Risk analysisin the theory of Whole Life-cycle Costing

Ing. Jan Vogl

Supervisor: prof. Ing. Karel Macik, CSc.

Abstract

This paper deals with the whole lifecycle costing (WLCC) on the example of construction
industry because WLCC methods is well elaborated in this area. The paper also highlights the
importance of risk analysis, fundamental division of the analysis techniques and describes
closer techniques which are used most frequently. In conclusion examples of risks are
mentioned that may occur by the supplier or customer during execution of orders.
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1. Introduction

The work deals with the whole life cycle costing (&@C) product in construction. It also

pays attention to the analysis and risks monitoring

The construction industry has recently made a sogmt shift in its approach to delivering

products and achieving customer satisfaction. Wherthe past, design and construction
teams have place great emphasis on the construatibnildings at the lowest investment
costs it starts to prevail the effort to consider whole life-cycle costs of buildings.

2. WLCC in buildings

Whole life cycle costing is a relatively new contepconstruction, although this concept is based o
analytical methods that have existed for severalget is the developed life-cycle costing (LCC),
which are now commonly used in many areas of puydsbhicurement.

Clients now want buildings that show value for mpiethe long term, and not only interested in the
design, which is the cheapest. These changesedréss importance of a whole life cycle approach
(WLCC) and led to innovations in design construttand operation of buildings. This process was
initiated by the client together with an increasimgmber of buildings acquired as part of Public
Private Partnership mechanisms (PPP) led projeticipants to a greater interest in the decision-
making procedure WLCC. One of the causes of tleeinipopularity WLCC is that it provides a more
accurate value of long-term cost effectivenesshef piroject than standard economic methods that
focus only on the initial and operating costs witta short time. WLCC provides important
information about the projects that are procuredeurthe PPP, which requires long-term forecast of
the cost of providing services to be contracteédn@ard cost and value analysis techniques are
typically used to quantify and evaluate the ecomoimipact of building design. These techniques
provide a basis for decisions on project cost. Hawnethey often do not take into account many
parameters that can affect the present value opithject or its cost. Unfortunately, current method
often can’t consider a crucial risk in pursuit osbenefit analysis. Investments in buildingslars
term and involve some degree of uncertainty overlite of the building, operation and maintenance.
If there is considerable uncertainty about the ewst time information, then WLCC analysis may
have little value for deciding if this fails to ®knto account. It is therefore important to asghes
degree of uncertainty associated with WLCC res@tsthat the following additional information into
account in decision making.



3. Analysisand Risk Management

Unfortunately, the current calculation method cawtisider the crucial risks in the cost analys$is i
reason why the risk analysis and risk managementimportant for consideration in framework of
WLCC process throughout the whole life cycle oflthnig assets. In estimating the WLCC budget for
construction activities there is uncertainty abalmost every estimate or input data to be used in
models to calculate WLCC. Estimated budget by WL€&ubject to change due to uncertain events
that may affect the development and operation sétas It is therefore of utmost importance that the
influence of these uncertainties on the budget lYC® was assessed along with the strategies for
mitigation of these risks.

3.1 Risk assessment of WL CC isnecessary for thefollowing reasons:
— Data used to calculate WLCC are based on estimates,

— The uncertainty due to the scale of the project,

— The return on the cost and time uncertainty

— Uncertainty about the operating conditions,

— Uncertainty in investment indicators (taxes, indat etc.).

The above factors contribute to the uncertaintygetidalculations WLCC budget estimates during the
design phase.

Life Cycle Costing is trying to calculate the fuguit is necessary to estimate a long time marthef
above factors, such as operating costs and mamterasts, discount rates and the inflation ratfit

or disposal. Given that there are insufficient ddtea measurement uncertainty in the informatioth an
data critical to the successful implementationfefdycle costing.

Risk management is a continuous process that oataiklife cycle stages of construction. Riskslan
opportunities are evaluated in a feasibility stutlige overall risk analysis is done at the desiggest
and entering the building, during the implementatend use. Risk variable is the sum of the
probability that the risk of becoming plus worthdafmage.

3.2 Risk management involves two basic procedures:
* Risk analysis

» Monitoring of risks.
Risk analysis consists of:

« Identification of risk (based on experience frpravious projects)

» Risk assessment - identifying the possibilitydaimage and the expected (based on statistical
calculations or expert estimates)

* Responding to risk (to find answers to the risletified).
Risk evaluation can be made quantitative (prokgbitilue and a loss is determined numeric variable)
or qualitatively (evaluation of the probability sedy an expert).
Responses to risk can be:

* Admission of risk

« Transfer risk to another entity (eg insurance)

* Reducing the risks - design measures that rethécprobability or loss

* Avoiding risk

« Creation of reserve (time, cost, source)

 Contingency plan (contingency plan) in casertbleoccurs.
Every action comes with a cost — their amount ghaot exceed the quantity of risk (eg insurance).
In the process of tracking identified risks, whettie changed value of risk (change in the conualtio
leading to the possibility of scaling or loss), wier a new risk is discovered, whether the risk
persists, whether is actual to implement measuressponse to the risk (eg an insurer). The doctimen
which contains a list of all of the observed riskknown as risk register.



3.3 List of recommended methodsfor risk analysis

Recommended methods for risk analysis when calogl#te total cost of construction - for
gualitative risk assessment (techniques that usiective scoring techniques):

» Brainstorming sessions
* Risk matrix

* Risk scoring

* Eventtree

* SWOT analysis

Recommended methods for risk analysis when calngl#te total cost of construction - for
guantitative risk assessment (statistical and fitibic approaches to quantification):

» Atrtificial intelligence
* Fuzzy sets theory
* Simulation Monte Carlo

* Mathematical/analytical technique

4. Supplier risks

In most contracts of building construction the caator bears most of the risks associated with the
construction phase but the responsibility of carttaresponsible for the entire life of the builgliis
relatively low. However, in PPP projects, the dita is different; the supplier carries more risks
during use and therefore its overall risk throudttiba life cycle increases.

In the current contracts the risk is placed onmamiors and major risks should include the follayvin
labor, material and equipment, availability of miaely. Availability and quality of labor, material
and equipment can have serious consequences forONVa@l success of the project during
construction. Currently, the availability of skifldabor represents serious risk for project andyman
projects are affected by this problem which leadsasst overruns.

Industrial disturbances

The risk of a strike of workers on site may havgatie consequences for the calculation WLCC. The
existence of salary negotiations with the unions sizbstantially reduce this risk. Bad links on sfte

can easily lead to problems.

Coordination of subcontractors

This risk has been identified particularly with aed to professional subcontractors. Failure to plan
their work can lead to critical delays and costroves WLCC. The work of professional contractors
can represent a high percentage of total capitisco

Health and safety

Compliance safety and health is not just a legalirement but also an important component of risk
reduction during construction. A strict securitgirae will help the contractor to comply with thevia
while reducing the risk of accidents and the cdst@wvntime from work because of their non-
compliance.

Performance

Risks associated with poor execution can make pnabinot only in the construction phase but also
throughout the lifetime of the building. In the struction phase poor performance leads to revision
the project and increase costs, but over the fifdnv@ construction this bad work could contribute t



the overall failure. Design directly affects WLCEdause it is closely related to the life of comptuge
and buildings.

5. Risk customers

Risks to the customer during construction are het $ame as the risk for suppliers. Risks for
consumers are obvious in the time of building zailion when it is necessary to count with fundifig o
rent and further development. In PPP projects ctiemt assumes that the risk is reduced. The main
risks for the client during the construction phaselisted below.

Poor quality advice

If the advice provided to the client on the wroegedl, then it could lead to improper management
practices in the construction phase, improper pesoent, failure to provide required level of qualit
of buildings and too expensive to build, which vrlévitably lead to higher WLCC.

Profit is lower than expected.

The potential opportunity that construction willtrdaring the expected income over the life of the
building can bring considerable risk, particulavijth regard to the agreed project funding. Many
WLCC calculations which expect these revenues vercoosts represent such a risk.

Delay in completion
These risks are similar to those already mentiofiéed delay, which could be caused by defects,
industrial disputes, poor work and financial probdg it may again lead to an increase WLCC.

Unforeseen costs of the project

Include particular deviations from the original jet, but may also include the cost over the lifet]
as a direct result of the construction cost, théedwe design of specific defects and faulty
construction. The unforeseen costs of the projemtiine re-assessed in WLCC model.

6. Summary

WLCC provides a more accurate value of long-terst effectiveness of the project than
standard economic methods that focus only on titialiand operating costs within a short
time. Unfortunately, the current calculation mettvadh 't consider the often crucial risks in

the implementation of cost analysis, so the risklysis and risk management are important
methods in decision-making in the framework of WL@@Gcess in the construction industry,
but also in other industries. Risk managementasrdainuous process that occurs in all phases
of building life cycle (product).
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