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Abstract. Purpose. There has been a growing consciousness of the significance of considering the costs of
buildings and of developing financial methods to evaluate the life cycle costs (LCC) of buildings in use. Before
any decision to invest capital in a building project or existing infrastructure is taken, it is essential that all
corporate occupants and stakeholders in the policymaking practice are fully aware of the risks that are inherent
as any LCC estimate will always involve a degree of risk exposure.

Design/methodology /approach. Questionnaire survey to 120 construction professionals was used to gauge
the current level of awareness, usage and advocated benefits of risk assessment methods in LCC. The
questionnaire comprised three main sections each exploring different parts of the research question.
Findings. The key findings of the statistical analysis indicated that there is a low awareness and usage of risk
assessment methods and four factors were the most advocated benefits of its application to corporate occupiers
and decision makers. This study fills the gap in the existing knowledge by addressing concerns over risk
assessment to improve the confidence in LCC.

Research limitations/implications. Although the data used in this paper was from professionally qualified
members of either the Royal Institution of Chartered Surveyors (RICS), the Chartered Institute of Building
(CIOB) and the British Institute for Facilities Management (BIFM), the research is limited in some ways in that it
does not cover all the professionals in the construction industry. Nevertheless, all the professionals who responded
to the questionnaire have up-to-date level of awareness of risk assessment methods in life cycle costing.
Practical implications. As a result of growing awareness of whole life costing among corporate occupants and
facilities managers in contemporary building projects, precise assessment of cost is a challenging undertaking as
it consists of some measure of risk with regards to the running and maintenance costs during the entire life of the
buildings. Thus, the existence of considerable improbability and doubt regarding cost and time evidence of an
LCC study would have mind blowing implications on final results and consequently have minute bearing on
subsequent decisions made by corporate occupiers.

Social implications. Value for money for construction products and its facilities should not be viewed only in
terms of costs to design and construction. Rather, it is vital for corporate occupants and society in general to
consider other key variables such as operations, maintenance, renovation, replacement, and end of life costs.
Originality /value. This paper contributes with new outlooks aimed at assessing the current level of
awareness, usage and advocated benefits of risk assessment methods in LCC and adds to the limited empirical
studies on risk assessment to corporate occupants and decision makers.

Keywords: corporate occupants / life cycle costing / real estate and risk assessment

1 Introduction [1]. Tt also refers to an economic estimation method that
evaluates the entire cost of a building to the corporate
occupier over its operating life, including initial capital
costs, maintenance costs, operating costs and the ultimate
disposal of the asset at the end of its life [2].

Kirk and Dell'Isola [3] referred to LCC as a manage-
ment tool and a decision making tool; a management tool
* e-mail: 0.oduyemi@derby.ac.uk because it can be used to forecast the total costs that will be

LCC is a technique which enables comparative cost
assessments to be made over a specified period of time,
taking into account all relevant economic factors both
in terms of initial capital costs and future operational costs
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incurred by the corporate occupier during a building's life
and a decision making technique because it can be used to
pick amongst alternate projects.

Recent guidance for projects procured using the Private
Finance Initiative (PFI) or Public Private Partnership
(PPP) routes advocates the use of life cycle costing
techniques specifically as they provide an assessment of the
long-term cost effectiveness of a project.

Similarly, to the corporate occupiers, it can be used as a
means of comparing options and their associated costs over
a period of time [4] or as a tool for assessing the long terms
costs of ownership in existing buildings through stochastic
modelling and key performance indicators [5].

In spite of these anticipated benefits, no research has
evaluated the use, awareness and benefits of risk assess-
ment methods for lifecycle costing in buildings to corporate
occupiers. The relevance of these methods cannot be
overemphasised as investing in real estate is long-lasting
and as an aftermath consists of some measure of risk with
regards to the operating and maintenance costs during the
entire life of the structures.

Also, the existence of considerable improbability and
doubt regarding cost and time evidence of an LCC study
would have mind blowing implications on final results and
consequently have minute bearing on subsequent decisions
made by corporate occupiers.

Hence, dealing with risk should be fundamental to new
approaches of defining real estate particularly in today's
extremely unpredictable business environment. This
should be the basis of the professionals' method to LCC
decision making as the imprecision of prediction has
remained a major issue with real estate practitioners and
corporate occupiers, therefore, making available informa-
tion and measuring the risk components would make
professionals and occupants more convinced with the
information that LCC delivers.

1.1 The benefits of LCC to corporate occupiers

It has long been acknowledged that it is unacceptable to
appraise the costs of buildings only on the basis of their initial
costs. LCC is an estimation method that takes cognisance of
all costs that arise all through the life cycle of a development,
such as initial investment costs, subsequent operating and
maintenance costs, salvage and resale value [6].

The method is mostly applied to enable effective selection
among project options by corporate occupiers. It is best
carried out during the initial feasibility, practicability and
conceptual design where most, if not all, choices are subject
todeliberation. According to Norman [7], the several benefits
of LCC to corporate occupiers can be identified:

— The commissioning of new buildings to meet a perceived
market demand.

— Investment in new capital equipment to achieve specific
cost reduction targets.

— Modification of design to improve reliability and
performance.

— Decisions on the optimal time to replace ageing facilities.

Akhlaghi [8] also applied LCC analysis and decision-
making tool to buildings in four different contexts:

—In trading-off exercises between capital and revenue
expenditures — often as a useful tool for presenting a case
for higher capital expenditure and relaxation of cost
limits in favour of better gains in terms of revenue.

— In comparisons between different design solutions that
might provide equivalent baseline performance according
to conventional criteria.

— In presenting a possibility for investigation into the inter-
relationship between the performance of a building and
its running costs or cost-in-use specification.

Haworth [9] summarises the benefits of LCC to
corporate occupiers into four simple ideologies:
— LCC must be used at all decision stages during the design
process.
— LCC must comprise of the operation costs within a building.
— The logical procedure must encompass all decision-
related factors.

Typically, LCC can be applied throughout the follow-
ing main phases of the life cycle of any facility:
— Preconstruction which involves project investment and
planning.
— Design and construction at practical, system and
comprehensive component stage.
— During occupation (cost-in-use) and post-construction.
— Disposal (end-of-life).

In sum, LCC is a very adaptable management tool to the
corporate occupier as it enables both short-term monitoring
and long-term planning of costs to be carried out. LCC tends
to change depending on the context it is applied. It may
integrate several cost elements, assemble these elements in
diverse paths, or even ignore specific cost elements that are
considered needless for the specific examination.

LCC allows the corporate occupier to concentrate on
important matters, to explore and describe the issues that
affect the decision variables and get a deeper understand-
ing of the issues which will affect the final choice. By
examining these factors early in the design process, when
effective corrective action can be taken, important trade-
offs between capital and running costs can be made.

The LCC approach can also have important benefits
during the whole lifetime of the asset as a management tool
which can identify short-term running costs of buildings or
building components, ascertain ways in which cost savings
can be achieved and feedback this information for use in
subsequent LCC studies. Similarly, other benefits of LCC
to corporate occupiers are discussed in Table 1.

LCC model can be used to forecast the costs of all the
life cycle phases for individual scheme and allow occupiers
to choose the most viable development on the basis of total
performance [10]. The quality of both the design and
construction of the building have a substantial effect on the
costs. Constructions where the design team exclusively
emphasise on plummeting capital costs can result in a
structure which is expensive to manage, operate, inhabit
and ultimately dispose of.

LCC thus reduces costs and so knowledgeable invest-
ment choices might be arrived at dependent on the least
likely use of funds. Waak [11] identified situations in which
operating and maintenance costs could be lowered by up to
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Table 1. Benefits of LCC to the corporate occupiers.

LCC identifies whole costs

LCC methods enable occupiers to recognise the whole costs emanating from buildings

throughout its operational life without looking at only the initial capital costs.

LCC acts as a decision
making tool

LCC acts as a management
tool

LCC acts as a maintenance
guide

strategies.

LCC helps in decision making and leads to functioning and monetary investment

LCC allows occupiers to select the best resolution and also allows for good control of
the asset during its operation.

LCC provides diverse maintenance systems to be adopted, as well as maintenance
cycles and their occurrences and to make repairs/replacement decisions,

improvements, refurbishment decisions and also to agree on the maintenance budget.

fifty percent, and concurring with Masiello [12], the LCC
method makes it conceivable to recognise the utmost
important cost generators and hence attains the suitable
blend of resources employed. Ferrin and Plank [13]
concluded that LCC-based assessment delivers a more
long-term assessment for occupiers.

1.2 The need for risk assessment methods

Risk is a complex phenomenon that has physical, monetary,
cultural and social dimensions [14]. The consequences of risk
events go well beyond the direct physical harm to financial or
physical assets, people or ecosystems. The effects include the
way a society operates and people think [14].

The objectives of risk assessment to corporate occupiers
are to increase the probability and impact of positive
events, and decrease the probability and impact of events
adverse to the buildings [15].

Ideally, all risks should be assessed and accounted for at
the outset of the analysis, and given the continually
changing nature of risk; the management techniques used
should be dynamic in their nature.

Conversations with industry based cost appraisal
professionals in the course of conferences and seminars
have revealed that the concept of risk is under represented
in the industry particularly where decision-making is
involved [16,17]. Occasionally when risk is deliberated
upon in the information encapsulating activities, it is
hardly ever incorporated in the final decision [18].

The lack of risk assessment methods would result in
grave restrictions to the use of the LCC methods for
corporate occupiers, as cost computations would be
inexact, with non-manageable values not being considered.

Applying these procedures and steps would augment
the accuracy of cost forecasts, accelerating the integration
into the examination of unanticipated happenings all
through the life cycle of the building [19]. According to
Akintoye and Macleod [20], it is important for minimising
losses and increasing profits of the real estate.

Similarly, investments in facilities are long-lived and
necessarily involve risks about project life, operating and
maintenance costs, and many more factors that affect
facilities economics. If there is substantial risk concerning
cost and time information, a LCC assessment may have
little value for corporate users and decision makers.

Therefore, it is essential to assess the degree of risk
associated with the LCC results and to take that additional
information into account when making decisions [21,22].

Thus, if the LCC models can introduce some quantita-
tive method of assessing the probabilities of risk, then this
kind of barrier can be overcome. The weightiest improb-
abilities normally take place in the early stages of a project,
a time also when investment decisions of the maximum
effect are made. However, the risks associated with future
cost forecasting carry similar risks.

Likewise, in post occupancy cost analysis, the risks in
future capital spending and LCC forecasts need to be
quantified. Risk assessment therefore provides useful
insights in instances where the probability density function
can be precisely defined [23] and reduces the chance of
failure and maximise opportunities in the projects.

Merely evaluating risk and subsequently controlling
it is not adequate [24]. Formal techniques of risk
assessment are required to make certain that some kind
of regularity and standardisation is achieved by corpo-
rate occupiers.

However, most of these methods are usually difficult,
complicated and costly and therefore the application of
these methods for numerous projects is exorbitant. The
absence of understanding and misgivings as to appropri-
ateness within the built environment professions has also
been recognised as explanations for the sluggish take up
[25].

Usually, when corporate occupiers are faced with an
investment choice under uncertain conditions, their main
concern is to avoid projects whose actual economic
outcome might be less favourable than what is accept-
able, resulting in the risk of missing out on potential
investment opportunities. Thus, the objective of LCC
risk assessment should be to assist corporate occupiers in
evaluating whole life alternatives so that investment
success is maximised.

There are three ways of appraising risk as shown in
Table 2. This includes the deterministic techniques which
evaluates the influence on project results of altering one
undefined significant value or an array of values at a time
and the occupier ascertaining the level of uncertainty on a
biased underpinning, while quantitative approaches are
established on the supposition that no lone value can
sufficiently characterise the extensive possibility of likely
results of an uncertain investment [27].

Instead, a great amount of substitute results needs to be
well-thought through and each likelihood should be com-
plemented by a concomitant possibility from a probability
distribution, supported by a numerical and arithmetic
examination to quantify the level of uncertainty [28]. The
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Table 2. Risk assessment methods in LCC.

Deterministic Qualitative

Quantitative

Conservative benefit and cost Risk matrix

estimating
Break-even analysis

Risk-adjusted discount rate Event trees (qualitative)

Certainty equivalent technique
consequence

Sensitivity analysis and net Risk scoring
present value

Variance Brainstorming sessions

Risk registers coefficient of variation

SWOT analysis and likelihood /

Input estimates using probability
distribution

Mean—variance criterion
Decision tree analysis and Fuzzy sets theory

Simulation (Monte Carlo/Latin hypercube
simulation)

Mathematical /analytical technique

Artificial intelligence

Source: Marshall [26].

qualitative approaches vary from the former methods as
they utilise qualitative methods to resolve risk and
improbability in LCC examination.

2 Research methodology

A sample of 120 organisations were electronically emailed
questionnaires in the UK with 69 responses thus signifying
a response rate of 57.5% which is in line with the views of
Akintoye [29] and Dulami et al. [30]. The adoption of
stratified random sampling allowed the researchers more
control over the eventual sample to ensure it reflected the
makeup of the overall population whilst also minimising
the possibility by bias by ensuring every item of the
population had an equal probability of being selected [31].

As with previous LCC studies examining industry
practice [32-34] the need to ascertain the extent of the use
of LCC as an early stage project evaluation tool called for a
quantitative research design that made use of a measuring
instrument that allowed data to be collected from a large
number of practitioners in the field.

Cresswell [35] indicated that the most appropriate data
collection tool to use for this element of the study was a
questionnaire survey. The design and use of such an
instrument enabled the study not only to ascertain the
extent of the use of the LCC risk assessment methods in
practice but also to uncover the significance of the key
advocated benefits of risk assessment in LCC identified
from the literature.

Following the piloting of the questionnaire, it was
resolved to develop a random sample of survey participants
by using Building Magazine's published lists of the top 100
cost consultants, architects, multi-disciplinary and contrac-
tors' organisations operating across the UK. As Higham et al.
[33] attest, Building's top 100 lists are sufficient in size to
allow the whole population to be contacted within the time
scale and cost limitations faced by the majority of researchers.

To ensure the validity and reliability of the research
findings, the Cronbach's alpha coefficient and the skewness
and kurtosis test were used. The Cronbach alpha values of
all the wvariables showed that the values were all
statistically significant at 0.084. The result suggested that
the instrument (questionnaire) is highly reliable and that
there is an internal consistency of the items included in it.

This is judging from the fact that the reliability figure
obtained is substantially higher than 0.7 (84.0% > 70%)
required in statistical analysis [36]. Akintoye [29] also
adopted the approach to test the reliability of the Likert-
type scale. The larger the value, the better the reliability in
each component.

Similarly, the measure of skewness and kurtosis showed
that all the data set in the study look the same to the left
and right of the centre point and the data has a distinct
peak near the mean, decline rather rapidly with heavy tails
thus validating the results of the study (see Figs. 1 and 2).

The questionnaire comprised three main sections each
exploring different parts of the research question. The first
section sought information on the respondent's profile as
shown in Tables 3-5.

The second section gauged the current level of
awareness and usage of risk assessment methods in LCC
and a test of hypothesis to determine if it is important to
integrate risk assessment methods into LCC (see Tables 6
and 7). The third section ranked 8 key advocated benefits
of risk assessment in LCC identified from the literature (see
Tables 8 and 9). The questionnaire responses were assigned
numerical codes and the data was analysed using
descriptive and inferential statistics (factor analysis) in
SPSS 22.

3 Discussion and results

Table 3 indicates most respondents 28 were quantity
surveyors in the construction industry, 26 were builders,
while 9 were facilities managers. Also 4 were estate surveyors
while 2 were architects. As the versatility of the respondents is
reasonably well-thought-of, opinions and views obtained
through the survey can be regarded as important and reliable.

Table 4 indicates most respondents 35 have over 11
years' experience working in the real estate, 20 has industry
experience ranging between 6 and 10 years, while 14 have at
least 5 years or less. Majority of respondents had
reasonable experience in sustainable construction which
further shows that respondents are sufficiently experienced
enough to provide data which are credible.

Table 5 result shows that 36 of the survey participants
were members of the RICS and 22 were members of
the CIOB. Similarly, 11 were members of the BIFM.
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Fig. 2. Measure of kurtosis.

Table 3. Professional background of respondents.

=@ Series]l ==@=Series2

Participants Frequency Percent Valid percent Cumulative percent
Valid Quantity surveyors 28 40.6 40.6 40.6
Builders 26 37.7 37.7 78.3
Architects 2 2.9 2.9 81.2
Facilities managers 9 13.0 13 94.2
Estate surveyors 4 5.8 5.8 100.0
Total 69 100.0 100.0
Table 4. Years of experience of respondents.
Frequency Percent Valid percent Cumulative percent
Valid 0-5 14 20.3 20.3 20.3
6-10 20 29.0 29.0 49.3
11 and above 35 50.7 50.7 100
Total 69 100.0 100

The relevance of professional institutions cannot be
over-emphasised as they promote the development of
constructive initiatives in real estate risk assessment. Thus,
all respondents being members of relevant professional
bodies further lend credence to the credibility of the

research.

4 Risk analysis methods need to be

integrated into LCC

The responding construction professionals indicated that
there was a need to integrate and incorporate risk
assessment methods into LCC as 65 and 4 of respondents
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Table 5. Professional qualifications of respondents.

Professional institutions Frequency Percent Valid percent Cumulative percent
Valid RICS 36 52.2 52.2 52.2

CIOB 22 31.9 31.9 84.1

BIFM 11 15.9 15.9 100.0

Total 69 100.0 100.0

Table 6. There is a low level of awareness and usage of risk analysis methods in LCC.

Frequency Percent Valid percent Cumulative percent
Valid Agree 4 5.8 5.8 5.8
Strongly agree 65 94.2 94.2 100.0
Total 69 100.0 100.0
strongly agreed with this statement (Table 6). Still, risk is N P g n
either ignored or dealt with in an arbitrary fashion, such as Vib)=01-1) n—1 f= N
adding a nominal contingency value on to the forecasted
cost of the investment decision. N 69 \ 0.12 x 0.88
Many now see that such an imprudent way in dealing V(p)=(1- 250 69 — 1
with risk is unacceptable and that a more methodological
approach is required. Nevertheless, the provision for V(fo) = 0.0009
improbability in cost appraisal and forecasting is yet to
be add d. — 0.12-0.5
e addresse Zy = |p — pol _ | | _ 1967

5 Test of hypothesis for risk assessment
methods

Hypothesis can be defined as a procedure that allows
us to know whether or not possible relationship exist
between two or more variables. A statistical hypothesis
is an assertion or statement about a probability distribu-
tion or about population parameter(s). The Hypothesis
tested in this study is to determine whether or not it is
important to integrate risk assessment methods into LCC

Hy: Proportion of respondents who said it is not
important to integrate risk assessment methods into LCC
is equal to 0.5

H;: Proportion of respondents who said it is important
to integrate risk assessment methods into LCC is less than
0.5

Hy: P=05
Hy: P<0.5,

P is the proportion of respondents who said it is not
important to integrate risk assessment methods into
LCC; P is estimated by P; where n' is the number of
respondents who said it is important to integrate risk
assessment methods into LCC; n is the total number of
respondents sample

Zy = Zpos = 1.64 (Single tailed test).

Hence, Z, > Z,. Thus H, is rejected and H; is accepted.
That is, it is important to integrate risk assessment
methods into LCC.

6 Benefits of the application of risk
assessment methods

The benefits of the application of risk assessment methods
in LCC were ranked using factor analysis. Factor analysis is
a multivariate statistical technique for examining the
underlying structure or the structure of interrelationships
(or correlations) among a large number of variables [37].
This analysis yields a set of factors or underlying
dimensions which, when interpreted and understood, describe
the data in a parsimonious but more meaningful number of
concepts than the original individual variables (Table 7).
This analysis was performed with the assistance of
SPSS Statistics v22. Kaiser—-Meyer—Olkin (KMO) measure
and Bartlett's Test of Sphericity were conducted to
examine the sampling adequacy, ensuring that factor
analysis was going to be appropriate for the research [38].
From Table 7, the following factors were the most imp-
ortant benefits of the application of risk assessment methods:
— Risk assessment augments the accuracy of cost forecasts,
accelerating the integration into the examination of
unanticipated happenings all through the life cycle of the
building.
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Table 8. Total variance extraction method: principal component analysis.

Component Initial Eigenvalues

Extraction sums of squared

Rotation sums of squared

loadings loadings
Total % of Cumulative % Total % of Cumulative % Total % of Cumulative %
Variance Variance Variance

1 1.799 19.992 19.992 1.799 19.992 19.992 1.424 15.824 15.824
2 1.463 16.253 36.245 1.463 16.253 36.245 1.384 15.376 31.200
3 1.443 16.033 52.278 1.443 16.033 52.278 1.267 14.073 45.273
4 1.009 11.209 63.487 1.009 11.209 63.487 1.226 13.625 58.898
5 .881  9.784 73.271 .881  9.784 73.271 1.036 11.510 70.408
6 758  8.419 81.690 758  8.419 81.690 1.015 11.282 81.690
7 .660  7.329 89.018

8 .559  6.206 95.224

9 430 4.776 100.000

— It allows the decision-maker to answer a series of 'what if
questions with respect to the various options under
consideration.

— It is important for minimising losses and increasing
profits.

— it helps to reduce the chance of failure or to maximise
opportunities in the projects).

The above factors resulted with eigenvalues greater
than 1, capturing 63.487% of total variance as shown in
Table 8.

The value of KMO is 0.524, which is above Kaiser's [39]
specification of 0.5. Therefore, the results shown in Table 9
proved that all the factors presented an adequate
reliability. The four factors earlier mentioned however
stood out as crucial and pertinent benefits of the
application of risk assessment methods. The factor scores
were generated by using the Bartlett method which
calculates for each response, the “weighted sum” of their
standardized value for every variable multiplied by the
corresponding factor loading of the variable.

7 Conclusion and recommendations

As discussed above, there is a low awareness and usage of
risk assessment methods in LCC. It is also expedient to
integrate these methods in LCC calculations in order to
improve the precision of forecasts for corporate occupiers.
Failure to do this would result in not reaping the benefits of
the LCC applications, as cost computations would be
inexact. Applying these procedures and steps would
augment the accuracy of cost forecasts, accelerating the
integration into the examination of unanticipated happen-
ings all through the life cycle of the building.

Dealing with risk in LCC should be the cornerstone of
the corporate occupier's approach to LCC decision making
as the risk and uncertainty of forecasting has always been a
key problem with practitioners, so by providing informa-
tion and quantifying the risk elements, corporate occupiers
should be more confident in the information that LCC can
provide.

Table 9. KMO and Bartlett's test.

Kaiser—-Meyer—Olkin measure of sampling adequacy  .524

Bartlett's tet of sphericity =~ Approx. Chi-square ~ 58.038
Df 36
Sig. 011

In response, a number of remedial actions have been
suggested such as the development of a standardised LCC
approach integrating risk assessment methods. Similarly,
professional organisations like the RICS could encourage
increased LCC education for their members. This research
has drawn attention to the importance of dealing with risk
as risk assessment is one of the important issues facing
building assets corporate occupiers today. As spending on
building assets rises, corporate occupiers become increas-
ingly worried about LCC optimisation throughout the life
span of facilities; consequently, they become highly
vulnerable to the risk of operational costs.

Thus, the objective of LCC risk assessment should be to
assist corporate occupiers in evaluating whole life alter-
natives so that investment success is maximised. The key to
successfully harnessing the anticipated benefits is to build a
LCC framework that requires from the occupiers nothing
more than they presently can provide.

This can be achieved through the use of a variety of
techniques ranging from simple deterministic approaches
to uncertainty assessment (e.g. sensitivity and break even
analysis methods which are easy to use and understand and
require no additional methods of computation beyond the
ones used in LCC analysis), to very sophisticated methods
based on probabilities, artificial intelligence (AI) and a
hybrid of both techniques.

This paper has gauged the current level of awareness,
usage and given an overview of the advocated benefits of
risk assessment methods in LCC with suggestions on how
its implementation can be improved. This has led to the
identification of the most relevant benefits facilitating its
implementation.



O. Oduyemi et al.: Sust. Build. 1, 3 (2016) 9

This would effectively allow researchers to be more

aware about the benefits expediting the frequent applica-
tion of LCC risk assessment methods. It is hoped that as a
consequence, the industry will make constructive strides
towards application of these measures as a mechanism for
considering the cradle to grave implications of their work.
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