowest, indicating that this may be a
cause of integration not taking place (Table 1).

3.2. Extent of LCC use in property owners’
renovation projects

A large majority (64%) of respondents (N=93) indicate
that LCC has been used or discussed within the organiza-
tion only within the past 5 years. Of these 5% less than a
year. 23% state LCC has been known within the organiza-
tion longer than 5 years but less than 15 years. Only 5%
state that it has been known longer than 15 years. Nine
percent of the respondent state that LCC is neither used
nor discussed in their organization.

When it comes to the number of renovation projects
where LCC calculations were used as part of the deci-
sion support foundation (N=83), respondents answered
across the entire scale. One third, 33%, indicate that they
in more than 50% of projects have used LCC. 4% of these
states they use LCC in all project. About one fourth of the
respondents, 24%, reported that more than 25% but less
than 50% of the projects consider LCC. 38% answered that
LCC calculations are done in less than 25% of the projects.
To this question, 5% of the respondents, state that they do
not calculate LCC in any construction project at all. An
analysis of answers to these two questions on time and
number of projects shows a possible relation between how
long LCC has been a known subject in the organization,
and the proportion of renovation projects where it is actu-
ally applied (r=.20, p=.07).

3.3. Rationales for adopting LCC

The results are structured in relation to rationales on four
analytical levels; managerial, operational, individual and
instrumental.

Managerial level

Use of different types of tools often respond to demands
from the organization or the industry. The mean value
for the total dataset presented in Table 2 shows that there
is no impact variable on managerial level that stands out
as extraordinary in terms of driving the use of LCC in a
renovation context. There are individual variations within
the results but in terms of mean value the influence from
external impact variables are moderate. That the organiza-
tion and/or management advocate the use of LCC stands
out as significantly more influential for group A than for
group B. This is also the case for rationales driven by re-
quirements and managerial demands. There also seems to
be a driving effect that other colleagues and others in the
industry use LCC. The latter is especially seen as a ration-
ale for group B.

Operational level

The respondents were asked to indicate how they felt
about different statements related to the usefulness of
conducting an LCC in their daily work. From the results
presented in Table 3 we can see that there seem to be quite
good conditions for the use of LCC. Lack of resources in
terms of finance and time, often highlighted in research as
obstacles for a wider use of LCC, seem not be perceived
as a major problem in our survey. It should be noted that
group A sees statistically less hindrance due to time and
money than group B. The actual terminology and appara-
tus of LCC is at least partly considered as consistent and
familiar for many of the respondents, especially for group
A although the difference is not statistically significant.
Group A believes that the idea of LCC lies rather well in
line with how they normally work while group B believe
less so. LCC is for both groups considered to be sufficiently
flexible. In addition, LCC is also perceived to make it easi-
er to identify key information needed when making deci-
sions on renovation of buildings and properties. This is
especially forwarded as a rationale for group B. However,

Table 2. Perceived rationales or non-rationales for LCC use on a managerial level (external impact)

. Total Group A Group B
Question

N M Sd N M Sd N M Sd
The organization advocates the use of LCC* 70 3.90 | 1.58 44 439 | 1.38 26 3.08 | 1.57
My colleagues believe that LCC is a good tool 69 3.77 | 147 43 4.00 | 1.38 26 3.38 | 1.55
Many within the industry use LCC 70 3.59 | 1.19 44 357 | 121 26 | 3.62 | 117
It is a requirement to use LCC* 70 354 | 1.82 44 393 | 1.72 26 2.88 | 1.82
My managers think I should use LCC* 67 345 | 1.62 41 393 | 149 26 | 2.69 | 1.54
Many others within the company use LCC* 69 297 | 148 43 342 | 138 26 223 | 137

* Difference significant at p<.05 using t-test.
The scale runs from 1 (strongly disagree) to 6 (strongly agree).
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Table 3. Perceived rationales or non-rationales for LCC use on an operational level (usefulness)

Question Total Group A Group B

I perceive that... N M sd N M sd N M sd
...there are several different ways to conduct an LCC (flexibility) | 63 | 4.16 | 1.07 40 410 | 1.10 | 23 426 | 1.01
...the terminology in LCC is familiar to me 64 | 411 | 1.44 41 427 | 1.38 | 23 3.83 | 1.53
...the terminology in LCC is consistent 63 | 3.87 | 1.25 40 405 | 1.30 | 23 357 | 1.12
...LCC makes it easier to identify key information 63 | 3.78 | 1.28 40 3.60 | 1.32 | 23 4.09 | 1.16
...I do not have to adjust my way of working to do an LCC* 62 | 3.60 | 1.27 39 3.87 | 1.30 | 23 3.13 | 1.10
...to learn how to use LCC is easy 69 | 349 | 1.29 43 3.56 | 142 | 26 3.38 | 1.06
...I have necessary resources to do an LCC calculation 63 | 3.46 | 1.48 40 3.65 | 149 | 23 3.13 | 1.42
...I can adjust LCC so it serves the purpose I am interested in | 63 | 3.41 | 1.20 40 340 | 122 | 23 343 | 1.20
...I have got profound guidance on LCC* 64 | 3.06 | 1.67 41 339 | 1.59 | 23 248 | 1.68
...it is too expensive to do an LCC* 62 | 2.10 | 1.08 39 1.82 | 1.02 | 23 2.57 | 1.04
...it takes too much time to do an LCC* 62 | 2.31 | 1.05 39 | 210 | 1.02 | 23 2.65 | 1.03
..Jack of cooperation between involved parties makes LCC difficult* | 62 | 2.65 | 1.32 39 238 | 1.29 | 23 3.09 | 1.28
...input data for LCC calculations are missing 62 | 2.84 | 1.28 41 278 | 1.27 | 21 295 | 1.32
...input data for LCC calculations are unreliable 61 | 2.89 | 1.22 40 275 | 1.15 | 21 3.14 | 1.35

* Difference significant at p<.05 using t-test.

The scale ranges from 1 (strongly disagree) to 6 (strongly agree).

this is somewhat contradictory since they state that they
are less familiar with the LCC terminology than Group A.
The two groups also differ in respect to perceived lack of
cooperation between involved parties were Group B tend
to see this as more of an obstacle than group A.

Instrumental level

Table 4 shows that respondents believe LCC serves a
relatively large number of functions in the organization’s
decision-making processes. Several of these can be linked
to a key idea and the textbook picture of how LCC can
be used, that is, identifying the most cost effective choice
in a long-term perspective and give a comparative eco-

nomic view of the various investment options. LCC are
also believed to consider energy costs and enable long-
term planning.

Moreover, side effects such as greater credibility for
the decision, facilitator of communication and learning
effects, are also seen as resulting from using LCC. The
lowest rated function is using LCC in negotiations, as
checklist and for monitoring on-going projects. The two
groups have a rather coherent view on LCCs instrumen-
tal function and only differ statistically in regard to LCCs
role for internal discussions about renovation and LCC as
mean to steer investments into a desired direction. Group
B sees these effects from LCC as less prominent.

Table 4. Perceived rationales or non-rationales for LCC use on an instrumental level (function)

Question Total Group A Group B
Lcc... N | M |[Sd| N |M|Sd|N|M|sd
...shows what is most cost effective in the long term 80 | 480 | 1.06 | 52 | 494 | 0.89 | 28 | 454 | 1.29
...provides greater credibility for decisions 80 | 459 | 1.25 | 52 | 462 | 1.14 | 28 | 454 | 1.45
...provides a comparative basis for different investment alternatives 79 | 454 | 1.23 | 52 | 471 | 1.09 | 27 | 422 | 142
...considers rising energy costs 79 449 | 118 | 52 | 452 | 1.15 | 27 | 444 | 1.25
...provides an economic estimate useful for decision-making 80 | 446 | 127 | 52 | 463 | 1.09 | 28 | 414 | 1.53
...allows for long-term planning 79 | 430 | 1.22 | 52 | 437 | 1.16 | 27 | 419 | 1.36
...is useful in internal discussions about renovation* 79 | 423 | 1.11 | 52 | 448 | 098 | 27 | 3.74 | 1.20
...directs investments in a desired direction* 79 | 422 | 117 | 52 | 448 | 090 | 27 | 3.70 | 1.46
...facilitates communication about long-term consequences 80 | 415 | 1.24 | 52 | 423 | 1.15 | 28 | 4.00 | 1.41
...contributes to learning when collecting information and 79 | 401 | 125 | 52 |4.04| 1.15 | 27 | 3.96 | 143
making assumptions and estimates for the calculation
...is useful in discussions with external stakeholders 79 1399 | 1.17 | 52 | 4.12| 120 | 27 | 3.74 | 1.10
...maps future cost items 80 398 | 1.34 | 52 | 4.04 | 1.28 | 28 | 3.86 | 1.46
...enables monitoring of ongoing projects 79 | 366 | 1.31 | 52 | 3.71| 1.36 | 27 | 3.56 | 1.22
...calculations are useful in negotiations 80 | 343 | 149 | 52 |3.35| 1.61 | 28 | 3.57 | 1.26
...provides a checklist 78 | 318 | 1.39 | 52 |325| 1.40 | 26 | 3.04 | 1.40

* Difference significant at p<.05 using t-test.
The scale ranges from 1 (strongly disagree) to 6 (strongly agree).
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Table 5. Perceived rationales or non-rationales for LCC use on an individual level (attitude)

Question Total Group A Group B

I perceive that... N M sd N M sd N M sd
...LCC is valuable for me 63 4.57 1.17 41 | 451 | 116 22 4.68 1.21
...I like the idea of using LCC 63 4.54 1.24 40 4.33 1.29 23 491 1.08
...calculating LCC gives me increased control 62 4.21 1.16 40 | 4.38 | 1.13 22 3.91 1.19
...LCC provide me with relevant information 63 421 .94 41 | 429 | 0.84 22 4.05 1.09
...LCC is a suitable tool for doing my job 63 4.16 1.08 41 | 417 | 1.07 22 4.14 1.13
...LCC gives me profound information 62 397 | 112 40 | 4.08 | 1.12 22 3.77 | 111
...LCC provides information when I need it 61 3.95 1.18 39 | 4.03 | 1.25 22 3.82 1.05
...LCC gives me correct information 62 3.87 1.12 40 | 4.03 | 1.03 22 3.59 1.26
...IT have enough knowledge to do an LCC 64 3.53 1.44 41 | 3.66 | 141 23 3.30 1.49

The scale ranges from 1 (strongly disagree) to 6 (strongly agree).

Individual level

Opverall the attitudes towards LCC is on the positive side
(Table 5). The respondents especially agree to the statement
that they like the actual idea of LCC and that LCC repre-
sents something valuable for them. They also perceive that
LCC is a suitable tool in their work and that LCC provides
them with relevant information. Thus, the results indicate
that there seem to be fairly good conditions for a more
widely use of LCC in renovation projects, both regarding
users’ qualifications and the LCC tool itself.

The individual rationales for using LCC cohere across
the two respondent groups A and B and the results shows
no statistically significant differences due to life cycle in-
tegration in project management routine.

3.4. LCC practice in building renovation projects

Answering questions related to LCC practice in building
renovation projects the respondents were asked to consid-
er a recently completed renovation project they had been
involved in and use this to base their answers on.

Sender and receiver of LCC results

Among the respondents (N=42) that answered that they
performed an LCC in a renovation project, sixty-one per-
cent of the respondents stated that they used an LCC tool
developed in-house of their organization. Of these, 7%
reported they used a tool developed by their own project
team and 53% reported using a tool developed elsewhere
in their organization. 26% reported they used a publicly
available computational tool. 7% stated they did not use
any specific calculation tool and equally many that they do
not know what tool that was used.

The results show that construction project manag-
ers are identified as key participants in the processes of
developing decision support for renovation projects (see
Table 6). The organization’s internal energy coordinator
and the facilities manager are also involved in these pro-
cesses. Building design managers and consulting installa-
tion engineers are also involved to a relatively high degree.
Environmental managers and environmental consultants

Table 6. Degree of participation by various actors in the process
of developing decisional support for the renovation project

Actor N M Sd
Construction project manager 71 5.52 0.86
Energy coordinator (internal) 70 4.79 1.33
Property/facilities manager 69 4.35 1.34
Consulting HVAC engineer 67 4.15 1.53
Building design manager 67 4.03 1.87
Consulting building engineer 66 3.73 1.80
Top management 69 3.71 1.75
Energy consultant 68 3.63 1.75
Environmental official (internal) 68 3.60 1.68
Architect 68 3.50 1.89
Financial officer 70 3.31 1.75
Building contractor 69 3.16 1.85
Authorities 67 2.82 1.69
Environmental consultant 66 2.79 1.70
Politicians 66 2.36 1.73

The scale ranges from 1 (not at all) to 6 (extremely high).

and also financial officers come into play to a lesser extent.
Politicians and authorities are not seen as important par-
ticipants in the process. Neither is the building contractor
involved while participation is somewhat more likely for
architects and consulting building engineers.

Of those respondents who stated that an LCC calcu-
lation was made, 41% answered that the unit or group
they belonged to did the calculation. 26% stated it was
someone else in their organization that performed the cal-
culation and 21% hired a consultant for the calculation.
Twelve percent stated that they did it by themselves.

The respondents were also asked to state whom they
viewed as receivers of the results (Table 7). It is interest-
ing to note that one of LCC’s most important functions
is reported to be establishing greater credibility for the
decision (see Table 4), while respondents also report they
themselves or their own project team are the primary re-
cipients of LCC calculation results. Politicians, authorities
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Table 7. Primary recipient of the LCC results

Actor N M Sd Rank
The project team 42 852 | 1.38 1
Myself 42 7.88 2.28 2
Management staff 42 7.76 | 2.05 3
Managers 42 7.12 1.56 4
Operation/facility 42 6.93 | 1.67 5
administrators
Customer/client 42 4.48 1.78 6
Suppliers 42 3.88 | 1.50
Residents/resident 42 2.55 1.47
organisations
Politicians 42 2.43 3.06 9
Authorities 42 1.81 1.74 10
Accountants/auditors 42 1.64 1.50 11

The scale ranges from 1 (least important recipient) to 11 (most important
recipient).

and accountants/auditors are ranked much lower. LCC
and LCC calculations are thus primarily viewed as in-
house project tools.

Key input parameters used in LCC calculation

Regarding the source for input data, 35% of the respond-
ents stated they primarily used estimates based on the
project team’s previous experience. 30% stated they per-
formed a one-off thorough inventory specifically for the
renovation project in hand. A smaller number said they
downloaded historical data from in-house databases (19%)
and even fewer used general industry template data (7%).

The length of lifetime selected strongly impacts the
LCC calculation. The longer this is, the greater the uncer-
tainty built into the calculation. But, shorter lifetimes risk
missing a majority of costs with long-term significance.
The survey finds that a majority of respondents state they
use a lifetime longer than 21 years in their LCC calcula-
tion (53%). 30% indicate they use 11-20 years, and 9%
4-10 years. No answers were for 1-3 years, and 7% said
they do not know the lifetime used.

The discount rate used in an LCC calculation has sig-
nificant impact on the results, especially when using a
present value method to compare cash flows over time.
The higher the discount rate, the lower the value of future
costs in the calculation. In literature, some researchers use
a zero percent discount for environmental investments, ar-
guing that future costs will have a value equal to the cost
that would be due if the payment were made today. Others
advocate that different discount rates should be used for
different cost items depending on the future environmen-
tal impact of that particular item. None of the respondents
indicated they used a zero percent discount rate. An over-
whelming majority (68%) used a rate set centrally in their
organization for investments in general, that is, the same
rate used for a standard investment calculation with short

time perspectives. A few respondents used an industry-
wide standard rate (5%) and a similar number used a cal-
culation method that does not consider cost of capital, as
with the payback method. 12% of respondents indicated
they considered cost of capital as a variable for application
in sensitivity analyses. 12% of respondents answered that
they did not know the interest rate used. An observation
here is that the option to vary the interest rate depending
on project type, which nearly 25% agreed was preferable,
would involve some kind of negotiation as to the interest
rate used. However, no respondents stated the discount
rate was set through a negotiation process.

Discussion and conclusion

This study shows that real estate- and property owners in
general have a positive attitude towards life cycle think-
ing. LCC is perceived as a valuable and suitable tool and
provider of increased control in renovation investment
situations. As instrumental rationale for using LCC, the
respondents mention LCC’s ability to offer a comparative
basis for different investment solutions, that the calcula-
tion results show the most cost effective solutions in a
long-term perspective and indicate rising energy costs.
All above is consistent with LCC’s built-in theoretical eco-
nomics logic and demonstrates that LCC is indeed viewed
as the financial instrument suggested in literature (Farr,
2011; Dhillon, 2013). On an operational level, LCC is per-
ceived as having many different functions and thus pro-
viding enough flexibility for practical use in a renovation
context. A consistent and familiar terminology was also a
strong rationale for using LCC. Increased time and costs
for applying and using LCC are often described as barri-
ers for sustainability practices (Hékkinen & Belloni, 2011;
Opoku & Ahmed, 2014), but were not seen as major bar-
riers here, especially not among the group that included
life-cycle thinking into their project management routines.

Dividing the respondents into two groups depending
on if they have included life cycle management into their
project management routines (group A) or not (group B),
enabled us to investigate if this integration has had effect
on attitudes towards LCC. Figure 1 present perceived ra-
tionales for LCC use where there are statistically signifi-
cant differences between the two groups. In general group
B tends to see more hindrances than group A that feels
that using LCC aligns well with how they work. This is for
example mirrored in the instrumental function on LCC,
where group A considers it more useful to direct invest-
ment decisions than group B.

The results show that managerial rationales in terms of
the extent to which LCC is advocated and used by others
affects the extent to which LCC is used. Comparing group
A and B, the first is foremost driven by management di-
rectives and internal demands while the latter seem to be
industry driven. Group A also sees knowledge in project
team and involved project managers together with that
long-term perspectives and solutions is favored within
the organization as key reasons to the adoption of LCC in
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LCC directs investments in a desired direction

LCC is useful in internal discussions about renovation
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Figure 1. Statistically significant differences between Group A and Group B in
terms of perceived rationales or non-rationales for LCC use

renovation, whereas group B emphasizes separated money
bags as reason not to. The above tells us that to increase
the use of LCC, as well as a having a realistic idea what
LCC can do or not, companies should strive to establish
a culture that advocates a continuous use of LCC, both
within the organization but also through joint industry
initiatives.

Although the respondents have a general positive
attitude towards LCC, and perhaps also expectations
of what it can do, our results display a fragmented and
undeveloped view on how LCC is used in practice. This
reveals that the attractiveness of LCC rather relates to a
sense of familiarity with the economic format than getting
well-grounded calculation results (cf. Gluch & Baumann,
2004). The awareness regarding effects from assumptions
made in the financial analysis seems inadequate and the
use of LCC simplistic in comparison to the tools devel-
oped and proposed in research literature. The calculations,
for example, were built on rough cost estimates based on
‘common sense’ within foremost a closed project team,
a general discount rate for all kinds of investments was
used, and sensitivity analysis to account for future un-
certainty was seldom applied. In addition, in many cases
the project teams performed their own LCC calculation
while at the same time being the primary recipients of
the results from it. Although less familiar with the LCC
terminology and in general more hesitant to LCC use,
Group B seem to like the actual idea of LCC more than
group A. The reason behind this cannot be determined
based on the study. However, a possible explanation might
be that this reflects an even more immature and idealis-
tic view on LCC among group B than with Group A. A

view that maybe has started to be challenged for Group
A respondents when incorporating LCC in their project
management routines.

Project managers and energy managers were viewed
as the most influential parties in the decision-making
processes, whereas environmental and financial managers
had limited involvement, which further adds to a naivety
in its use as a financial accounting instrument. Similar
to Olsson et al. (2015) and Ludvig, Stenberg, and Gluch
(2013) we conclude that the ways sustainability issues are
addressed in renovation decisions may largely depend on
the skills and wills of individual project managers.

Our findings also confirm what has previously been
shown, that individuals across the industry have devel-
oped their own way of conducting an LCC (Olubodun,
Kangwa, Oladapo, & Thompson, 2010). Taken together,
we discern a self-supportive pattern, where LCC is per-
formed by the project group to legitimize decisions and
strengthen support for a preferred design solution. Even
it LCC attempt to capture costs across an entire life cycle,
decisions still risk failing to consider perspectives of vari-
ous stakeholders involved in a renovation project (Swarr
et al., 2011). As consequence, the opportunity to widen
the views and make more holistic and strategic decisions,
something proclaimed as being the very essence of LCC in
contrast to regular investment calculus, might get lost. Af-
ter all, the main idea of LCC, with its life cycle approach,
is to support strategic decision making. The dominant
involvement by project and energy managers coupled
with the relative absence of environmental managers in
shaping the calculations, suggest that in practice LCCs
represent a relatively narrow focus and not the long-term
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and comprehensive take on environmental and sustain-
ability issues as promoted in research. Instead of being
perceived as a fine-tuned calculation instrument, LCC is
viewed as a credibility provider and as informative mean
to explain and/or facilitate discussions regarding long-
term issues within the organisation, i.e. LCC serves as a
communicative instrument giving legitimacy to the reno-
vation project. In sum, LCC calculations give practition-
ers a sense of a systematic and rational decision-making
process rather than supporting the decisions with detailed
figures. Thereby, the choice of, for example, the discount
rate also becomes less important.

The above points towards the importance for tool-
makers to move beyond a functionalist view on LCC
and adopt an interpretive view that considers actions and
sense-making of individuals in their shaping of tools in
practice, similarly to what Rex and Baumann (2008) con-
cluded about LCA. LCC practice in building renovation
takes place in a context of multiple and partly competing
institutional logics — those of economics, project practice,
energy efficiency and sustainability (Hill, Lorenz, Dent,
& Liitzkendorf, 2013). Renovation decisions are thus ex-
posed to long-term demands on energy efliciency, govern-
mental and corporate sustainability directives, while being
governed by short-term corporate financial goals and poli-
cies related to profit and return on investment (Higham
et al., 2015). These two perspectives follow different log-
ics, in that they are associated with different organizing
principles where each requires a different set of behaviours
from those involved (Reay & Hinings, 2009). In addition,
there is also the logic of project management, which is
associated with temporality, unique one-off nature, con-
text dependency, and short-term cost frames. Research on
LCC has so far neglected the multiplicity of logics that
are inherent in LCC practice. As noted when comparing
practitioners group A and B, the ones who included LCC
in their project management routines were also the most
positive to integration of strategic functions with project
management functions. This emphasise the importance of
not isolating LCC to individual renovation project, and
instead lift it to a strategic property management level.

We, as do Robichaud and Anantatmula (2010), point
to a relationship between various communicative and
collaborative actions and integrated life-cycle thinking in
project practices worthy of further exploration. Among
these actions and as key for more conscious adoption
of LCC in renovation projects (cf. Hikkinen & Belloni,
2011), our study especially points out the importance of
giving project managers’ more opportunities to contribute
to long-term strategic decisions and to raise their knowl-
edge and ability to grasp the bigger picture.

In the literature, the limited adoption of LCC in prac-
tice is often seen as resulting from a lack of standards,
formal guidelines and useable software (Arditi & Messiha,
1999; Olubodun, Kangwa, Oladapo, & Thompson, 2010;
Goh & Sun, 2016). However, this lack of consistent rules
did not stop our respondents from performing LCC calcu-

lations, as we identified an established use of LCC among
them. The question remains whether or not industry
standards for LCC is an answer, considering that renova-
tion projects make a contextual, fragmented, and complex
application context for LCC, and even more so given the
diversity of other contexts exhibited over time (Korpi &
Ala-Risku, 2008). An alternative to industry standardiza-
tion is for organizations to strive for more consistency
over time as suggested by Lindholm and Soumala (2007).
Our study confirms the importance of consistency as it
shows a relationship between how long LCC has been
used in a firm/organization and the proportion of pro-
jects in which LCC is used. By continuously practicing
long-term cost accounting and collecting cost history data,
an organization can develop life cycle costing throughout
the organization into a long-term project. By persistently
working with LCC, learning and knowledge on sustain-
able building might also be developed and shared across
organizational boundaries and thus become less depend-
ent on specific individual decision-makers.

This study is limited to Swedish real estate organiza-
tions. A comparative study of rationales behind LCC use
in different countries would be of interest setting these
results into a global perspective. While much of previous
research have aimed at developing more sophisticated
LCC models and tools, our results show that managers’
interest in these refinements seem limited. Our recom-
mendation is that future research should look beyond tool
development and applications. This is not to say that such
development should be abandoned, however, it is of little
use unless practitioners adopt and use these applications
as intended. Since a quantitative survey is limited in its
ability to provide in-depth understanding regarding actual
use of LCC we suggest complementary qualitative studies
of real life property management practices. Further and
in-depth studies of how decision-making and property
management strategies are aligned in relationship to tools,
roles and responsibilities would contribute to an increased
understanding of this. Thus, paying greater attention to
the behavioural aspects of decision making processes, to
the communicative dimensions within LCC practices and
the possible effects from this is suggested to be a fruitful
way forward. After all, it is people that make decisions
not tools.
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