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Introduction

In 2006 the European Commission appointed Davis Langdon from the UK to undertake a
project to develop a common European methodology for Life Cycle Costing (LCC) in
construction. The project: “Life cycle costing (L CC) as a contribution to sustainable
construction: a common methodology” No. 30-CE-0043513/00-47, commenced in January
2006 and the work was concluded in March 2007 with the presentation to the Commission of
adraft Methodology (A common European methodology for Life Cycle Costing — hereinafter
referred to as the M ethodol ogy)and supporting material.

This report describes all the research activities leading to the development of the
Methodology. It summarises the findings of the work and draws conclusions about the form
and content of the M ethodology and related Guidance and Case Study material which are
available separatdly.

This Draft Final Report should be read in conjunction with all accompanying documents:
1 Appendicesto this Final Report (presented as a separate document), covering:

0 A —Record of Advisory Pandl meetings

0 B —Content of research interviews and analysis of results

0 C—Questionnaire survey and analysis of the results

0 D —User groups and analysis of the findings

The Literature Review

The Methodology (A common European methodology for Life Cycle Costing)

The Guidance on use of the Methodology and its application in public procurement
The Case Studies of the application of LCC in construction (as an Annex to the Guidance
document)

1 A process map for the application of LCC in construction

1 The Specification Framework for Software Devel opment.

It isintended that this Draft Final Report will be finalised following the project Validation
Workshop on 16 April 2007 and receipt of final comments from the Commission.

Background

The origins of the project lay in the Commission’s Communication ‘ The Competitiveness of
the Construction Industry’ COM (97) 539 of 4.11.1997
http://europa.eu.int/comm/enterprise/constructi on/compcom/compcom.htm which identified
the need for improvements in the competitiveness of the construction sector. More
specifically, one of the key ways of improving competitiveness was considered to bethe
implementation of life cycle cost tools and criteriain al key phases of the construction
process. By taking into account not only initial costs but all subsequent costs, clients could
undertake a proper assessment of alternative ways of achieving their requirements whilst
integrating environmental considerations.

This finding was supported by the recommendations of the Sustainable Construction
Working Group established to help take forward key dements of the Competitiveness study.
The Commission Communication COM (2004) 60 of 11.02.2004 http://europa.eu.int/eur-
lex/en/com/cnc/2004/com2004_0060en01.pdf on the thematic strategy on the urban
environment outlined the need to develop a common methodology at European level for
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evaluating the overall sustainability performance of building and construction, including
their life-cycle costing. It was felt that the construction sector and its clients (and, in
particular, public procuring authorities) could help improve the sector’ s environmental
performance and realise potential cost savings by concentrating on the early integration of
environmental considerations in the construction cycle.

As afollow up to the above Communication, the Commission convened a Task Group
comprising of representatives from construction industry, national administrations and
research institutions with the scope of elaborating recommendations and guidelines on Life
Cycle Costing (LCC) aimed at improving the sustainability of the built environment.

These recommendations proposed that a Task Group (TG4) be established to prepare a paper
on how Life Cycle Costing could be integrated into European policy making. The Task
Group's paper* recommended the development of a common LCC methodology at European
level, incorporating the overall sustainability performance of building and construction.

The Task Group recommended the devel opment and adoption of a common European
methodology for LCC in construction taking into account the work done under international
standard 1SO 15686. This methodology should allow for the definition of a harmonised
framework to facilitate the development of software tools to estimate Life Cycle Costs on a
European basis.

The scope of this study was therefore identified as providing an analysis and evaluation of
the different national approaches for LCC, aswell as daborating an approach for the
estimation of Life Cycle Costs and related indicators for buildings and constructed assets
which could be of added value at EU level. The work was intended to focus on practical
guidance on how to refine LCC estimates at each stage of construction projects, from the
initial appraisal up to the completion and post-occupation phases, including the disposal of
the asset.

An EU approach for LCC isintended to support both the public and the private sectors,
although it would primarily address public contracting authorities. In particular, the outcome
from the study would support incorporating LCC in public procurement of large scale
projects when the criterion of the Economically Most Advantageous Tender (EMAT) is
chosen.

3 Aims and objectives of the project

The overall aim of the project is to help improve the competitiveness of the construction
sector. To help achievethis aim, the key objectiveis to develop a common methodology at
European level for evaluating life cycle costing (LCC) that will help improve the
sustainability of the built environment. .

The overall objectives of the study are:
1 Improve the competitiveness of the construction industry
1 Improvethe industry’s awareness of the influence of environmental goals on LCC

! Task Group 4: Life Cycle Costsin Construction; Version 29 October 2003, Enterprise Publications, European Commission.
Endorsed during 3" Tripartite Meeting Group (Member States/Industry/Commission) on the Competitiveness of the Construction
Industry. See http://europa.eu.int/comm/enterprise/constructi on/suscon/tgs/tgd/Icalccintro_en.htm
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Improve the performance of the supply chain, the value offered to clients, and clients
confidence to invest through a robust and appropriate L CC approach

Improve long-term cost optimisation and forecast certainties

Improve the reliability of project information, predictive methods, risk assessment and
innovation in decision-making for procurement involving the complete supply chain.
Generate comparable information without creating national barriers and also considering
the most applicable international developments.

Outputs from the project

Thefollowing outputs were planned as aresult of the research activities on this project:

Literaturereview —asaresult of acritical review of the LCC methodologies, guidelines
and tools existing or under development in the EU Member States or esewhere. The
review covers arepresentative number of national cases in Europe, including those from
the United Kingdom, Germany, the Netherlands, Sweden, Finland, Norway, Ireland, Span
Greece and Czech Republic. The review explains the scope and the extent of the different
approaches and assesses their methodol ogies as well as the robustness of models used and
the relevance of results to those to whom they are addressed. It also provides an
indication of the user-friendly orientation of supporting software tool, their architecture,
the levels of aggregation of the information, the transparency of the assumptions and
calculation methods, the compatibility with other software and the potential
transferability to other national contexts.

The L CC methodology — developed on the basis of the results of the Literature Review
and fieldwork to establish common elements of good practicein LCC in construction in
selected EU countries. The requirements of a possible EU common methodology were
intended to cover, inter alia, simplicity of use, transparency of information about cost and
indicators calculations, reliability of data and information used or generated as well as the
interface with national input/data. The methodology was also intended to provide details
on how all stages of the project life cycle and the basic elements of the constructed asset
or facility would be dealt with at different levels of decision making or appraisal:
strategic, system and detail level. It was also intended to comment on possible thresholds
for the scale of projects that should be subject to LCC, in particular for the purpose of
public procurement.

A set of six case studies— intended to test and validate the above-mentioned EU common
methodology. A cross-section of case studies from different EU Member States was
targeted, and the intention was to include some 4 public procurements and 2 private
projects.

A practical guide on the application of the above mentioned EU methodology and its use
in the context of public procurement. This document provides guidance on how LCC
might be incorporated into the Economically Most Attractive Tender (EMAT) award
scheme.

A specification framework for softwar e development to support the devel opment of
the onlinetool enabling LCC calculations and analysis to be undertaken that are
consistent with the common M ethodol ogy.

A report from resear ch interviews and on-line questionnair e survey highlighting the
use of LCC in different national contexts and analysing the basis of the decisions guiding
the development of the M ethodol ogy.
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1 Minutesfrom two Advisory Panel sessions—initially guiding the development of the
Methodology and then further advising on refining the Methodology and support
Guidance documents.

1 A report from a Methodology validation process carried out viathree user groups—
one of these was undertaken face-to-face and the other two viatee-conference. A
representative range of public and private stakeholders of the construction sector (at all
relevant levels) were contacted, in order to capture their views of the M ethodology and
associated Guidance. The results of these sessions are assessed and presented in
Appendix D to this report.

1 A report of aone-day evaluation and validation wor kshop — this is being held on 16
April 2007 to present the draft results of the work undertaken and to consider attendees
comments and suggestions for improvement. This report will be added to the Final Report
on the project.

Approach and understanding of the work

The development of the M ethodol ogy and the supporting Guidance as the two main outputs
of this project was driven by factors established in the early stages of the research. Primarily
the status quo of thelife cycle costing processes and procedures varied significantly among
all sample countries. Even within the public procurement sector L CC was often undertaken
in a very fragmented manner without any underlying methodology or standards. Therefore it
was established early in the project that a detailed L CC process map could provide an
underpinning structure and framework for the development of the Methodology and research
effort focused on devel oping this map, based on an analysis of practicein EU Member States
and expert opinion. It was intended to be broadly independent of size and type of project,
being sufficiently flexibleto incorporate arange of project values and circumstances.

The LCC process map devel oped under this project was progressively refined via successive
consultations with experts from Member States —the final version isissued as part of the
Methodology and as a separate document (The Process Map) accompanying this report.

The Process Map breaks down each step/stage of the L CC process and summarises the tasks,
and inputs relevant to individual process steps. Each step/stage also has a list of outcomes,
outputs or decisions expected to be reached before moving to the next step or set of
activities. This underpins the M ethodology developed on this project.

The Guidance document was then develop to illustrate in a practical way how the
methodology may be applied with reference to typical examples of how Life Cycle Costing
(LCC) isused in construction. It pays particular attention to the use of LCC in public
construction procurement, though the principles and key e ements are equally applicable to
the private sector also.

This guidance document is supported by case studies of the application of LCC on a range of
construction projectsin Europe. The case studies cover different approachesto LCC in
different project settings, and illustrate particular instances of the methodology.
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The methodology used

Overview of the study methodology

The methodology for this research consisted of the following activities:

Analysis and evaluation stage with preliminary results

Review of supporting documents — Desk Study 1 (background general literature review
and EU supporting documentation)

Data collection including a review of related literature in the UK and selected EU
countries - Desk Study 2

Data collection including a review of existing LCC models and approaches (via
international visits, telephone interviews, online software assessment and e-mail
guestionnaires)

Assessment of LCC models and approaches against selected criteria (e.g. usahility, cover,
appropriateness, €c.)

Analysis of the existing supporting case studies

Further data synthesis, compilation and analysis

Recommendations for the development of EU-wide methodol ogy

Development of aninitial outline of a specification for a methodology

Initial consultation with the Advisory Group in aone-day focus group style session
First workshop with Commission’s Steering Group

Development of an approach applicable at the European level for estimation of LCC
and related indicator s for buildings and constructed assets.

Development of the specification, usability and guidelines and draft guidelines report
Consultation with private and public stakeholders (via three focus groups and interviews)
Feasibility testing on case studies

Second workshop with Commission’s Steering Group

Draft report containing refinement of the specification of a methodology and
development of interactive functionality of the online specification

Second consultation with the Advisory Group in aone-day group Session

Third workshop with Commission’s Steering Group

One-day evaluation and validation workshop

Finalised project report, specification for an EU methodology, implementation guidelines
supporting the methodol ogy, framework for software devel opment and for interactive
guidance/templates for the effective use of the material developed.

Countries included in the study

The following countries were selected for study:

UK
Germany
Netherlands
Sweden
Finland
Norway
Ireland
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Spain

Greece

Czech Republic
Belgium
France

Work undertaken against work programme
Changes to the programme

Progress during first four months
Our work during the first four months of the study involved:

Literature review

We undertook a systematic literature review of the available material on the topic area
developed over the course of the last three years (extensive literature reviews exist for
publications older than 2002-2003, and we have decided to signpost readers to these reviews
rather than to include their content within the review produced on this study). Through
previous work, we were already familiar with much of the European and international
material on LCC.

Contact with international experts

We established an Advisory Panel composed of LCC and LCA experts draw from a range of
EU Member States who helped identify the status of LCC in their respective countries and
pointed us to other experts and to the relevant national standards, reports and other
documents via a survey we developed for them. They also committed themselves to
commenting on documents produced by the team and to participating in study workshops
(thefirst onetook placein London at Davis Langdon offices on the 19th May 2006).

M ethodology development

As aresult of the contacts with international experts and the panellists as well as with UK
experts and Davis Langdon specialists, we were able to develop a framework for the
specification for the EU methodology ahead of schedule. Wefound it particularly beneficial
asthe Advisory Panellists were given a chance to see the draft specification prior to the
meeting in May 2006 and further commented and discussed it during that meeting.

Proposed changes and justification

Our initial discussions with Advisory Panel members in the selected countries suggested that
the application of LCC was not as widespread across Europe as we had expected, and there
was a limited degree of LCC expertise among many practitionersin EU member countries.
While there was a considerabl e degree of academic-led research activity underway during
theinitial period of this project, the practical applications of LCC on real projects was not
extensive, although there was alot of government support in many countries.

Furthermore, we used our discussions with Advisory Pand members to supplement our
literature review and to inform our early thinking on the broad outline of a possible common
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methodology. In this regard we made more progress than anticipated on the devel opment of
the basis for the specification for acommon EU methodology.

Thisled usto review our forward programme of activities, in particular our planned
interview and questionnaire activitiesthat wereintended initially to test provisional findings
on the factors influencing he use of different LCC approaches. Given the advice of our
Panel on the limited extent of practical application within different countries, and the
progress we made on the devel opment a framework for a common methodology, wefelt that
the proposed interviews and questionnaire survey could be used more effectively to test the
outline methodol ogy framework, rather than solely to identify practice in the different
Member States studied.

Accordingly, we prepared an early draft of the specification for the EU methodology prior to
the panel meeting on the 19 May 2006 for initial discussions at that meeting. Our draft of the
specification for acommon European methodology benefited from experts' commentsin the
early stages of its development. Theidentification of initial issues and opinions, additional
sources of data and suggestions for improvement were invaluable during the progressive
development of the final M ethodol ogy.

Following contributions from the Advisory Panel members on thefirst draft of the outline
Methodology, a draft framework for the Common Methodology was produced and submitted
for further scrutiny to the members of the M onitoring and Steering Group (M SG) assembled
by the Commission for this project. Thiswas reviewed and discussed at the M SG meeting
on 26 June 2006.

At the MSG meeting in June 2006, we also set out our proposals for arevision to the overall
work programme to take account of the fact that we had found it more helpful to develop an
outline framework for the M ethodology early in the study and subsequently to use the
planned fieldwork to test and refine this framework in addition to building a clearer picture
of LCC approaches and practices in the countries selected for study. When contacts in target
countries were approached later in the process rather than earlier, all the visits and interviews
resulted in more in-depth outcomes. During the interviews we covered all issues specified in
our proposal and, in addition, received very helpful comments on the draft specification of
the common Methodol ogy.

Overall, the scope of the project was not changed by these revisions to the work programme,
which principally involved either postponing or bringing forward key activities on the time
schedule.

Extension of time for the final deadline

In December 2007 we informed the Commission that, due to circumstances beyond our
contral, it was very unlikely that we were able to meet the deadline for completion of the
draft methodology prior to the planned Monitoring and Steering Group meeting on the 12
January 2007. Therefore we applied to the Commission for deferral of the January meeting
and extension of the project programme.

The delays we were experiencing were due to a number of factors:

1 Delaysin identifying key experts for participation in our interview survey. We made
extensive enquiries to identify key expertsin different countries. While some of these
experts were known to us, others werereferred by third parties some of whom, following
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lengthy discussions, eventually either declined to participate in the study or referred us on
to yet other experts. Thetime required to draw up an acceptableinterview list was
considerably longer than we had anticipated.

1 Delaysinfinalising interviews due to the availability of experts. In many cases experts
were not always available for interview, dueto their other commitments, and some
meetings were arranged and then postponed to a later date at the request of the
interviewee. Despite having started the process of arranging interviews in August 2006,
the bulk of the interviews were not complete until well into November, and by the end of
the year there were still a small number to finalise. Thisis not to imply any criticism of
those interviewed on this study — to whom we are very grateful for giving up their timeto
contribute their knowledge and expertise to the study — but simply to note that these
experts all had other commitments and, for some, this study was not a priority.

1 Delays caused by the need to monitor updates to ISO 15686 Part 5. This standard is very
important to our study in that it provides definitions for Life Cycle Costing (LCC) that
have the authority of an 1SO standard. It was anticipated that this standard should have
been finalised and agreed during 2006, but it has been the subject of much debate and
dispute at Committee level and which, at the time of writing this report, has not yet been
resolved. The crucial issue concerns the definition of LCC itsdlf; this cameto theforein
our discussions with the Finnish representatives during our interview survey. We spent a
lot more time tracking this activity — and meeting key people involved — than we had
anticipated, and alot of thinking time exploring ways of resolving the impasse. The
Methodol ogy devel oped on this study is based on the terminology defined in the Draft
SO 15686 Part 5.

1 Delay caused by the need to reschedul e the next meeting of our Advisory Pand, at the
request of some key members. We had hoped to hold the next meeting of the Advisory
Panel in December 2006; however we had to re-arrange this for January.

The cumulative effect of these delays— which we estimated to be of the order of some eight
weeks — meant that we did not make as much progress as we had planned with the
development of the outline methodology. Accordingly we requested an extension of time of
some eight weeks to enable usto finalise the specification for the methodology so that we
could capture the views of key experts via the proposed questionnaire survey and user groups
prior to finalising it for submission to the Commission and the MSG. This extension was
granted by the Commission.

The characteristics of the work

Progress and outputs at mid-term (to June 2006)

At the time of the mid-term meeting with the commission and the Monitoring and Steering

Group meeting we had undertaken the following activities and produced the following

outputs:

1 Draft literature review — continuously under refinement and devel opment with more
sources emerging from the member countries while additional LCC experts are contacted.

1 Advisory Panel meeting on 19" May 2006 in Davis Langdon offices in London - the
agenda and minutes are enclosed in Appendix A.

1 Anoutline of the methodology — this was developed in order to make most use of the
proposed consultations with key stakeholders. It also helped to identify key issuesin the
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further development of a new common LCC methodology, as well as providing an outline
framework for the further development and practical use of theM ethodology. The
approach was initially introduced at the Advisory Pand meeting and subsequently
discussed with the Commission prior to the June MSG meeting.

Consultation with other UK experts outside the Advisory Pand members— LCC tools
were continuously being researched and developed by BRE (Building Research
Establishment) and a number of cost consulting companies had devel oped in-house
modelsfor LCC. We carried out additional interviews with these organisations as well as
with own in-house experts and gained their comments and views which were incorporated
into the outline methodol ogy.

Assembling a portfolio of contacts — in the course of enlisting the Advisory Pand
members and the literature review we contacted many authorities, L CC experts and
practitioners and briefed them initially about the project. At that point they were keen to
support the development of a new Methodology and, whilein some casesit proved
difficult to dicit their support within the original time-frame of the project (see also 7.2
above), most of them eventually contributed to the project.

Assembling potential sources of case studies from Sweden, Netherlands and UK — while
building up a network of contacts we approached organisations with potential case studies
of their involvement in LCC. We also identified projects internally at Davis Langdon,
which had been subject to detailed L CC assessments. Some of these projects were
ongoing and it would be necessary at some point to update LCC estimates and to
undertake performance reviews — hence it was felt that these projects could provide a
potentially useful testing ground for the new M ethodol ogy.

Review of thein-house LCC tool at Davis Langdon —we also sought comments from
users on this tool and these highlighted a number of issues which we fell needed attention
in devel oping the framework for the proposed software. The principleissues identified
included flexibility and general compatibility with the organisation’s expertise, security
and data access. Secondary points included the need for auditing, increased reporting and
compatibility with external data sources and the general need to update and adopt new
software techniques.

Progress and outputs during the second half of the project (to February 2007)

At the time of the final meeting with the Commission and the Monitoring and Steering
Group on 13 March we had carried out the following activities and produced the following
outputs:

Further development of the specification for the M ethodology — this was progressively
developed and refined through a series of iterations following:

The MSG meeting in June 2006

Further review by the Davis Langdon project team during July and August 2006
Completion of country visits and face-to-face interviews up to December 2006

The online questionnaire survey in January 2007

The Advisory Panel meeting in January 2007

0 Thefirst user group session in early March 2007

International visits and interviews - in order to test the proposed methodology outline and
further investigate the factors influencing the use of the range of different LCC
approaches and their effectiveness, we undertook a series of telephone and face-to-face

O O O oo
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interviews with awide group of LCC experts and practitioners. We contacted at least 2-4
experts or practitioners knowledgeabl e about the LCC in each of the 11 countries selected
for participation in the study.

Second consultation with the Advisory Panel in a one-day group session in order to
further validate the proposed M ethodology and Guidance. The agenda and minutes are
enclosed in Appendix A (in a separate document — Appendices to the Final Report).
Questionnaire survey (essentially requesting respondents’ opinions on the
appropriateness, completeness and potential usability of the outline M ethodol ogy, as well
as seeking to capture key and national preferences and practices).

User group sessions - we have held three user-group sessions towards the end of the
project. One user group session was carried out prior to the meeting with the Commission
and the MSG in March 2007. The other two took place at the end of March 2007 in the
form of atdeconference. Experts who could not participate sent their comments by e-
mail which were then circulated among others and further commented onprior to
incorporation in the development of the M ethodology.

Development of a framework for software specification — the framework for the
specification of softwareis presented in a separate document under three key headings:

o Summary of function and operation

0 Specific functionality and scope

0o Framework for technical specifications.

Case studies testing the M ethodology — in order to test and validate the feasibility of the
specification for the common European M ethodology, as well as the usability and
relevance of the public procurement guidelines, we invited a selection of organisations to
identify real-project case studies of the application of LCC in construction, on which the
new M ethodology could be tested. We secured 5 public procurement projects and 1
private sector project from different countries (UK, Sweden, Norway, France,
Netherlands and Finland).

Final meeting with the Monitoring and Steering Group and a meeting with the
Commission on 13 March 2007.

Post project verification meeting with EU

Progress and outputs since the final MSG in March 2007

Following our meeting with the Commission and the M SG on 13 March, we undertook to
make a series of changes to the M ethodol ogy document, Guidance document and the Case
Studies. Thisinvolved:

Incorporation of comments and outcomes of the discussion during the M SG mesting into
the M ethodol ogy, and further revisions to improve readability and accessibility

Further development of the Guidance to simplify the presentation and improve the
signposting to the Methodol ogy

Further develop of the Case Studies to present key datain a more consistent and
accessible format.

All these activities have now been completed and final versions of the M ethodol ogy,
Guidance and Case Study documents have been submitted to the Commission in advance of
the evaluation and validation workshop on 16 April. Thereafter, these documents and this
draft report will be finalised for submission to the Commission as the final outputs of the
work undertaken on this project.
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Aggregated comments on the characteristics of work

Our initial work on the development of a common LCC methodology sought to map the
‘domain’ of LCC assessment. We were particularly interested in understanding — initially at
a broad, conceptual level —what should be included in Life Cycle Costing (LCC) as distinct
from what should be included in Life Cycle Analysis (LCA — which focuses specifically on
environmental performance). Given that the development of LCA standards and

methodol ogies is the subject of separate work at EU level, we are keen to define the
boundaries of LCC asit relates to LCA.

Thus we devel oped a schematic (shown in Appendix A) that attempted to identify, at a broad

conceptual level, the main components of LCC and how theserelateto LCA. The main

components of LCC arising from this analysis are:

1 LCC analysis approaches and techniques

1 Datarequirements and formats (including cost classification methods and systems)

1 LCC estimating and cal culating methods, techniques and models

1 IT tools

1 Risk assessment approaches and methods

We analysed and reviewed this further via:

1 A literature review (we produced a separate report on this — see our June 2006 report)

1 Consultation with key country expertsin a workshop environment, and also by
correspondence (thisis described in our Progress Report of June 2006)

1 Consultation with in-house practitioners.

The analysis has resulted in the identification of initial proposals for the key elements of a
common methodology, and these are outlined in the foll owing section.

The key components of acommon LCC Methodology
We see the essential components of acommon LCC methodology to be as follows:

A process model — essentially a model for the practical implementation of LCC that presents
a decision process, together with the necessary criteria, analysis tools and techniques that
will enable the user to undertake an effective LCC evaluation.

Common uses of LCC - these aretypical project examples that take account of different
user requirements at different stages in the project life cycle. The number of possible user
examples derived from the issues and decisions matrix is potentially large, and selecting
typical common uses provides a means of focusing the methodology on the most likely
applications.

Data requirements and Cost classification — the data required for LCC and the waysin
which cost data can be classified to aid analysis and comparison are an essential part of the
common methodol ogy, although we have realised that it is practical, feasible and acceptable
to determine new standards for data and cost classification.

Economic and Financial Analytic tools— the methodology has incorporated a range of
economic, financial and other analytic tools and techniques. The selection of these tools and
methods was guided by common uses and real-life applications.
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Other Analytic and evaluation tools — including sustainability assessments, risk analysis,
sensitivity analysis, IT tools and other techniques had to be identified and positioned in the

common methodology and, in so far as possible, integrated within it.

Applicability to public procur ement — the methodology has incorporated the variety of
approaches of public procurers, as identified in the sample countries. The methodology can
also be used in the selection of tenders govern by EMAT.

Collaboration during the project

The project was met with enormous interest from the LCC community in all sample
countries. The following individuals and organisation were contacted during the course of
the research and took part in the variety of meetings, interviews, telephone conversations or
were respondents to the questionnaire.

Belgium

Jean-Francois ROGER
FRANCE

jfrf@greenarch.be

Architecte MA
GREENARCH Architecture

Czech Republic

Petr Hajek

hajekp@fsv.cvut.cz

Czech Technical University
in Prague

Czech Republic

Vaclav Beran

Beran@fsv.cvut.cz

Czech Technical University
in Prague
Faculty of Civil Engineering

Czech Republic

Martin Casensky

martin.casensky@fsv.cvut.cz

Czech Technical University
in Prague
Faculty of Civil Engineering

Czech Republic

Martin Vonka

martin.vonka@fsv.cvut.cz

Czech Technical University
in Prague
Faculty of Civil Engineering

Czech Republic

Jana Korytarova

korytarova.j@fce.vutbr.cz

Institute of Structural
Economics and
Management, Faculty of Civil
Engineering, Brno University
of Technology

Czech Republic

Dr. Alena Ticha

ticha.a@fce.vutbr.cz

Institute of Structural
Economics and
Management, Faculty of Civil
Engineering, Brno University
of Technology

Czech Republic

MD - Mr. Sobola

sobola@tzus.cz

Czech Ministry of trade and
industry (SC)

Czech Republic Prof. Teply teply.b@fce.vutbr.cz
Czech Republic | Lucie Stuchlikova lucie.stuchlikova@cityplan.cz City Plan
Czech Republic | Ivan Benes ivan.benes@cityplan.cz City Plan

Finland

Pekka Montian

Vice president of CEEC

Finland Martti Hekkanen Martti.Hekkanen@vtt.fi VTT
Finland Mr. Olavi Tupamaki Olavi.Tupaméaki@uvillareal.fi Villa Real
Finland Dr limari Absetz !Imari.Ab_setz@tekes.fi _ Tekes, The National
Jarmo Heinonen jarmo.heinonen@tekes.fi Technology Agency
Finland Mr. Sakari Pulakka sakari.pulakka@vtt.fi VTT
Finland Petri Jaarto petri.jaarto@motiva.fi Motiva OY
City of Helsinki - PWD-
Finland Palvi Holopainen palvi.holopainen@hel.fi Construction Managment
Division
France Mr. Orlando Catarina orlando.catarina@cstb.fr CSTB
France Axel Bellivier axel.bellivier@edf.fr Electricite de France

Recherche et
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Développement

Ecole d'Arch.ure de

France Alain Chatelet alain.chatelet@toulouse.archi.fr Toulouse
France F.C Cherqui fcherqui@univ-Ir.fr Université de La Rochelle
. pierre.fernandez@toulouse.archi.f | Ecole d'Arch.ure de
France Pierre Fernandez r Toulouse
Electricité de France
France Philippe Freydier philippe.freydier@edf.fr Recherche et
Développement
Electricité de France
France Didier Larrauri didier.larrauri@edf.fr Recherche et
Développement
- e . Laboratoire d'Etudes des
France Christian Inard christian.inard@univ-Ir.fr Phénomenes de Transfert
France Virginia Meunier virginig.meunier@cerma.archi.fr EEE,[ZASA’ Ecole d'Arch.ure de
France Marjorie Musy marjorie.musy@cerma.archi.fr ﬁgﬁgﬂ:“ Ecole d'Arch.ure de
France Emil Popovici emil.popovici@ensmp.fr ggr'i\éERG Ecole de Mines de
. . catherine.semidor@bordeaux.arc | Ecole d'Arch.ure et de
France Catherine Semidor hi.fr Paysage de Bordeaux
France Philippe WOLOSZYN philippe.woloszyn@cerma.archi.fr EEE,[ZASA’ Ecole d'Arch.ure de
France J. VAREILLES vareilles@etb.insa-lyon.fr -(I;rllze'ltmlaLl center of Lyon,
France Mr. I. Lefevre I.LEFEVRE@bouvques- Bouygues Construction
construction.com
France Pierre Mit pierre@cabinetmit.com
jean-jacques.navarro@gestec-
France Jean-Jacques Navarro rsc.com Gestec & RS Consultants
jean-jacques.navarro@icade.fr
France Dominique Bulle dbulle@mairie-lesmureaux.fr Mureaux Town Hall
France Frederic Bougrain f.bougrain@cstb.fr CSTB
France Jean Luc Chevalier jl.chevalier@cstb.fr CSTB
France Patric Malan p-malan@etde.fr EDTE
France Dominique Caccavelli d.caccavelli@cstb.fr CSTB
Germany Johannes Kreissig j-Kreissig@pe-europe.com Pe-Europe
Germany Anna Braune braune@ikp2.uni-stuttgart.de IKP, University of Stuttgart
Ingo.Hagemann@RWTH- .
Germany Ingo Hagemann Aachen.de Architekturbuero Hagemann
Faculty of Arch.ure and
Germany Lutz Katzschner katzschn@uni-kassel.de Planning
University Kassel
N Institute for Sustainable
Germany Harry Lehmann hl@isusi.de Solutions and Innovations
Germany Barbara Muench barbara.muench@tu-berlin.de Ezﬁﬂ%ﬁf Architecture -
. . Chair for Environmental
Germany Marcus Oetze gﬁzrilgléh(rj\;a. bauwesen.uni- Arch.ure
- University of Dortmund
Faculty of Arch.ure and
Germany Dietrich Schmidt dschmidt@uni-kassel.de Planning
University Kassel
. . . Environmental Arch.ure
Germany Heide Schuster heide.schuster@uni-dortmund.de University of Dortmund
Daniel Technische Universitaet
Germany WESTENBERGER westenberger@Irz.tum.de Muenchen
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Germany Stephan WEISMANN weismann.stephan@zae.uni- ZAE Bayern Am Hubland
wuerzburg.de
Germany Angela STAEHR a.staehr@freenet.de Techn. Universitaet - Berlin
Germany Wolfram Trinius contact@trinius.de Trinius Buro
Germany Holger Konig mail@ascona-koenig.de LEGEP
P P : University of Berlin
Germany Kerstin Lichtenvort Kerstin.Lichtenvort@tu-berlin.de LCC SETAC Working Group
Nils Thamling . .
thamling@berliner-e-agentur.de . .
Germany Mr. Ralf Goldmann - goldmann@berliner-e-agentur.de Berliner Energie Agentur
anager
Germany/Switze . . Alcan Technology &
fland Gerald Rebitzer Gerald.Rebitzer@alcan.com Management/SETAC
Greece Prof. Demos Angelides dangelid@civil.auth.gr
Greece Prof. Dimitris Bikas bikasd@civil.auth.gr
Greece Dr. Yiannis Xenidis ioxen@civil.auth.gr
. . Project Implementation Unit
Greece Spyros Amourgis amougis@eap.ar Hellenic Open Uni
Greece Niobe Chrisomallidou Niobe@ocivil.auth.gr Aristotle U_nl_versr[y of
Thessaloniki
. s . Aristotle University of
Greece Ekaterini Eumorfopoulou | dimitrio@civil.auth.gr Thessaloniki
Greece Evangelos Evangelinos vankelly@central.ntua.gr Uni of Athens
Greece Pipinis Kyriakos kpipin@tee.gr Technical Chamber of
Greece
Greece E. ZACHAROPOULOS zelias@central.ntua.gr School of Architecture - Uni
of Athens
Greece Alexandros TOMBAZIS melititiki@hol.gr Alexandros TOMBAZIS
Thanos .
Greece STASSINOPOULOS delaxo@central.ntua.qr DelaXo Design
Greece Pipinis Kyriakos kpipin@tee.gr Technical Chamber
of Greece
Greece Marc Sparacello MSparacello@terna.gr Terna
Greece Lena Labropoulou llampro@cres.qar CRES (Center for
Renewable Energy Sources)
Greece Evangelos Mathas emathas@cres.ar CRES (Center for
Renewable Energy Sources)
: CRES (Center for
ggian@cres.qgr
Greece lahtecres.ar Renewable Energy Sources)
Ireland Aidan Burke aburke@cif.ie CIF
Ireland Timothy Enright timothy.enright@dit.ie DIT
Ireland Gerard O Sullivan gposullivan@mmp.ie Chairman of CEEC
Ministry of Housing and
Netherlands Axel De Boer axel.deboer@minvrom.nl Spatial Planningand the
Environment
Netherlands Wietze van Houten w.v.houten@planet.nl
Netherlands Wout Buijs wout.buijs@minvrom.nl VROM/Rijksgebouwendienst
Netherlands Karel Valk karel.valk@minvrom.nl Ministerie van VROM
Netherlands Dr. Ir. Tim de Jonge t.dejonge@tudelft.nl Delft University
Netherlands Mark Eligh m.eligh@iospress.com Publisher DUPress
Netherlands Cees Gerritse c.gerritse@bk.tudelft.nl Delft Univeristy
Real Estate Management
Netherlands Prof. Hans de Jonge H.deJonge@bk.tudelft.nl and Project Management,
Delft University
Netherlands W. ZEILER w.zeiler@bwk.tue.nl Bouwkunde
. TNO Building and
Netherlands P. WILDE p.dewilde@bouw.tno.nl Construction Research
Netherlands A.T.M. WESTGEEST a.t.m.westgeest@bk.tudelft.nl TU DELFT
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W/E consultants sustainable

Netherlands E. VRINS vrins@w-e.nl o
building
Netherlands C. VONKEN mhoeben@scheuten.nl Scheuten Solar Systems

B.V.

Netherlands

Arian VAN TIMMEREN

a.vantimmeren@bk.tudelft.nl

Faculty of Arch.ure, Delft
University of Technology

Netherlands

Machiel VAN DORST

M.vanDorst@bk.tudelft.nl

DIOC-DGO Faculty of
Arch.ure

Netherlands

Marinus VAN DER

m.vandervoorden@bk.tudelft.nl

Delft University of

VOORDEN Technology
Netherlands A. RUTTEN a.j.f.rutten@bwk.tue.nl T(_achnlsche Universiteit
Eindhoven
Netherlands P. SAKULPIPATSIN p.sakulpipatsin@bk.tudelft.nl Building Technology
Netherlands H. SCHELLEN h.l.schellen@bwk.tue.nl faculty of Arch.ure building

and pla

Netherlands

M. SCHOFFELEN

m.e.a.schoffelen@bwk.tue.nl

Faculty of Arch.ure, building

and pl
Netherlands Joop SCHOONMAN J.Schoonman@tnw.tudelft.nl [E)ﬁg:g;;s‘t'tme for Sustainable
Netherlands Valerie SEITZ V.Seitz@bk.tudelft.nl Department SOM
Netherlands H. SMULDERS h.l.w.smulders@bwk.tue.nl Bouwkunde
Netherlands B. PETERS b.h.g.peters@bk.tudelft.nl Delit University of
Technology
. Technische Universiteit
Netherlands J. POST j.m.post@bwk.tue.nl Eindhoven
. Technische Universiteit
Netherlands C. PUTS c.j.m.puts@bwk.tue.nl Eindhoven
Netherlands M. RADOSEVIC m.radosevic@bwk.tue.nl TUle
Netherlands P. RAMSAK p.ramsak@novem.nl SenterNovem
Netherlands M. REULEAUX mhoeben@scheuten.nl gc\r;euten Solar Systems
Netherlands F.G.H. KOENE koene@ecn.nl Energy Research Centre of

The Netherlands

Netherlands

A. KOWALCZYK

a.kowalczyk@bouw.tno.nl

TNO-Bouw

Netherlands

Jon KRISTINSSON

Jon@kristinsson.nl

PO Box 5043

Netherlands

Sandra LEE

sandra.lee@wur.nl

Wageningen University

Netherlands

Sandra LENZHOLZER

sanda.lenzholzer@wur.nl

Wageninge Universiteit

Netherlands

I. LICHTENBERG

j.i.n.lichtenberg@bwk.tue.nl

Technische Universiteit
Eindhoven

Netherlands

D. LIMPENS-NEILEN

d.limpens.neilen@ bwek.tue.nl

Eindhoven University of
Technology

Sustainable Energy &

Netherlands P. DE WILDE p.dewilde@bouw.tno.nl Buildings

Netherlands T. DE WILDE tsdewilde@hr.nl Holland Railconsult

Netherlands E. DJUNAEDY e.djunaedy@bwk.tue.nl T(_achnlsche Universiteit
Eindhoven

Netherlands C. DOEVEDANS c.h.doevedans @bwk.tue.nl Technische Universiteit
Eindhoven

Netherlands C. DUIJVESTEIN C.A.J.Duijvestein@bk.tudelft.nl Technische Universiteit Delft

Netherlands P. ENGEL p.vd.engel@deerns.nl Deerns

Netherlands P. ERKELENS p.a.erkelens@bwk.tue.nl Eindhoven University of
Technology

Netherlands M. Hoeben mhoeben@scheuten.nl Scheuten Solar Systems

B.V.

Netherlands

Maaike FRIEDEMAN

Maaike.Friedeman@ Shell.com

Faculty of Arch.ure, Delft
University of Technology

Netherlands

M. HAM

m.ham@ bwk.tue.nl

Technische Universiteit
Eindhoven

Netherlands

M. HEIJLIGERS

M.Heijligers@bk.tudelft.nl

DIOC-DGO Faculty of
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Arch.ure

Netherlands

Joost HEIINIS

joost.heijnis@cepezed.nl

PO Box 3068

Netherlands

Lineke HEINEMAN

r.heijneman@bwk.tue.nl

Technische Universiteit
Eindhoven

Technische Universiteit

Netherlands N. HENDRIKS n.a.hendriks@bwk.tue.nl )
Eindhoven
Netherlands ARIES m.b.c.aries@bwk.tue.nl T‘?Chn'SChe Uniersiteit
Eindhoven
Netherlands ARISMENDY alegrandote@yahoo.com TU Delft
Netherlands BEEREPOOT m.beerepoot@otb.tudelft.nl OT.B Rgsearch Institute/Delft
University
Netherlands BERNS w.berns@novem.nl
. Technische Universiteit
Netherlands BLOK e.djunaedy@bwk.tue.nl Eindhoven
Netherlands BOELMAN e.c.boelman@bk.tudelft.nl Faculty of Arch.ure, TU Delft
Netherlands BOKEL r.m.j.bokel @bk tudelft.nl Delft university of

Technology

Netherlands

BRUIN-HORDIJK

G.J.deBruin-Hordijk@bk.tudelft.nl

Technical University

Building Technology Faculty

Netherlands CAUBERG J.J.M.Cauberg@citg.tudelft.nl of Civil Engineering and
Geoscience
Netherlands DE BOER b.deboer@ecn.nl Renewable Energy in the

Built Environment

Norway Svein Bjoerberg svein.bjoerberg@multiconsult.no Multi Consult

Norway Anne Kathrine Larssen akl@multiconsult.no Multiconsult

Norway Torgeir Thorsnes tt@statsbygg.no Statsbyg

Norway Arne Nesje Arne.Nesje@sintef.no Sintef

Norway Guri Krigsvoll guri.krigsvoll@sintef.no Sintef

Norway Hakon Kleiven Hakon.Kleiven@oppland.org Oppland Fylke

Norway @ivind Jensen oyvind.jensen@nois.no Norconsult

Norway Otto Liebe otto@bygganalyse.no Bygganalise

Norway Hakon Kleiven Hakon.Kleiven@oppland.org Opplandfylke

Spain Rodriguez Jesus jrs-geocisamadrid@dragados.com | Encord - Dragados

Spain Yolanda Garcia _ Vice president of CEEC
Escuela Tecnica Superior de

Spain Ezequiel USON ezequiel.uson@upc.es Arquitectura
Proyectos Arquitectonicos

Spain Teresa ROVIRA trovira@pa.upc.es Manuel Girona 69 b

Spain Rafael SERRA rafael.serra@cal.upc.es Escuela d'Arquitectura
Department de Condi

. Universitat Politecnica

Spain Prof. Rafael Serra rafael.serra@upc.edu de Catalunya
Escuela d'Arquitectura
Escuela Técnica Superior

Spain F. Navier Neila Gonzalez | jneila@ag.upm.es Si@;?gilézggglitécnica de
Madrid

Spain Francesco Monells ?arcelona@edetco.com Davis Langdon Edetco

monells@edetco.com

Sweden Mr Ake Thidell aake.thidell@iiiee.lu.se IIIEE at Lund University

Sweden Ms Eva Sterner eva.sterner@wspgroup.se WSP Group

Sweden Mr Dennis Johansson dennis.johansson@bygatek.Ilth.se | Lund University

Sweden Kerstin Wennerstrand I:er:]sitrll?slrvr\?rslgerstrand@sustalnabl

Sweden Ulla WESTERBERG ulla.westerberg@hig.se Centre of built environment

Uni of Gavle
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Sweden Cristain Suau IBANEZ cristian.suau@usa.net
Sweden Eric JOHANSSON erik.johansson@hdm.lth.se Lund University
Departement of Energy
Sweden I. MARTINAC im@egi.kth.se Technology Sustainable
Building Systems
Sweden Stefan OLANDER stefan.olander@bekon.lth.se Lund Institute of Technology
Sweden Pedersen PERSSON pedersen.persson@telia.com Ped_ersen & Persson
Environm. Management
Sweden Aumnad PHDUNGSILP aumnad@energy.kth.se Royal Institute of Technology
Sweden Hans ROSENLUND hans.rosenlund@hdm.lth.se Lund University
Building and Real Estate
Sweden Héakan Bejrum bejrum@infra.kth.se Economics, Royal Institute of
Technology, KTH
Sweden Mr Ake Thidell aake.thidell@iiiee.lu.se IIEE at Lund University
Technical Manager
Sweden Jonas Graslund jonas.graslund@skanska.se Skanska Bygg AB
Division Bostader Stockholm
Sweden Juri Lutz !ur!.lutz@swmnet.se_ Forum for Building Costs
juri.lutz@byggkommitten.se
: . Bengt Dahlgren AB in
Sweden Anders Nilson anders.nilson@bengtdahlgren.se Gothenburg
Sweden Gdran Hedenblad goran.hedenblad@boverket.se. Boverket
University of Liverpool,
. . a.h.boussabaine@liverpool.ac.uk | Liverpool School of
UK Abdelhalim Boussabaine Architecture and Building
Engineering
UK Richard Kirkham r.kirkham@Iljmu.ac.uk le_erpo_ol John Moores
University
UK Kathryn Bourke kathryn.bourke@fgould.com Faithful and Gould
UK Andy Green andy.green@fgould.com Faithful and Gould
UK Victoria Blake blakev@bre.co.uk BRE
UK Mike Clift cliftm@bre.co.uk BRE
UK Joe Martin jmartin@bcis.co.uk BCIS Executive Director
UK Neal Kalita neal.kalita@davislangdon.com Davis Langdon
UK Simon Rawlinson 2|r?qﬁon.rawllnson@daVIslanqdon.c Davis Langdon
UK Roger Petherbridge Loggrrﬁpetherbrldqe@DaV|sLanqdo Davis Langdon
UK Stuart Axcell Stuart.Axcell@davislangdon.com Davis Langdon
UK Sarah Strickland ;arah.strlckland@dawslanqdon.co Davis Langdon
UK Peter Fordham %eter.fordham@DawsLanqdon.co Davis Langdon
UK Jane Anderson aldersoni@bre.co.uk BRE
UK Benson LAU Benson.Lau@wspgroup.com Benson LAU
UK Clare Manley clare.manley@fulcrumfirst.com Fulcrum Consulting
. Design Commission for
UK Sue Jones sue.jones@dcfw.org Wales
UK Werner GAISER werner.gaiser@bdsp.com BDSP Partnership Ltd
UK Andy FORD andrevv_.ford@fulcrum- Fulcrum Consulting
consulting.co.uk
UK Ed Bartlett ed.bartlett@cyrilsweett.com Cyrill Sweet
UK Paul Wornell paul.wornell@blpinsurance.com BLP Insurance
N/A Campogrande, Domenico | d.campogrande@fiec.org FIEC
N/A Da Costa, Amilcar Amilcar.dacosta@cenorm.be CEN
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N/A Galatola, Michele Michele.galatola@cec.eu.int DG Research
N/A llomaki, Ari Avri.ilomaki@forestindustries.fi CEN TC 350
N/A Joyce Adrian Adrian.joyce@ace-cae.org ﬁgzgltects Council of Europe
N/A Loebel, Olivier contact@ceetb.org CEETB
N/A Lydon, Adele Adele.lydon@cec.eu.int DG Research
N/A Michielssen Jill Jill.michielssen@cec.eu.int DG Env G2
N/A Putzeys, Katrien Katrien.putzeys@bbri.be BBRI
N/A Thibault, Agnés secretariat@eubuilders.org EBC
N/A Tulkens, Philippe Philippe.tulkens@mineco.fgov.be | Belgian Ministry
N/A Vala, Adam avala@tzus.cz Czech Ministry of Trade and
Industry
N/A Vardoulis Michail Michail.vardoulis@cec.eu.int DG ENTR G3
N/A Virtanen Matti Matti.j.virtanen@ymparisto.fi Finnish SCC delegate
N/A Wegefelt, Susanne Susanne.wegefelt@cec.eu.int DG Environment
N/A John Goodall _ FIEC
N/A John Harrower jrharrower@aol.com CEETB
N/A Wim Bakens wim.bakens@cibworld.nl CiB
10 Summary of conclusions
10.1 Conclusions from the review of methodologies, guidelines and tools

Theliterature review identified issues which the project team was attempted to resolve
throughout the duration of the project.

The literature review concentrated on the existing body of knowledge in Europe. There has
been a considerabl e research and development carried out in thefield of LCC in the US,
Canada and Australia. However, because the ultimate aim was to develop a methodol ogy for
the EU member countries, the literature from non-EU countries was only reviewed when it
brought into light relevant issues.

Theliterature on life cycle costing is mostly conceptual in nature and thereis relatively little
evidence about the applications of LCC approaches or about the extent of its use in different
Member States. Instead, the potential benefits of LCC and the technical issues regarding
applying the approach receive most of the attention in the literature. In general, this tends to
focus on LCC calculation methods. Corresponding cost models and cost data are often
considered as commercially sensitive and are not, in the main, widely reported.

Thereis a considerable body of literature relating sustainability assessments on alife cycle
basis (and, in particular, to one of the main assessment methods — Life Cycle Assessment, or
LCA). Some of this (particularly the academic literature) concentrated on the devel opment
and refinement of various assessment models of high levels of technical complexity, albeit
that many such models do not generally penetrate into practical usein construction. Experts
in both LCC and LCA fields tend to agree, however, that it is not generally feasible to try to
merge the available economic tools (LCC) with LCA methods.

Generally, following our investigation of existing practices and case studies across the
countries seected for study, aswell as obtaining contributions from key experts via the
Advisory Panel, the MSG and other sources, it appears that the practical application of LCC
isgenerally at alower level of detail and analysis than applied in the largely theoretical
literature.
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Methods of financial evaluation commonly used concentrate on calculating and analysing
Net Present Value/Present Value (NPV/PV), simple payback (PB), Savings to Investment
Ration (SIR). All these methods are fully explained in the separate Methodology document.

Additionally, only relatively basic sensitivity analysis are undertaken, and typically risk
analysis tends to be mainly quantitative, supported by risk registers.

The selection and use of appropriate rates of discount is extensively covered in the literature,
and the influence of different choices of discount rate on the outcome of the LCC
calculations is also widely covered. However in practice clients and other users of LCC
appear to adopt more generalised approaches. Public sector procurers tend to favour much
lower levels of discount than their private sector counterparts—in some countries the
appropriate public financing authorities (Government Departments of Finance or Treasury)
recommend rates that are typically between 2% and 5% net of inflation —iereal discount
rates). Inthe private sector discount rates adopted tend to be more akin to investment hurdle
rates (and vary between some 2-14% ‘redl’).

Cost and time-based data (ie data relating to material/component durability, maintenance and
operating needs and repair and replacement frequencies) is an ongoing area for research.
Thereisrelatively little published data—and much dispute — on the key life cycle cost
characteristics of constructed assets, and the durability and performance of related systems
and components. What data is available is very fragmented and provided by variety of
organisations. It is often incomplete and presented in a variety of incomparable formats.
Government research organisations and others supporting the devel opment and application
of LCC in construction tend to develop own databases for their particular purposesin their
countries. These databases are sometimes made publicly available for use by others. In
general, however, such datathat is collected by the private sector tends to be freely available
only at an aggregated level that it isinsufficient for detailed life cycle costing. Commercial
databases are available at a price but again they are not compatible between differenet
countries or even between different sectors of construction/building (eg health and education
sectors) within the same country.

In order for the methodology to provide comparable results and outputs a significant amount
of work is needed to normalise data in existing sources across EU member countries. It also
needs to be continuously updated. However thereislittle interest in committing the resources
to development of such common database of LCC data. Thereis however some work
underway on the normalisation of construction cost data. The Code of Measurement for Cost
Planning produced by a CEEC working group creates a co-ordinated overall framework,
enabling exchange of data at high level, while still permitting differing national approaches
and new innovative local developments. The CEEC-Code provides a standard basis for the
sub-division of costs and for measurement of basic quantities of buildings for pan-European
budgeting, comparison and analysis at management level. The structure proposed is
organised to permit the use of existing national classifications at a more detailed level of
information.

Risk evaluation has been researched and analysed in great detail, and within the literature
thereis a clear division of methods into qualitative (risk registers, matrices, etc.) and
quantitative (mathematical modelling of risks with assigned probabilities using mainly
Monte Carlo Simulation) to provide powerful tools. In practicein construction, however,

Davis Langdon Management Consulting May 2007



10.2

Life Cycle Costing (LCC) as a contribution to sustainable construction — Final Report 20

clients tend to use mainly sensitivity analysis—involving calculations using the
likelihood/probability of projected values of key parameters occurring within pre-determined
ranges. Additionally, motive scenarios and analysis of arange of servicelivesisusually
considered as the most informative and useful.

Datafor LCA and sustainability assessment is widely available and quite extensive. Clients
however are mainly concerned with climate change impacts — for which CO, emissions and
energy use are the two main environmental indicators. Some clients are interested in the
monetisation of environmental impacts (sometimes referred to as* environmental costs”)
though the underlying methodol ogies remain superficial and are hotly disputed by
environmental experts and practitioners of LCA in particular. It was identified that a separate
set of considerations governs LCA and therefore no attempts should be made to incorporate
LCA into the new LCC Common Methodol ogy.

Conclusions from investigation and development of the methodology

Theliterature review has marked the extent of the boundaries of the body of knowledge
relating to LCC and sustainable construction. However the field research, involving
capturing the views of LCC practitioners across EU Member States, analysing LCC models
for existing projects and gaining practical knowledge has mainly shaped the proposed new
Common Methodol ogy.

Therange of LCC practitioners consulted included:

1 Experienced LCC practitioners (consultants and contractors) involved in building LCC
models and costing of construction projects and constructed assets/facilities

1 Mangers and directorsinvolved in high level decision making on the basis of the results
of LCC analysis

1 Facility managers running O&M operations and using LCC to ensure compliance/
reconciliation with O&M contracts

1 Theoreticians of LCC

Their experience has helped us to identify and develop a practical and usable methodol ogy.

The extent and variety of circumstances of uses of LCC was somewhat wider than expected,
as LCC models are used for arange of purposes including to inform and encourage public
bodies, to advice clients and policy makers, to support business cases, for comparison of
alternative investment options, for detailed budgeting of selected options, for purchasing
decisions, for assessment of economic life cycle of products, for monitoring of costs, etc.

The variety of uses of LCC in practice means that it is very difficult to specify asingle
approach and we have concluded that no single, prescriptive approach to LCC in the current
European marketplace is feasible. Additionally, we are conscious of the need for the new
Methodology not only to accommodate a variety of practice now but to be ableto
accommodate changing needs and requirements in the future without requiring major
revision. It was also recognised that the new M ethodology should contain checklists, where
appropriate, to ensurethat LCC practitioners consider the same range of factors.

The Methodology also needs to be applicable not only to different periods of time over the
life cycle of a constructed asset, but also at various pointsin the life of the asset. Users may
adopt an approach to LCC at the inception stage, at the design stage, at the stage of bidding
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for a construction contract, at the commencement of construction, at the beginning of an
O&M service contract, at the beginning of a warranty period, etc.

In practice LCC is used for awide range of analysis periods, and the new M ethodology
needs to accommodate such variety which may include the life cycle (cradle to grave) from
inception to disposal of a construction asset, and may also include the period of along-term
service contract (eg 25-30 years), or a pre-determined period relating to the client’ 'user’s
interest in the constructed asset under consideration. This could include periods covering
design, construction and short-term operation, for example, or be restricted to periods that
include only the maintenance and replacement (adaptation) of major components. It could
also cover the period of Facilities Management (FM) or Public Private Partnership (PPP)
contracts.

Becausetheterm “Life Cycle Costing” tends to be broadly used and understood as
describing a set of tools to help assess al relevant costs during a period of theclient’s
interest in a constructed asse, it is applied in a variety of circumstances and to differing
degrees across EU Member States. Attitudes to when to use LCC and to which processes and
procedures to use in which circumstances vary widely and there are appear to be no general
patterns of use except that approaches tend to betailored to individual client requirements,
depending principally on the extent (time period) of their interest in the constructed asset and
their ‘time value' they place on money. Differencesin approaches adopted by public and
private clients tends to blur in practice, and both appear to place a strong emphasis on
providing value for money, albeit thisis interpreted differently in different markets.

Generally (with the exception of Norway) the use of LCC in construction is unregulated and,
to alarge extent, public guidelines generally do not exist. Additionally, there are a variety of
presentation formats and cost breakdown structures and there is not a single, prescribed or
commonly used framework that would appear to fit the generality of European practice In
general, LCC assessments are undertaken at any timein the life of an asset. For these reasons
a single prescriptive approach would not be appropriate to the majority of practitioners and
would simply exclude them from using the proposed new M ethodology; in taking these
issues into consideration our focus was on developing a common and not a single
methodology.

Many practitioners still carry out LCC calculations, advise clients and aid the vital
investment decisions without relying on the results of risk or sensitivity analyses. It was
concluded that the new M ethodology needed to provide coverage of the workings and merits
of risk and sensitivity analyses. Of course, depending on the particular needs of individual
users and their attitudes towards risk and uncertainty, it is possible to carry out an LCC
assessment without assessing risk and the sensitivity of key parameters to likely changes.
Whilethisis not recommended as good practice, it was nevertheless felt that the
Methodology should includerisk and sensitivity analyses as auxiliary steps within the LCC
process, which may be omitted if client does not fedl that that level of detail isrequired at a
particular stage or is not prepared to finance additional analyses.

The sustainability or environmental assessments are frequently closely associated with LCC.
In many countries selecting between options of varied sustainability or environmental
performanceis akey driver for using LCC. Quite frequently LCC calculations are driven by
the requirement to justify decisions supporting the sustainability or environmental
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performance of the complete assets as well as systems or components. The sustainability and
environmental indicators and methods of assessment varied but LCA wasidentified as the
most commonly encountered, though its use is by no means universal or common in
construction.

Our analysis suggests that LCC is not and cannot at present be fully integrated with LCA.
While the majority of LCC practitioners with whom we discussed this issue confirmed that
the need to improve the sustainability performance of constructed assets underpins many of
the design choices made during LCC, such sustainahility issues tend to be dealt with by
relevant experts and do not fall formally within the LCC framework used. In other words,

L CC is used to assess the financial/economic impacts of possible design choices identified
on the basis of sustainability assessments, and this assessment is generally restricted to direct
cost impacts only. While some clients suggested that they would consider the * monetisation’
of environmental, social and other less tangible impacts, in general the preference was to
restrict LCC to assess direct cost impacts only. In some cases, of course, LCC is undertaken
without considering sustainability, but we are clear that the one of the key objectivesin
devel oping the new Common M ethodology was to support improvements in the
sustainability of the built environment, and consequently is approach is not reflected in the
Methodol ogy.

The main barriers preventing wider or moreinformed uses of LCC wereidentified as:

1 Unavailability of reiable and adequate input data — covering both cost and time-based
data (see also 10.1 above)

1 Lack of uniform practices, common approaches and measures

1 Difficultiesin defining some of the cost factors

1 Difficultiesin evaluation of the effects of the changesin a product’s operational
conditions

1 Too many factors of uncertainty

1 Limited cooperation between clients and suppliers

1 Poor quality of data from suppliers and lack of comprehensive data for products
performance in the operational phase

1 Insufficient knowledge and lack of quality training

1A separation in public sector between the construction and O&M budgets, which are
allocated to different departments and therefore the consolidation of both for the long-
term LCC analysis and consequential decisions may not be feasible.

Many of the barriersidentified are not easy to overcome in the near future. Attempts are
being made internationally to devel op product/system performance data (including durability
data) and schedules are increasingly being published by avariety of commercial operators.
Additionally, international fora are being established for the exchange of experience and
data. However, LCC asan emerging ‘discipling or ‘science isrelatively new (most work
has taken place since the 1980s) and it is generally felt that alot needs to be doneto define
and standardise cost and performance data, particularly as some of the benchmarking and
performance data is only just beginning to be collected. It is felt that the Methodol ogy
developed on this study will provide a common, practical and acknowledged framework
which at this point in time will be of considerable help in overcoming these barriers.

The circumstances of the use of LCC can be grouped around three most common uses of
LCC identified as the most representative:
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Early L CC assessment of a proposed asset or portfolio of assets for strategic decisions:

More and more clients (public as well as private) seek LCC asa preiminary tool to help
them make strategic decisions regarding a proposed asset or assessment of the investment in
the proposed/existing portfolio of assets. This type of assessment takes place mainly in two
circumstances:

1 Theearly assessment of a proposed asset applies to the life cycle(cradleto grave) andis
based on many early assumptions (tested on other projects). The information sought is the
life cycle cost for different strategic options regarding asset/facility size, overall
configuration, specification levels, etc.

I Theassessment of the portfolio (including existing ad proposed assets) is also based on
preliminary, mainly historical data and the decisions clients can expect to make are also
strategic and relate mainly to the composition of the portfolio (in terms of the mix of
assets, overall specification levels, ec).

The exampleistypically applied to the complete life of an asset/portfolio (cradleto grave).
Assessment of L CC for a complete asset at design stage

This examplefollows the “classic” use of LCC on construction projects, when the project
team isin place and the design is being progressively developed and refined. This example
may also suit the circumstances which arise during construction when key design decisions
need to be reviewed and assessed for overall value for money.

The application of LCC over the complete life cycle (cradle to grave) is not necessarily the

only approach taken in this example, and typically other period of analysis are considered.

Often clients who purchased new assets or public clients in possession of existing portfolios

of assetsrequirean LCC analysisfor different periods covering their interest in the particular

asset. Examples of the circumstance when this example may occur include:

1 A client isinterested in construction and short-term occupation of an asset before
disposing of it.

1 An FM company about to sign a new long-term O&M contract wishes to understand its
liahilities for maintenance, repair and replacement over the period of the contract

1 Anasset owner requiring arenewal of asset insurance

1 A portfolio owner (e.g. Housing Association) is seeking New Home Warranties for their
residential property portfolio.

Assessment of LCC for a system (part of an asset) or a component for all or selected
stages of its life cycle

An LCC assessment is often needed for a part of an asset only (a system, eg. HVAC or

cladding system) or even at the level of abasic component. The requirement can be to assess

a system or component over its completelife cycle (if it is shorter than the remaining life of

the asset of which it is a part) or the part of life cycle which corresponds to the remaining life

of the asset (if the asset is expected to be disposed of before the system life expires). The

circumstances of the application of this example can include the following:

1 Optionsfor the replacement of the system need to be assessed and selected based on pre-
determined criteria (e.g. environmental performance, compatibility with regulations).

1 Assessment of systems influencing the LCC of the complete asset need to be evaluated
for insurance purposes
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In this case, the influence of one system/component on others needs to be taken into account
(such as energy use, change of fuel, strengthening of frame for new type of cladding).

All of these examples of use guided the development of the M ethodology and supporting
guidance.

Summary of guidelines for application of the methodology to public
procurement and EMAT

Regulatory environment

Procurement of construction works is covered by the Works Procurement Directive
(Directive 2004/18/EC of the European Parliament and of the Council of 31 March 2004 on
the coordination of procedures for the award of public works contracts, public supply
contracts and public service contracts), implemented across the EU by national legislation.

The Methodology and Guidance developed on this project encourages readers to make
themselves familiar with the requirements of the Works Procurement Directive in respect of:
1 Bodiesthat are classified as ‘public authorities’ for the purposes of the Directive

1 Thecontract value threshol ds above which the Directive applies

1 Thebasis on which tenders under the Directive may be invited and evaluated

1 Circumstances governing the use of the Negotiated and Competitive Dialogue Procedures
1 Other specific rules governing the application of the Directive.

Additionally, users are encouraged to make themselves familiar with the wide range of EU
and national legislation affecting the procurement, design, construction and operation of
buildings and civil engineering structures throughout their life cycles.

Use of the methodology in Public Procurement

The developed methodology is highly relevant to public works procurement in a number of
ways. Essentially, proper application of the methodology is expected to enable procurers
and those concerned with delivering public works projects to ensure that all costs associated
with the design, construction, operation and disposal of the works they are procuring are
taken into consideration at an appropriate stage in the procurement process.

More specifically, public procurers have the opportunity to take LCC into account in the
works contract award process. Public works contracts may be awarded on the basis of the
economically most advantageous tender (EMAT). The EMAT procedure was established to
avoid abnormally low tenders (AL Ts) though currently there is no systematic guidance or
methodology that is commonly in use across the EU on the evaluation of EMAT.

Recent work by the EMAT Task Group?, established by the DG Enterprise Working Group
on Abnormally Low Tenders, has developed a mechanism and procedure to enable contract
award on the basis of the economically most advantageous tender. This work was reviewed
by the Davis Langdon Team; however we understand that the legal status of thiswork is
somewhat uncertain, and a general guideline has been developed for users of the

Methodol ogy who wish to select works tenders on an EMAT basis.

2 Report and Recommendations of the EMAT Task Group: A methodology that permits contract award to the
Economically Most Advantageous Tender (Revised 15 August 2003)
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The key dements of this guidance are that the Common Methodology provides a sound and
robust basis for estimating life cycle costs and fully supports the EMAT process. Costs
assessed using the M ethodology will be consistent and comparable, provided of course the
definitions and cal culation processes contained in the Methodology are clearly and
consistently followed. Costs may, for ease of comparison, be broken down in accordance
with the Methodology to provide a means of assessing life cycle costs associated with the
acquisition and ownership of constructed assets or facilities.

As part of the review of the particular use of the methodology for public procurement, we
considered how key parameters, in particular, the extent to which public users may differ
from their private sector counterparts in the extent of the duration of their interest in the
constructed asset, and in the value they place on money, for example. The Methodology has
been devel oped to consider these aspects in detail, and the overall approach recognises that,
whilst private and public users will put different values on these (and other) parameters, the
underlying analysis processes are essentially the same for both of them.

In the Methodology and supporting Guidance we note that public users of the methodol ogy

may want to give special consideration to the values to be placed on particular parameters —

depending of course on their own national government preferences for investment in the

public arena— including:

1 Low or zeroreal discount rates, reflecting the particular nature of public works projects as
social rather than investment capital

1 “Cradleto grave’ (lifecycle) or long periods of analysis

1 Low or zero income/revenue flows

1 Selection of systems and components based principally on their longevity/durability and
sustainability performance (with a particular emphasis on environmental and societal
impacts).

Conclusions and proposals for further research and action

Conclusions

The proposed methodology is primarily aimed at public sector construction clientsin EU
Member States. However, it can also be used by private sector clients, contractors and their
advisors.

In practice, LCC remains a set of techniques that are not applied in a consistent manner
within EU member countries, let alone across the EU as awhole. The aim of the proposed
methodology was to define a common and consistent basis for undertaking LCC across
Europe without replacing country-specific decision models and approaches.

An important feature of any approach to LCC isits essentially iterative nature. Construction
projects progress through key stages at each of which decisions about choices of products,
components, materials and other matters need to be reviewed, refined and developed. The
proposed methodology must allow for such iteration and progressive devel opment, providing
increasing certainty of thetotal LCC of construction projects as they progress through design
and construction.
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The methodology and the proposed supporting documentation is based on the definitionsand
terminology in Draft ISO/DIS 15686:2006 Part 5, and is fully consistent with that draft
standard.

It is outside the scope of this methodol ogy to provide a single, comprehensive standard for
Life Cycle Costing across Europe. Additionally, it is outside the scope to provide a standard
for a unified European cost breakdown structure for construction.

In the course of thefield research it was confirmed that in order for the methodology to bein
line with cross-EU approaches by L CC practitioners a wide and comprehensive
interpretation of the project Terms of Reference (ToR) was needed. The fundamental issue,
which gtill remains unresolved, is the status of the draft 1SO 15686 Part 5, and the definitions
and principles contained therein which we have adopted in the proposed methodology. Our
Project Specification is very clear, at section 4.1.3, that the methodology should be 'based on
the terminology and the general principles defined in 1SO 15686'. It does not refer to any
other standard or emerging standard. The fact that the draft SO has not yet been published
asaformal standard is regrettable, but completely outside of our control. We have used the
very latest version of the current draft standard and based the proposed methodology on its
definitions.

Recommendations for further research

In order to meet its potential, the proposed methodol ogy produced under this project needs to
be published and disseminated widely. This can be done by supporting the M ethodology and
Guidance documents on a high profile and publicly accessible website where it might
become a resource routinely consulted by both practitioners and academics wanting more
information on the Life cycle costing (L CC) as a contribution to sustainable construction.
This requires an ongoing commitment to its maintenance, updating and further devel opment.

A properly maintained online resource such as this, possibly accessible from the
Commission’ s website could be of benefit to both academe and practice in bridging the
communication difficulties which lie at the heart of this field. Thereis a need to consider the
design of the user interface and the selection of appropriate organisations to support the
methodol ology and its ongoing development.

Specific recommendations for further action are:

1 The Commission needs to publish the methodol ogy, its associated processes and guidance
and ensure that they are widely available and easily accessible.

1 The Commission should actively promote use of the methodology and its associated
processes and guidance to a broad spectrum of construction clients, practitioners,
researchers and other users, emphasising its potential and value in a variety of
construction settings.

1 Through its R&D programme, the Commission should plot arouteto the further
development of the M ethodology and associated processes and guidance; particular areas
for development include:

0 Further integration of LCC and LCA
0 The development of more prescriptive recommendations for use of the M ethodology
in public procurement, including its usein EMAT tender selection
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o Encouraging the development of national guidelines consistent with the common
European Methodology.
0 Recommendations for further research

At the core of this project has been the gathering of data on existing LCC practices and
supporting literature. Theresearch data exists as aresource in itself, independent of any
analysis which has been carried out and encapsulated in the guidance document, case studies,
examples and records of industry consultations. The recommendations below are therefore
intended as points for discussion and are drawn partly from observations on the status quo in
the countries selected for this study, partly from the literature review and analysis, and partly
from comments provided by contributors to the research.

A key areafor further research is the integration of theoretical approachesto LCC and
associated methodol ogies with the practical needs of clients and practitioners, taking account
of such issues as the quality of data, the need for simplicity of calculation methods and
interpretation of results. The Common M ethodology produced under this project, focused
clearly on clients and practitioners, is a starting point, and further work is needed particularly
in the areas of:

1 Cost breakdown and reporting structures, to help the comparison of life cycle costs not
only between different construction projects and sectors, but from country to country
across the EU

1 Thecollection, use and dissemination of data on the cost and performance of key
construction systems and components in standardised ‘ use’ settings.

1 The Member States should be encouraged to exchange experiences and information
related to LCC to support the further development of the LCC methodology developed in
this study

1 Framework ought to be enabled for training activities and better monitoring/control of
operational and maintenance expenses which also strengthens the dissemination of LCC
practice in Public Procurement

Research organisations, government and the professions should aim to identify, capture,
evaluate and understand the key circumstances and criteria of construction projects that
respond positively the challenges of sustainability. These need to inform the further
development of the LCC Methodology developed on this study.

Additionally, thereis a need to investigate and develop means of measuring the performance
of the built environments, particularly but not exclusively, the performance in terms of
ability to meet the varied needs of users.

Recommendations for further research depend partly on the outcome of discussions now
underway in relation the status of the Draft ISO/DIS 15686, Part 5 and in particular, the final
status of the definitions and terminology in the document. The Methodology document in
particular may need to be updated and revised in the light of these.

Every methodol ogy/guidance document will benefit from practical and detailed application
ina‘real life' setting. While the M ethodology devel oped under this study has been tested
against a small number of case studies in different countries, it is only by the continued
application of the M ethodology to a wider selection of international projects of various
scopes and type that all aspects of the M ethodology can be reviewed and refined. In the
course of our research we have encountered considerable opposition to disclosing actual
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costs used in LCC exercisesin real-life projects. In many cases this data is considered
commercially sensitive. Further work could focus on removing these barriers— perhaps by
securing the participation of a group of public sector clients, for example, in a joint study
wherein all data and results are shared among the participants and, if appropriate, more
widely — and learning lessons from the consistent application of the methodology across a
range of projects.
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Appendices

For appendicesto the final research report please refer to the separate document
“ Appendices to the Final Report”.
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