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PROPOSED CHECKLIST FOR BUILDING LIFE CYCLE COST ANALYSIS
IN UGANDA

SUMMARY

The purpose of this study was to propose a checklist for carrying out Building Life
Cycle Cost Analysis (LCCA) in Uganda. Literature reviews of some of previous
research on Life Cycle Cost Analysis and Management was done into order to find
out what information and how it is being used by building professionals today to
carry out LCCA. Difficulties and limitations of the application of LCCA from the
literature were also mentioned. Moreover, the tools, considerations and assumptions
made before and during an LCCA application were highlighted.

Focus was then drawn to the situation in Uganda. Uganda is a developing country
located in Africa in the East African region. Its local construction industry is still
under developed and still faces a lot of challenges. In fact, the local construction
industry continues to witness a loss of large construction projects to the international
construction consultants and contractors rather than to gradually build on its local
capacity. Uganda’s local construction industry faces a number of problems such as
lack of proper construction management and technical capacity, lack of easy access
to credit facilities, lack of proper application of advanced construction techniques
and information technology, to mention but a few. However, for this research a brief
about the topic of LCCA and questionnaire forms were distributed among some
professionals and organisations practising in Uganda.

The brief was meant to give the responder an overview of Life Cycle Cost Analysis
and Management and also briefly elaborate on the methodology and purpose of the
study. The questionnaires distributed were used to find out first, whether LCCA is
performed in Uganda or not. Then information about how LCCA is done and what
sources of information are available for that in Uganda was collected. Information
concerning difficulties, limitations and what they way forward should be in relation
to the application of Life Cycle Cost Analysis for Uganda in particular was obtained.
A comparison was then made with what is being done in the developed world and
with what exists in the available literature on Life Cycle Cost analysis. All this was
done with the sole purpose of coming up with a proposed checklist of how LCC
analysis can be done in Uganda.

From the questionnaire responses, it was discovered that most of the professionals
interviewed knew about the concept of Life Cycle Cost Analysis and Management.
However, majority of them did not actually practise this application at their places of
work. Those who did only did it partially. They rather applied other construction
economic evaluation techniques also used at a global scale. Some of the reasons
given for the lack of application of Life Cycle Cost Analysis were; client &
professionals ignorance on the concept of LCCA, the need for a lot of time and
resources which they cannot afford, lack of enough information and data, limited
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access to available resources and data, and unreliability of available data and
information among other reasons.

However, a number of the sources of such information and data were similar to what
was observed in the literature reviews. But, Uganda still lacks certain important
sources such as lack of a data bank where different professionals offer information
about their projects. Such a data bank would then be used as a reliable source of data
and information for Life Cycle Cost Analysis. Uganda also does not have any known
guide or framework to assist a Life Cycle Cost Analysis. Neither is there anybody,
organ or association that advocates for the application of Life Cycle Cost Analysis.

Despite the difficulties and challenges Life Cycle Cost Analysis application faces in
Uganda, a proposed checklist was made. It included steps and procedures for Life
Cycle Cost Analysis in Uganda. The different stages involved were extensively
elaborated upon. The critical variables in any LCCA were expounded upon to help
one succeed with the analysis in Uganda. These variables included; discount rate,
analysis/ study period, methods of Life Cycle Costing (LCC) and the cost categories.
Two tables were also proposed to assist in having an organised analysis, display of
the results and for easy comparison and decision making.

Recommendations for how Life Cycle Cost Analysis practise can be encouraged in
Uganda were made and how the difficulties and challenges can be overcome.
Furthermore, recommendations for future research areas to improve on the Life
Cycle Cost Analysis practise were made. Not only were they focused on Uganda
alone but the world in general.
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UGANDA’DA BINA YASAM DONGUSU MALIYET ANALIZi iCIN
ONERILEN KONTROL LISTESI

OZET

Bu ¢alismada Uganda’da uygulanmak tizere Yap1 Yasam Dongiisii Maliyet Analizi
(LCCA) igin Kontrol Listesi olusturmak hedefleniyor. Bu ¢alismanin metodolojisi,
uzun bir arastirma ve fikir alisverisi sonucu olusturulmustur. Calisma temel olarak
dort asamada gerceklestirildi. Bu asamalar: 1-) Literatiir arastirmasi; 2-) Antet
tasarimi ve arastirma istatistikleri; 3-) Analiz ve tartisma; 4-) Uganda’da Yap1 Yasam
Dongiisti Maliyet Analizi gelistirmek icin bir takim arag¢ Onerileri ve intikat seklinde
Ozetlene bilinir.

Diinyanin degisik yerlerinde hazirlanan ve kullanilan LCCA yontemi ile ilgili
literatiirdeki c¢alismalar, kullanilan analiz yontemleri ve yorumlar1 bu ¢alisma
kapsaminda gozden geg¢irildi. Yapilan detayl literatiir taramasinin amaci, bugiiniin
profesyonellerinin LCCA’y1 nasil uyguladiklarini anlamak i¢indi. Bu amagla LCCA
yontemi i¢in mevcut olan kisitlamalar, zorluklar ve sartlar incelenmistir. LCCA
yonteminin uygulanmasindan 6nce ve uygulanmasi sirasinda dikkate alinmasi
gereken hususlar, varsayimlar ve kullanilan aracglar 6zellikle irdelenmistir.

Elde edilen bilgiler 1s18inda Uganda’daki durum incelenmistir. Uganda, Dogu
Afrika’da yer alan gelismekte olan bir iilkedir. Uganda’daki yerel insaat sektorii
heniiz yeni yeni olgunlagsmaya baslamistir. Yerel insaat sirketlerinin karsilastiklar:
zorluklar rekabet edebilirlerinin diismesine neden olmakta ve iilkedeki biiylik insaat
projesi ihaleleri yabanci miiteahhitler tarafindan istlenilmektedir. Bu nedenden
otiirti, Uganda ingaat sektorii icin yerel insaat kapasitesinin gelistirilmesi 6nem arz
etmektedir. Uganda yerel insaat sektorliniin temel sorunlari; teknik kisitlamalar,
ekonomik olmayan teknolojik iiriinler, yiiksek faiz oranlar, ileri teknolojilerin dogru
kullanilamamas1 ve insaat yoOnetiminde bilisimden faydalanilamamasi seklinde
Ozetlenebilir. Bu sorunlarin yap: sektoriine yansimasi direkt olarak yapi maliyeti
tizerine olmaktadir. Bu calisma kapsaminda, yapilan incelemeler sonunda Uganda
yerel ingaat sektorii tarafindan kullanilan LCCA ydntemi hakkinda bilgi edinebilmek
amaci ile bir anket hazirlanmistir. Hazirlanan anketin, Uganda yerel insaat
sektorlinde hizmet veren birkac kurum ve profesyoneller tarafindan degerlendirilmesi
saglanmistir.

Anketi degerlendirenlere, LCCA hakkinda genis bilgi verilmistir. Bu ¢alismanin
amact ve LCCA yontemi kullanilmasinin 6nemi anlatilmistir. Hazirlanan anket iki
boliimden olusmaktadir. Birinci boliim, ankete katilanlar hakkinda genel bilgi ve
gecmisleri hakkinda bilgi toplamak amaciyla hazirlanan sorulardan olusmaktadir.
Ikinci boliim ise ‘Yapr Yasam Déngiisii Maliyet’ ile ilgili sorular1 icermektedir.
Ankette, Uganda’da yerel insaat sektdriinde LCCA’nin uygulanip uygulanmadigi
sorulmustur. LCCA uygulayan firmalarin ellerinde ne kadar bilgi oldugu ve bu
bilgiyi nasil kullanildiklar1 ayrica incelenmistir. LCCA uygulamalari i¢in Uganda’da
ne kadar bilginin temin edilebilir oldugu sorgulanmistir. Bunun yani sira, LCCA
uygulamasiyla ilgili yasanan zorluklar, kisitlamalar ve oOnerilen c¢oziimler de
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sorulmustur. Bu anket araciligi ile elde edilen bilgiler, diinyadaki diger gelismis
LCCA uygulamalar1 kullananlar ile karsilastirilarak ilgili notlar ve fakli uygulamalar
ortaya cikarilmistir. Bu c¢alismanin temel amacit Uganda yerel insaat sektoriinde
uygulanmak tizere LCCA i¢in Kontrol Listesi olusturmaktir.

Calismada bu amacla 6rnek alma sistemi kullanildi. Arastirmaci, 6zellikle ankete
katilacaklar1 secerek, arastirmaya faydali olacak gerekli bilgileri toplamaya
hedeflemistir. Geligsmis iilkeler dahil olmak {izere diinyadaki bir¢ok iilkedeki ingaat
sektoriiniin, ‘Yap1 Yasam Dongilisii Maliyet Analizi’ uygulamalar1 agisindan daha
cok yol almasi gereklidir. Buna gore yeni yeni gelismekte olan Uganda yerel insaat
sektorli aktorlerinin ankete katilmalari ve se¢imleri son derece onemlidir. Uganda
ormmegi LCCA agisindan bu konuda istisna olmayip, Ozellikle ingsaat sektori
bakimindan gelismesi ve degismesi gereken bircok nokta bulunmaktadir. Bu
calismada toplanan veriler profesyonel kurumlarin (Uganda Mimarlar Odasi, Uganda
Haritacilar Birligi vb. tyeleri) kayith ve lisansli iiyeleri segilerek toplanmuistir.
Anketin uygulandig1 kisiler secilirken: 1-) Calisma alanlar1 (hem akademik hem
piyasada faaliyet gdsteren profesyoneller); 2- ) Devlet kurumlarinda c¢alisanlar; 3- )
Tecriibeli ve bilinen ¢alisanlar (taninmus sirketlerde ¢alisanlar tecriibeli personel); 4-)
Meslektaslart tarafinda Onerilen kisiler (farkli onemli kisiler); 5-) Akademik
seviyeler (birden fazla lisans derecesine sahip olanlar, 6zel konularda ¢aligma yapmis
olanlar ve ¢esitli iilkelerde egitim gérmiis ve ¢alismis olan) bu tiir 6zelliklere dikkat
edilerek secim yapilmistir. Bu ¢esitlilik arastirma i¢in oldukg¢a faydali olmustur.
Anket c¢aligmast uygulanirken, katilimei olan yapi profesyonelleri ve kurumlarin
birgogunun LCCA konsepti ile ilgili bilgisi oldugu ortaya ¢ikmistir. Fakat elde edilen
bulgular 1singinda ¢ogunlukla insaat sektoriinde, LCCA’ nin kismen veya hig
uygulanmamakta oldugu kanisina varilmistir. LCCA yerine diinya ¢apinda kullanilan
diger insaat ekonomi analiz yontemleri uygulamalari tercih edildigi gorilmiistiir.
LCCA’nin  uygulanmamasimin  sebepleri arasinda; miisterilerin  ve  diger
profesyonellerin LCCA hakkinda yeterli bilgilerinin olmamasi, LCCA i¢in gerekli
olan zaman ve kaynak ihtiyacina sahip olmamalari, yetersiz bilgi, veri taban1 ve yeni
bilgiye ulagsmanin getirdigi zorluklar sayilabilir.

Anketin ortaya cikardigr sonuclar ile literatiirde yer alan ¢aligmalar arasinda
benzerlikler oldugu goériilmiistiir. Uganda’da bir veri bankasi olmamasi saglikli veri
kaynaklarmin eksik olmasi, profesyoneller i¢in projelerinde kullanabilecekleri bilgi
yetersizligine neden olmaktadir. Bir veri bankasi olmasi durumunda, LCCA
caligmalar1 i¢in giivenli bilgi kaynagi temin edilerek kullanilabilir. Ayrica,
Uganda’da resmi olarak LCCA ile ilgilenen kurum veya sorumlu olmadigi tespit
edilmistir. Bunun yan1 sira, Uganda’nin yap1 sektoriine yonelik bir LCCA
yonetmenlik veya altyapi da bulunmamaktadir.

Bu ¢alismada, Uganda’daki LCCA uygulamasi kisitlar1 ve zorluklari igin ¢esitli
oneriler elde edilmistir. Bu 6nerilerin derlenmesi sonucunda, LCCA uygulamasinda
kullanilabilecek bir kontrol listesi hazirlanmistir. LCCA’nin farkli asamalarim
anlatan bir genis bir metin de yine kontrol listesi kapsaminda hazirlanmistir. Bagarili
bir LCCA uygulamasi elde etmek igin kritik degiskenler belirlenerek bunlarin
siralamas1 yapilmistir. Bu degiskenlere 6rnek vermek gerekirse; indirim oranlari,
analiz/calisma zamanlari, Yasam Dongilisii Maliyetlendirme metotlar1 ve maliyet
smiflar1 bunlar degiskenler arasinda yer almaktadir. Diizenli bir analiz yapilabilmesi
icin iki ayr1 tablo hazirlandi. Bunlar sonuclar1 gostermek, karsilagtirma ve karar
verme slirecini kolaylastirmak i¢in iki ayr1 sekilde olusturulmustur.

Uganda'da LCCA uygulamasini tesvik etmek i¢in bazi oneriler gelistirilmistir. LCCA
uygulamalari 6niinde yer alan kisitlamalar1 ve zorluklari en etkili sekilde asmak icin
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cesitli alternatifler sunulmustur. Bu Onerilerden bazilari: seminer ve egitimlerle
bilgilendirme toplantilar1 yaparak Yasam Yoriinge Maliyetin dnemini vurgulamak;
yiiksek egitim kurumlarda LCCA konseptinin tanittmini yapmak; tanitim
programlarini ¢alisan profesyonellere kadar uzatmak; ayni sekilde profesyonellerin
miisterilerine LCCA konseptini anlatmalarini saglamak; profesyonellerin kisisel
olarak veya kurumsal olarak LCCA verileri toplamalarim1 ve bu hizmetleri
yatirimcilara kadar verilmesi saglamak; veri bankalarin uyumlu hale getirilmeleri ve
profesyonel iiyelerin bu veri bankalarina kolayca ulasabilmelerinin yolunu agmak;
devlet veya kamu (Uganda) destegi ve Dogu Afrika’dan bolgesel destek alarak
arastirma yapma olanagini saglamak; yayinlama sistemlerin olusturulmasi; teknoloji
konfigiirasyonlarm gelistirilmesi ve son olarak da Insaat sektdriinden sorumlu devlet
kurumlarinin LCCA uygulamasinin insaat izni alinirken zorunlu hale getirmeleri gibi
cok cesitli 6neriler bu ¢alisma kapsaminda sunulmustur.

Tiim bunlara ilaveten, gelecekte LCCA uygulamalarini kolaylastirmak i¢in yapilacak
arastirmalara uygun alanlar da ¢alisma kapsaminda Onerilmistir. Bu Oneriler sadece
Uganda i¢in degil, biitiin diinyanin faydalanabilecegi sekildedir. Bu arastirma
dahilinde yapilan Oneriler; dogru yonetimler ile elde edilecek ektili LCCA
olusturabilmek i¢in daha fazla aragtirma yapilmasini gerektigi; stirdiiriilebilir ve yap1
cevresindeki 1iliskileri, analizleri ve LCCA baglantilarim1 kapsayan c¢alismalara
oncelik verilmesi gerektigi seklindedir. Bu iki 6zelligin nasil birlikte uygulanacag: da
ayrica arastirtlmistir. Anilan calismada, LCCA’nin diger yapr ekonomileriyle nasil
bagdastirilabilir oldugu ve bir ortak calismasinin nasil yapilacag: da arastirilan diger
konular arasinda yer almaktadir. Calisma kapsaminda daha basarili LCCA
uygulamalarin1 yaymlamak i¢in daha 0Ozel aragtirmalar ve dogru LCCA wveri
bankasinin olusturulmasinin faydalari1 iizerinde durulmustur. Son olarak, yapilan
calismada yap1 malzemelerinin, elemanlarinin  ve sistemlerinin  Omiirleri
arastirilmastir.
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1. INTRODUCTION

1.1 Background of Study

The construction industry is one of the most booming industries in the world for both
the developed and developing nations. This dissertation will focus on the
construction industry in Uganda. Refer to appendix C for the location of Uganda on
the African continent. Uganda is a developing country in East Africa and has over
the past decade experienced a boom in the construction industry. World over but
Africa in particular, many people are migrating from rural areas to urban areas in
search of better opportunities and living conditions. Therefore there has been an
increased demand for infrastructure to cater for this ever growing population. As
more construction projects are being commissioned worldwide, it is the
responsibility of the owners and building professionals to ensure that they meet the
desire goals, purposes and building standards. Not only aesthetically, but also use
and comfort, environmental and importantly economic goals. Project Economic
Evaluations are expected to be carried out not only to determine whether a project is
feasible or not but also to enable the investor make a choice between two or more
possible project options. This will bring into place the need for proper building and

infrastructure Life Cycle Cost Analysis and Management.

Generally, a lot of focus has been place on the need to minimized construction costs
of a building forgetting about the impact of other building related costs and the
decisions made during the various project stages on the general building life cycle
cost. Other costs besides construction costs may include; initial land acquisition
costs, maintenance and repairs, renovations, design costs to mention but a few.
Decisions to be made may include what project alternative to take on, what kind of
building systems, materials, building shape, site location and many more that could
significantly affect the long term cost of the building. It is important to note that
minimising the cost of construction does not automatically lead to a reduction on the

total Life Cycle Cost (LCC). On the contrary, a higher construction cost could lead to



a reduced LCC provided other long term costs are put into consideration, hence the
need for proper Life Cycle Cost Analysis and Management.

Today, we see more and more focus is being turned to building Life Cycle Cost
management rather than just single phases of buildings’ lives. This means that a lot
of data, records and information about a building, its materials and systems have to
be gathered for one to make a proper LCC Analysis. A number of challenges have
been documented and research done in this area that will be explored in the literature

review.

For Uganda just like most other countries, the construction industry is an important
contributor to its’ GDP (Gross Domestic Product) and a catalyst to other sectors of
the economy. The construction industry is also a means through which many citizens
improve their livelihoods. Past researchers have stated that it is not an easy and
straight forward task to deal with a building’s Life Cycle Costs because of the
difficulties and limitations (that will be mentioned in the next chapters). Uganda is a
developing country and therefore is not as advanced in construction technics as those
in Europe or America. In fact, its local construction industry is still under developed
and still faces a lot of challenges. Today, the local construction industry continues to
witness a loss of large construction projects to the international construction
consultants and contractors rather than to gradually build on its local capacity.
Uganda’s local construction industry faces a number of problems such as lack of
proper construction management and technical capacity, lack of easy access to credit
facilities, lack of proper application of advanced construction techniques and

information technology, to mention but a few.

Therefore obtaining accurate and complete data to carry out a LCC Analysis may be
very difficult. But using the data and methods available, a checklist has been

proposed for how best one can carry out a Life Cycle Cost Analysis in Uganda.

1.2 Aim and Objectives
Aim:

To propose a checklist for Building Life Cycle Cost Analysis in Uganda.



Objectives:

a. Toreview current literature on Life Cycle Cost Analysis.

b. To find out what information is necessary and/ or used for Life Cycle cost
analysis in the developed world.

c. To find out whether Life Cycle Cost analysis is practised in Uganda and what
information and data is used and how it is done.

d. To compare the LCC Analysis practise in Uganda with the developed world and
existing theoretical literatures.

e. To propose a Checklist for Life Cycle cost analysis in Uganda.

1.3 Research Methodology

1.3.1 Stage 1: Literature review

Various readings were done from various relevant sources which covered textbooks,
institutional and statutory publications, periodicals and academic journals, seminar
and conference papers. This was done with the aim of theoretically understanding
what Life Cycle Cost Management and Analysis in particular means, what data and
information is required to perform a proper analysis and their sources, how this data
and information is used, what is currently being done, what has been researched
about and also to know the problems encountered during this process of LCC
Analysis and what writers say the future holds for Life Cycle Cost Analysis and

Management.

1.3.2 Stage 2: Questionnaire and information gathering

Information was gathered from building professionals and/ or practisioners in
Uganda. The questionnaire form was divided into 2 sections. The first section
gathered general information about the building professionals filling the form.
Questions about his/ her professional background, place of work, experience, nature

of projects usually done and level of education of clientele were asked.

The second section included more specific questions with the aim of finding out what
is actually done and whether Life Cycle Cost Analysis is performed in Uganda. And
what can kind of data and information is available and can be used for Life Cycle

Cost Analysis in Uganda. What difficulties are experienced by these professionals



and what they think can be done to better improve and promote the practise of Life
Cycle Cost Analysis in Uganda.

1.3.3 Stage 3: Analysis and discussion of findings

A Dbrief comparison of the information gathered from professionals in Uganda was
made with existing literatures, theoretical practises and researches that have been
made of practises in the developed world. Differences and similarities were pointed
out. This was done with the aim of visualising where Uganda lies as compared to the

developed world in terms of LCC Analysis practises.

1.3.4 Stage 4: Proposed checklist for building life cycle cost analysis in Uganda

After comparisons and discussions of the findings from the questionnaires and
literature reviews, a checklist for carrying out Life Cycle Cost Analysis in Uganda

was proposed.

1.3.5 Stage 5: Conclusion

A conclusion was made that will include the problems and limitations, reasons why
LCCA should be taken up, recommendation to be done in Uganda and proposals for

further research.
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2 LITERATURE REVIEW

2.1 Definitions and Terminology

There are a number of different literatures about Life Cycle Cost and it has over the
years been defined in many different ways by different authors. But all having the
same core principle and meaning which is; it is an all cost including economic
evaluation technic. The National Institute of Standards and Technology (NIST)
Handbook 135, 1995 edition defines Life Cycle Cost (LCC) as “the total discounted
dollar cost of owning, operating, maintaining and disposing of a building or a
building system” over a period of time (Life Cycle Cost Analysis Handbook — 1°
edition 1999). Life Cycle Cost is the total ownership of machinery and equipment,
including its cost of acquisition, operation, maintenance, conversion and/ or
decommissioning (SAE 1999). Another author states, LCC is defined as “the total
cost, in present value or annual value, that includes the initial costs, maintenance,
repair and renewal (MR&R) costs over the service life or a specified life cycle”
(Saidur Rahman and Dana J. Vanier, 2004). Saidur and Dana further define Life
Cycle Cost Analysis (LCCA) as the process of evaluating the total economic cost of
an asset by analysing initial costs and discounted future expenditures, such as
maintenance, repair and renewal (MR&R) costs, and user and social costs over

service life of the asset.

However, today different terms have been used in various literatures which could be
confusing to the reader. They include; “cost in use”, “Life cycle cost (LCC)”,
“Whole life costing (WLC)” and “whole life appraisal (WLA)”. According to
Flanagan and Jewll (2005), over years the terminology has changed from “cost in
use” to “life cycle costing” and further to “whole life costing”. BS ISO 15686 Part
5(2008) is an international standard for property life cycle costing that has been
adopted by the UK and has been developed by industry and in consultation with 17
countries. It clarifies on the terminology of WLC and LCC in order to eliminate the

confusion between these terminologies. Below is a figure the illustrates this;
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Figure 2.1 : Differenciation between terminology.

In BS ISO 15686 Part 5 et al (2008), it defines Life Cycle Costing as “is a
methodology for the systematic economic evaluation of the life cycle costs over the
period of analysis, as defined in the agreed scope.” It then defines Whole Life
Costing as, “is a methodology for the systematic economic consideration of all the
whole life costs and benefits over the period of analysis, as defined in the agreed
scope” According to this document, Life Cycle Costs include; construction,
maintenance, operation, occupancy and end of life or destruction costs. Whereas
Whole Life Costs include the Life Cycle Costs plus non construction cost, income

plus externalities.

For consistency in this dissertation however, Life Cycle Costs and Whole Life Costs
will be considered the same as defined above in the BS ISO 15686 Part 5(2008) and

as illustrated in figure 2.1

Life Cycle Assessment (LCA) is another term that may somewhat be confused with
Life Cycle Cost Analysis. LCA “is one such tool that can help companies to
understand the environmental impacts associated with their products, processes, and
activities.” Susan Svoboda, (1995). According to AIA Guide to Building Life Cycle
Assessment in Practice et al (2010), a differentiation between the two is “LCC
provides decision support in selection of a building system or whole-building design
based on its financial benefits, as opposed to LCA, in which a decision is based on
the environmental benefits of a system or design.” So LCA is more concerned with

the impact the building will have on the environment. It deals closer with issues



pertaining to sustainability and ‘green building’ approach. While LCC on the other

hand deals with the buildings cost issues throughout its life cycle.

Another important terminology is Life Cycle Management (LCM) which can be seen
as a framework in which methods such as Life Cycle Assessment and Life Cycle
Costing are used to support decisions leading to sustainable development. The
SETAC (Society of Environmental Toxicology and Chemistry) Working Group has
defined LCM as “a flexible integrated framework of concepts, techniques and
procedures to address environmental, economic, technological and social aspects of
products and organizations to achieve continuous environmental improvement from a
Life Cycle perspective.” Life Cycle Cost Management therefore is a framework
within which different technics and methods are used to support decisions leading to

or based on the financial benefits of a building and/or its impact on the environment.

2.2 Why Do Life Cycle Cost Analysis and its Benefits

Financial constraints on projects are becoming more and more thus the need to not
only consider the upfront costs as a basis for making decisions on an investment or
on which system to use but rather to consider its cost over a period of time (i.e. its
life cycle). The facility’s cost over a given period of time and a particular system’s
cost over the facilities life time brings about the need for Life Cycle Cost Analysis.
LCCA is a decision making technic that does not only consider the initial and upfront
costs but rather the cost over the life of the facility or the system considering all
related costs, and includes construction, operation, maintenance and

decommissioning.

Institutions, governments, organisation and other bodies perform LCC Analysis for
their own special reasons and in unique and specialised ways. For example in State
of Alaska the Department of Education and Early Development was charged with the
responsibility of determining if a school capital project is in the best interest of the
State of Alaska. They have created a Life Cycle Cost Analysis handbook that will
help in demonstrating that a school district’s project request is not only the best

solution for the district themselves, but also for the State of Alaska.

The need for planning and analysis; “The best opportunities to achieve significant

cost benefits occur during the early concept development and design phase of any



project. At this time, significant changes can be made for the least cost” P J Barret
(2011. This is because during the latter stages of a project many costs are tied and it
is difficult to change or allocate them elsewhere. According to P J Barret (2011), at

this stage the following should be explored:

e A range of alternative solutions

e The cost drivers for each alternative

e The time period for which the asset will be required

e The level and frequency of usage

e The maintenance and/ or operating arrangements and cost, and

e Quantification of future cash flows.

Through LCCA, all the above can thoroughly be explored and analysed thus enabling
proper planning and analysis for the future. And all these must be determined early in
the assets Life Cycle

The selection of the best option; LCC Analysis is a tool primarily for selecting the
best from different available alternatives available. P J Barret (2011) also states that
through preparing a LCCA for each option it is possible to:

e Calculate the Net Present Value (NPV) of each option
e Consider projected cash flows in the context of the funding available and

o Identify issues related to ultimate disposal of the asset.

Decision makers can therefore find this information very useful and use it as part of
the selection process together with other guidelines and constraints. This should

enable them to select the best project alternative or building system/ component.

To securing funding; at any given time, there are competing demands for the
available cash within any given organisation. LCCA provides a sound basis for cash
flow requirements thus assists in securing funding and approval for a particular
project. This is because LCC Analysis will enable stakeholders to view and be aware
of the related current and future costs of a proposal through its life time on a

periodical basis.

The International Infrastructure Management Manual (2006) and the Australian/
New Zealand standards guide on LCCA (AS/NZS 4536:1999) provide a
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comprehensive list of applications in which LCCA is most commonly utilised. They

include: «

i.  The evaluation options for the procurement of new assets such as design
trade-offs, source selection and affordability studies.

ii.  The on-going support of management decision making throughout the life of
an asset (building/ system).

iii.  The identification of asset attributes which significantly influence LCC,
allowing their proper management. These are often referred to as ‘cost
drivers’

iv.  The benchmarking of assets actual cost performance.

v. The review of the procurement process for future design/ acquisition

decisions.”

LCC Analysis is an important tool in the design process for controlling the initial and
future cost of building ownership. It can be applied at any level of the design process
which makes it critical since this is an important stage where decisions with far

reaching consequences are made.

It can also be used to evaluate existing building systems to determine whether it is

time for maintenance, replacement, repair or renovation.

Different organisations, institutions and public bodies around the world have
developed their own guides for performing Life Cycle Cost Analysis for various

reasons and benefits specific to them.

2.3 Tools Used and Considerations

2.3.1 Stages considered

A proper LCCA is expected to be performed for all stages of the life of an asset/
facility. This includes acquisition, construction, operation/ occupancy and finally the

decommissioning stage

According to P J Barret (2011), there are generally three stages at which Life Cycle
Costing should be applied; when decisions for investment are being made i.e. the
conceptual stage, when tenders for supply of building systems, equipment software

etc are being assessed i.e. the acquisition stage and the in-service stage during
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operations when decisions to replace, repair, improve or dispose an asset are being

considered.

Conceptual stage: “The emphasis here should be on getting at least initial estimates
for all the key components of life cycle cost organised consistently so as to ensure a
fair comparison between alternatives” P J Barret (2001). This stage involves all

initial decisions on what options to consider for investment.

Acquisition stage: This is where LCC is used to help select the most cost effective
option. And this can form part of a tender process using a preliminary model of the
asset and it’s environment, identifying possible acquisition costs and factors affecting

other costs and considering means of minimizing such costs.

In-service stage: By knowing the actual operational cost of facilities helps improve
their cost effectiveness and that of future acquisitions. Hence the importance of
having someone especially responsible for recording and following up of all
operational expenditures of a facility. Hence the availability of a comprehensive and
readily useable data base of life cycle costs enables decisions on changes to an asset
and revisions to maintenance policy that would consider and ensure the cost
implications of these changes are well founded. With such a database, tracking of
costs with a system/ asset’s age can be monitored and this can lead to decisions such
as; continuity, modifications/ renovations and repairs to avoid further cost increases

and finally disposal, recycling or replacement of some elements.

2.3.2 Application and process of LCCA

As mentioned before, LCCA can and is being used by both the private and public
sector in the economic evaluation of various possible project alternatives related to
asset creation or acquisition. The Australian Asset Management Collaborative Group
(AAMCoG) formed in August 2006 by the CRC for Integrated Engineering Asset
Management (CIEAM) published a report on LCC Analysis. Below, according to
this report is a summary of a common methodology that is a generally accepted
framework for LCCA. It can be adapted to a particular purpose of analysis depending
on the situation at hand. For example, to assist in planning, budgeting, contracting
etc. It is important to also not that each purpose of LCCA may include different

factors in the actual life cycle cost aggregation itself but the basic methodology
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remains the same and as such can be considered as the best practise for basic
structuring of an LCC Analysis application.

a) Plan Life Cycle Cost Analysis

This is an initial planning stage. Here, specific objectives of LCCA are defined and
specified and include any assumptions that are made about the facilities/ buildings
and their associated costs. In order to shape the analysis for a particular purpose,
these objectives of analysis are specified in terms of the outputs which are required

by owners or management for decision making.

Limitations, assumptions and constraints which may affect the given alternatives
involved in the decision making should be identified at this stage. As the analysis
continues, changes in these factors may either increase or reduction the possible

project alternatives.
b) Select/ Develop a LCCA model

At this stage a particular LCCA model can be selected since the specific aims and
objectives of the process have already been identified during the planning stage. This
is when we can realise the different LCC applications and frameworks since each
will be designed for its specific objectives. Particularly, the life cycle is broken down
based on a Cost Breakdown Structure (CBS) that sets out the particular life cycle
phases and relevant cost categories. In many cases, the life cycle is broken down into
four stages i.e. acquisition, operation, renewal and disposal. Within each of these
phases is an associated set of cost elements that are generally identified through
further breaking down the cost categories into smaller groupings. It is also a
generally accepted practise that cost elements that do not vary between the given set
of alternatives maybe excluded from the LCC calculations. However, it should also
be noted that further assumptions may be made that cost elements that are deemed to

have an insignificant impact on the calculations can be omitted from the analysis.

After all relevant costs have been identified, a suitable method for estimating each
associated costs must then be agreed upon and chosen. Each set of cost elements in
any LCC analysis must be assigned numerical cost values in the same unit or
currency (for example dollars). Methods of cost estimation are varied and can be
determined via a number of different methods.
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The Australian/ New Zealand standards guide on LCCA (AS/NZS 4536:1999) lists
three main methods which can be used to estimate the cost element values; the
Engineering cost method, the Analogous cost method and the Parametric cost
method. Despite the fact that all these methods are deterministic in nature, they each

estimate the value of the cost element differently.
Engineering cost method

The Engineering cost method is used where there is a detailed and accurate capital
and operational cost data for the facility under study. Just like quantity surveying in
cost calculations, the engineering cost method involves the direct estimation of a
particular cost element by examining the facilities’ each individual component at a
time which are later summed up together. It uses standard established cost factors
such as; firm engineering and/ or manufacturing estimates to develop the cost of each

element and its relationship to other elements.
Analogous cost method

The Analogous cost method provides the same level of detail as the Engineering cost
method but the difference is that it draws on historical data from components of other
assets having analogous size, technology, use patterns and operational
characteristics.

Parametric cost method

This method is used in situations where the actual and historical detailed asset

component data is limited to only known parameters.

Important to note is that collection of appropriate data is a crucial factor in
developing the LCC model. A lot of time and resources is usually dedicated to
identifying the required data and sources of this data. This is in fact one of the

limitations to the application of LCCA as will be explained later.
c) Apply LCCA model

After having the model ready, cost estimation methods and all required data sources,
it is time to perform the actual analysis of the life cycle costs. As long as the model
has been developed and estimates made for each cost element, an aggregated LCC

value can be evaluated. This value is computed firstly by discounting all cost
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elements back to their present day value or average equivalent annual cost values

using the standard discounting equation.

According to the State of Alaska — Department of Education & Early Development
Life Cycle Cost Analysis Handbook (1999), “Prior to beginning a LCCA, project
alternatives need to be established. These alternatives should be distinctly different
and viable solutions to the facility issue being addressed.” There are reasons that
create the need for LCCA and therefore which ever alternatives are to be considered
must be able to fulfil these reasons. The most reasonable and cost effective solution

to the project problem should be chosen.

Normally before a LCCA can be performed, assumptions must be made especially on
how certain values have been obtained as also indicated by The Australian Asset
Management Collaborative Group (AAMCoG, 2006) report on Life Cycle Analysis.
This helps one to know the level of accuracy of the results. And all assumptions must
be used and followed for each of the alternatives to be considered. The State of
Alaska Department of Education & Early Development has outlined the basic steps

for preparation of LCCA as:
e A brief description of the project alternatives
e A brief explanation as to why the project alternative was selected
e A brief explanation of the assumptions made during LCCA

e Conceptual or schematic documentation indicating design intent of the

alternative

e Asite plan showing the integration of the proposed facility on the site and the
necessary site improvements (for projects involving additions or new

construction)
e Adetailed LCCA of the project alternative

e A summary table that compares the total life cycle costs of Initial Investment,
Operations, Maintenance & Repair, Residual Value of all the project

alternatives.

According to H. Paul Barringer (2003), LCC follows a process (Fabryck 1991-
Appendix A) as shown in figure 2.2 below;
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Figure 2.2: LCC Process
The steps outlined in the above figure are;

Step 1-ldentify what has to be analysed and the time period for the project life study

along with the appropriate financial criteria.

Step 2-Focus on the technical features by way of the economic consequences to look

for alternative solutions.

Step 3-Develop the cost details by year considering memory joggers for cost

structures.

Step 4-Select the appropriate cost model, simple discrete, simple with some
variability for repairs and replacements, complex with random variations, etc.

required by project complexity.

Step 5-Acquire the cost details.

Step 6-Assemble the yearly cost profiles.

Step 7-For key issues prepare breakeven charts to simplify the details into time and

money.
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Step 8-Sort the big cost items into a Pareto distribution to reconsider further study.

Step 9-Test alternatives for high cost items such as what happens if maintenance cost

1s £10% than planned, etc.

Step 10-Study uncertainty/risk of errors or /alternatives for high cost items as a

sanity check and provide feedback to the LCC studies in iterative fashion

Step 11-Select the preferred course of action and plan to defend the decisions with
graphics

2.3.3 Required data and information for life cycle cost calculations

Data required for proper Life Cycle costing is not easy to collect and yet it is the
most important requirement for the process to be successful. The more the data and
information available, the more accurate and successful the LCC Analysis will be.
Below is Figure 2.3 (figure 1, Erika Levander, Jutta Schade and Lars Stehn, 2009)
which shows categories of data requirements, according to reviewed literature for

carrying out LCC Analysis

Occupancy
Occupancy /v— \
|I' Cost Data Y Pfﬂfi le Physical Data
Acguisition cost Functionality Superficial floor area
Capital cost Types of boiler/ heatin
Taxes Hours of use ¥pe system o
Inflation .

Discount rate Particular feature Window area
Management cost \._ _/‘ Functional areas
Replacement cost Mumber of occupants
MSSMETSIGE: Cost X / Walls and ceiling

Operating cost . ,
MO, of sanitary fittings

Cleaning cost T es Uf LIfE \

Demalition oost Yp _/

\ Insurance / C?CIE Data

4 Quality Data N / /Perfnrmance Data\
Condition of: Maintenance cycles
-Sanitary fittings Cleaning r.:vcles
-Pipe work
L Thermal
-Furnizhing .
Bol conductivity
=Boller
-Decorations Occupancy time
-Fabric Electricity
l\-— -Road surfacing j \ Gas j

Figure 2.3: Categories of data requirements.
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In the early stages of design, physical and occupancy data can be used to identify
similarities between different projects and determine whether a comparison can be
made between them. Flanagan et al (1989) stressed the importance of occupancy data
as an equally important key factors especially for public buildings. Performance and
quality data are rather influenced by policy decisions such as how well it should be
maintained and the degree of cleanliness demanded (Kishk et al., 2003). On the
other hand, Quality data are highly subjective and less readily accountable than cost
data (Flanagan et al., 1989). As the design gets into a more advanced and detailed
stage, life cycle cost estimation is based more on performance and cost data of a
building (Bakis et al., 2003). Cost data as will be seen below, would be almost
meaningless if they are not complemented by other data types. These data need to be
seen in the context of other data categories to obtain a correct interpretation of them
(Kishk et al., 2003). Because LCC is a decision making tool, it is important for this
data to be presented and compared (for the different options) in a way that will make

decisions easy to make.

2.3.4 Analysis period

Another important factor concerning data required is the analysis period. This is the
period of time over which the Life Cycle costs are to be evaluated. The length of the
analysis period which can vary between any given years is dependent on the owner’s
preference, of course with advice from a building professional. Salway (1986)
suggested that the time scale for the analysis should be the least of physical,
functional, and economic lives (of the facility). Because the discounting factor
applied in the analysis tends to make future costs less significant, there is a general
consensus that the analysis period should not be too long. In addition, the
uncertainties in the future cannot be effectively defined based on existing data (Davis

Langdon Management Consulting 2007).
In the ISO 15686-5, the typical analysis periods are listed as follows:

e The period of foreseeable need or occupation of the constructed asset(the life

cycle);

e A period determined by a contractual liability (e.g. for maintenance of the

asset or for a mortage financing the investment);
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e A standard investment analysis period applied within an organisation;

e If the life cycle of the asset is longer than 100 years, the period of analysis
used in the calculations may be 100 years as the calculation is unlikely to be
significantly affected beyond this point.

2.3.5 Estimate of service life of building components.

Knowing the service life of building components is very important for the
anticipation of maintenance, renewal and/ or replacement cycle and their respective
costs. This would also be a step towards building sustainability which has become a
major concern in the world today. By knowing the components’ life times,
comparisons would easily be made between the different component alternatives and
building as a whole by factoring in the maintenance, renewal and replacement costs.
Davis Langdon Management Consulting (2007) suggests that the necessary

information about the service life of components can be obtained from:
v" Experience in the use of materials;
v" Testing institutions;
v Research publications;
v Manufacturers of building products;

v" Database holders.

2.3.6 Sources of data

The data requirements for producing a Life Cycle Cost Analysis are extensive, but
lack of relevant data remains one of the main constraints for the implementation of
LCC (Sterner, 2000). And yet for an accurate LCC Analysis to be realised, reliable
and up-to-date information needs to be gathered for use.

Flanagan et al. (1987) and Boussabaine and Kirkham (2005) listed three major data

sources for Life Cycle Costing as follows:
i.  Data from manufacturers, suppliers, contractors and testing specialists
o Material and product suppliers and manufacturers;

o Government testing bodies;

19



o Institutions such as Building Research Establishment (BRE),
American Society of Civil Engineers.

They say this source of data can be seen as the best guess. Because despite the fact
that they (manufacturers, suppliers and testing specialists) may not know how the
facilities are used, they may have a detailed knowledge of the performance and
characteristics of their material and components.

ii.  Forecasting models

If the required data is not available, mathematical models can be developed
for analysing costs. Statistical techniques can also be incorporated to address

the uncertainties.
iii.  Historical data

In the UK for example, the consistent sources such as BCIS
(http://www.rics.org/uk/knowledge/bcis/) and SPONS pricebooks are
available for cost estimation. Other sources of information they state may

include clients’ and surveyors’ records, and journal papers.

2.3.7 Cost breakdown structures for LCCA

LCC includes all costs related to an asset’s/ project’s different phases of it’s life
cycle and these costs may vary depending on the particular project/ asset being
considered. It may vary due to various reasons such as the reason why these costs are
being considered or the available alternatives to be compared. According to H. Paul
Barringer (1998) the basic tree for LCC starts a simple tree based on the costs of
acquisition and the costs for sustaining the acquisition during its life. This is shown

in figure 3 (figure 1. H. Paul Barringer, 1998).

Life Cycle

Cost Tree

Acquisition | Sustaining
Costs Costs

Figure 2.4: Basic Tree for LCC.
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When an equipment, asset or building system is acquired, it must be sustained
throughout its useful life. Therefore, the acquisition costs and sustaining costs are not
mutually exclusive because when you acquire an asset you always require extra
funds to sustain that acquisition and you also can’t sustain without having acquired

the asset.

Below, according to figures 4 (figure 2. H. Paul Barringer, 1998) and figure 5 (figure
3. H. Paul Barringer, 1998) which show what costs go into each category of

Acquisition costs and Sustaining costs respectively;

Acquisition cost
tree
]
[ ]
Research & Non-recurring Recurring
Development Investment Investment
Costs Costs Costs
| Program ] Spare parts & |
Management Logistics Upgrade Parts
| R&D | Manufacturing || |  Support
Advanced R & and Operations Equipement
D & Maintenance Upgrades
- . . - - - System
Engineering Facilities & Intergration of
Design Construction Improvements
—{ Equipment |} = Utility
Development & Initial Training Improvement
Test Costs
N Engineering N . N Green & Clean
Data Technical Data Costs

Figure 2.5: Acquisition cost tree.
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Sustaining cost tree

Sched & Unshed - -
Maintenance Costs Facility Usage Costs Disposal Costs
| Labor, Materials & | L] Energy Costs & JPermits & Legal Costs|
Overhead Costs Facility Usage Costs Allowing Disposition
=1 Replacement & =1 Support & Supply | =] Wrecking/ Disposal
Renewal Costs Maintenance Costs Costs
eplacement/ Renewal] [~ | : | -
Transportation Costs Operations Cost Remediation Costs
N System/ Equipment N Ongoing Training for | Write-off/ Asset
Modification Costs Maint, & Operations Recovery Costs
Engineering Technical Data
Documentation Costs Management Costs Green & Clean Costs

Figure 2.6: Sustaining cost tree.

It should be noted that “the cost of sustaining equipment ranges from 2 up to 20
times more than the cost of acquisition” (H. Paul Barringer, P.E. 1998). Therefore
the initial costs of acquiring are usually very small and easier to determine compared

to the sustaining costs which are more expensive and not obvious to determine.

What exactly goes into acquisition and sustaining cost all depends on the specific
case of the project at hand and the organisation to perform the analysis. For example
a nuclear power plant to generate electricity will have special categories of
acquisition and sustaining costs as compared to construction of an office block or
hospital. Or firm A may include certain costs that firm B does not consider necessary
for inclusion. Therefore during LCC it is important for one to include the appropriate
cost elements and discard the trivial elements that may not have any substantial

influence on the out of LCC.
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Referring to appendix D, for Life Cycle Cost Categories for State of Alaska -
Department of Education & Early Development Alaska School Facilities and
appendix E, 1SO 15686-5 (ISO, 2006) list of cost categories and variables required,
one can realise that cost categories and variables vary from organisation to
organisation. In appendix D, the costs are of two types; Initial expenses and Futures
expenses. The initial expense includes all the initial investment cost variables while
the future expense includes variables of; operation cost, maintenance and repair cost,
replacement cost and residual value. Appendix D on the other hand, states variables
categorised in groups; acquisition costs, maintenance, operation and management

costs and residual/ disposal costs.

2.4 Theoretical Economic Evaluation Methods for LCC Analyses.

The core principal in a LCC economic evaluation method is to bring all the various
costs that occur at different timings to an equivalent amount for the same select
period. Therefore, for input into the calculation, all future costs are converted to their
current equivalent by using a suitable discount rate in order to take into account the
time value of money. Literature has shown abroad range of economic evaluation
methods for LCC Analysis with each having its advantages and disadvantages. It is
also important to note that each of these methods has been formed for different

purposes and the user should be aware of this.

Below is a table 2.1 (table 1, Erika Levander, Jutta Schade and Lars Stehn, 2009) of
reviewed literature by Erika Levander, Jutta Schade and Lars Stehn, (2009) that
gives a brief summary of the advantages and disadvantages of different economic
evaluation methods of LCC. It also gives brief information about what each method

calculates and what it is usable for;
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Table 2.1: Methods of Life Cycle Costing (table 1, Erika Levander, Jutta Schade and
Lars Stehn, 2009).

Method What does it Calculate Advantage Disadvantage Usable for
Calculates the time required to | Quick and easy | Does not take | Rough estimation
return the initial investment. | calculation. Result | inflation, interest or | to see if the

Simple The investment with the | easy to interpret | cash  flow into | investment is

Payback shortest payback time is the | (Flanagan et al., | account (Oberg, | profitable
most profitable one (Flanagan | 1989). 2005, Flanagan et | (Flanagan et al.,
etal., 1989). al., 1989). 1989).

Basically the same as the | Takes the time | Ignores all cash | Should only be
Discounted | simple payback method, it just | value of money | flow outside the | used as a

Payback takes the time wvalue into | into account | payback period | Screening device,

method account (Flanagan et al, | (Flanagan et al., | (Flanagan et al., | not as a decision

(DPP) 1989). 1989). 1989) advice (Flanagan

etal., 1989).
NPV is the result of the | Takes the time | Notusable whenthe | Most LCC
application of  discount | value of money | comparing models utilize the
factors, based on a required | into account. | alternatives  have | NPV method
rate of return to each years | Generates the | different life | (Kishk et al,
projected cash flow, both in | return equal to the | lengths. Not easy to | 2003). Not
and out, so that the cash flows | market rate of | interpret (Kishk et | usable if the
are discounted to present | interest. It uses all | al., 2003). alternatives have
value. In general, if the NPV | available data different life

Net present

is positive it is worthwhile
investing (Smullen and Hand,

(Flanagan et al.,
1989).

lengths
(Flanagan et al.,

value (NPV) | 2005). But as the focus in 1989).

LCC is on cost rather than on

income, the usual practice is

to treat cost as positive and

income as negative.

Consequently, the best choice

between two  competing

alternatives is the one with

minimum NPV (Kishk et al.,

2003).

This method expresses the one | Different Just gives an | Comparing

time NPV of an alternative as | alternatives with | average number. It | different
Equivalent | a uniform equivalent annual | different life | does not indicate the | alternatives with
annual cost | cost. For that it takes the | lengths can be | actual cost during | different life

(ECA) factor present worth of | compared (ISO, | each year of the | lengths (1SO,

annuity into account (Kishk et | 2004). LCC (I1SO, 2004). 2004).

al., 2003).

The IRR is a discounted cash | Results get | Calculations need a | Can only be used

flow criterion which | presented in | trial  and error | if the investments

Internal rate

determines an average rate of
return by reference to the
condition that the values be
reduced to zero at the initial

percentage which
gives an obvious
interpretation

(Flanagan et al.,

procedure. IRR can
only be calculated if
the investments will
generate an income

will generate an
income, which is
not always the
case in  the

of return point of time (Moles and | 1989). (Flanagan et al., | construction
(IRR) Terry, 1997). It is possible to 1989). industry  (Kishk
calculate the test discount rate etal., 2003).
that will generate an NPV of
zero. The alternative with the
highest IRR is the best
alternative (1SO, 2004).
The NS is calculated as the | Easily understood | NS canonly be used | Can be used to
difference between the present | investment if the investment | compare
worth of the income generated | appraisal techniqu | generates an income | investment
Net saving by an inves_tment and the (Kishk et al., 2003). | options (IS0,
(NS) amounted  invested.  The 2004). But only
alternative with the highest net if the investment
saving is the best (Kishk et al., generates an
2003). income (Kishk et
al., 2003).
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Most LCCA models use the PV (present value) method because it takes the time
value of money into account and generates the return equal to the market rate of
interest. With this method, it is possible for one to determine the costs incurred for
each year at today’s rate. Thus yearly costs of different project alternatives can be

compared.

It is important to note that the definition of the term NPV involves both in and out
cash flows as stated in table 2.1. This means that incomes are included. However, for
LCCA calculations, incomes are excluded. Therefore for LCCA calculations, the
term Present Value (PV) with the same definition as NPV but excludes incomes
should be used rather than the use of NPV.

However, when projects with different lives are being compared, the Equivalent
Annual Cost method is the most suitable to use. It expresses the one time NPV of an
alternative as a uniform equivalent annual cost by taking the factor present worth of
annuity into account. In this case, it expresses the PV of an alternative as a uniform
equivalent annual cost. It therefore gives an annual average cost for each alternative

hence enabling comparison of projects alternatives with different lives.

2.4.1 Discounting formulas

Discounting techniques enable one to account for the timing of cash flows and the
associated costs of money. By using discounting formulas, all benefits and costs
estimated for future years must be converted to present values or annual values to
account for the time value of money. They can also be converted to a specific time in
the future. Converting these cash amounts to equivalent values (discounting) at a
given time is performed by applying discount formulas, or corresponding discount
factors, to benefit and cost data associated with a given project alternative for

investment.

The reason for discounting is because the costs and benefits of buildings are typically
spread over time, they must be adjusted to a common time basis before they can be
aggregated to determine a single value thus the economic performance. Discounting
is performed by applying discount (interest) formulas or corresponding discount
factors calculated from the formulas, to the estimated costs and benefits that result

from a given investment.
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Steps in Discounting:

a) Determine the;

e Discount rate to be used

e Time period to be considered for LCCA

b) Insert into respective Discounting Formula

c) Apply to Amount in question

d) Find Equivalent Value at desired Time

There are specific formulas for each kind of cash flow and some of these include the

following;

To find the present value equivalent of a single amount to be received in the
future, the single present value formula (SPV) is used (2.1).

P =S [1/(1+i)"] (2.1)

To find the present value equivalent of a uniform series of future cash

amounts, the uniform value formula (UPV) is used (2.2).
P=RI[((1+)" - 1)/ i(1+i)"] (2.2)

To find the same value in the future of a single cash amount received today,

the single compound amount formula (SCA) is used (2.3).
S=P@+i)" (2.3)

To express a future value as a same uniformly recurring annual value, the
uniform sinking fund (USF) is used (2.4).

R=S[1(L+i)"-1] (2.4)

To find the same value in the future of a stream of uniform cash amounts over
a period of years, the uniform compound amount formula (UCA) is used
(2.5).

S=R[((1+)" - 1)/ 1] (2.5)

To express a present value as a same uniformly recurring annual value, the

uniform capital recovery (UCR) is used (2.6).
R=P[(i @+ @Q+i)-1] (2.6)
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Whereby;

I represents an interest rate per interest period
n represents a number of interest periods

P represents a present sum of money

S represents a sum of money at the end of n periods from the present date that
IS equivalent to P with interest i.

R represents the end-of-periods payment or receipt in a uniform series

continuing for the coming n periods, the entire series equivalent to P at interest i

2.4.2 Selection of a discount rate

Discount rates may be expressed in either “nominal” or “real” terms whereby a
nominal discount rate includes both the effects of inflation and the real earning
power of money invested over time while a real discount rate reflects only the real
earning power of money, and therefore is lower than a nominal rate would be, given
the same conditions. A real rate is generally considered appropriate for evaluating
investments if the general rate of inflation is not included in future cash flows. On
the other hand a nominal rate is appropriate if cash flows are inflated. Below is the

relationship between a nominal discount rate and a real discount rate:
Real Discount Rate= (1 + nominal discount rate/1 + general price inflation rate) - 1

As noted by Barringer (1996), generally the most difficult question in any LCCA
application is which discount rate to apply. The analysis and eventual conclusions of
an LCCA application can be greatly impacted upon by the discount rate used. For
example, if the discount rate for a particular alternative is set too low a valid project
option may be rejected, and vice versa (AAMCoG (Australian Asst Management
Collaborative Group), 2008). It is therefore of great importance to apply the right

discount rate for each particular situation.

The discount rate may reflect the effect of only real earning power of money invested
over time or it may also reflect the effects of inflation (Woodward, 1997). One
justification for either using real or nominal rates was that for public assets, benefits
should depend only on real gains. However, it was also noted that price change

effects from nominal cost values & rates can be factored out, or nominal rate values
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can be used as long as there is maintained consistency throughout. However, most
literatures seemed to base LCC calculations on the constant real discount rate and

real value.

Whichever rate is selected, it is important that an accurate value is selected. It will
depend on the entity in question, the asset being examined and the point in time at
which the cost is being incurred. Both for the LCCA Better Practise Guide released
by the Australian Audit Office (2011) and the Australian/New Zealand standards
guide, a rate is selected which reflects the risk-adjusted rate of return on the asset
which justifies the long-term retention of the asset by the entity. According to Davis
Langdon Management Consulting, (2007), the following methodologies have been

observed from various literatures on how to select an appropriate discount rate;

e At the current or expected rate the organisation must pay for the use of its

borrowed funds;

e At the rate of return that could be expected from loaning of money, but which
is denied to the organisation by the need to fund its own projects (sometimes

referred to as opportunity cost);

e At the lowest rate of industrial borrowing for a financially sound, well

established company;

e At test discount rate can be used based on the assumption that when inflation
rates are reasonably low there is a stable relationship between inflation and
base rate, implying a real discount of 4%;

e Investments in long term treasury bonds can be assumed to have no risk.
Therefore, the discount rate can be taken as the Treasury bond rate less an

allowance for the expected rate of inflation.

An appropriate discount rate will therefore vary from firm to firm and will need tobe
determined by competent individuals with good financial skills. Factors both internal
and external will affect what discount rate is finally selected. For example, the
Guidance on Life-Cycle Cost Analysis(2003) released by the Federal Energy
Management Program suggests a rate based on the 12 month average of the
composite yields of all outstanding US treasury bonds (AAMCoG, 2008.) It is
therefore not clear and there is lack of an appropriate level of guidance or framework
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for the actual discount rate value selection. There needs to be a more uniform and

universal approach to selecting a discount rate for LCC Analysis.

2.4.3 LCC formulas

The LCC formula applied as mentioned earlier will vary depending on the
organisation’s cost categories, the purpose of the procedure or the nature of project
alternatives at hand. For example, the model from the American Society for Testing
Materials distinguishes between energy and other running costs. This is useful in

adopting different discount rates for different cost items:

Generally, a LCC formula is the summation of; initial costs, construction costs,
maintenance and repair costs, operation costs occupancy cost and a negative residual
cost or value. The residual value must be subtracted from all other costs because it is
the remaining value of the building and therefore an income that must be deducted
from expenditure. As indicated in the literature review, what lies under each of these
cost categories may vary from organisation to organisation. Some may even create

extra cost categories or combine so of the above in order to suite their criteria.

However, each of the above mentioned cost must be discounted using an appropriate
discount rate to either a present value (PV) or an equivalent annual cost value (EAC).
This will depend on whether the project alternatives being compared have the same
life time or different lives. As mention earlier, for projects with the same lives the
NPV method is the easiest and most commonly used and for projects with different

lives, it is advisable to use the EAC method.

2.5 Uncertainty Considerations in Life-Cycle Cost Analysis.

Most decisions about building-related investments involve a lot of uncertainty about
their costs and potential savings. Despite the fact that performing an LCCA greatly
increases the likelihood of choosing a project that saves money in the long run, there
may still be some uncertainty associated with the LCC results. Because LCCASs are
usually performed early in the design process, only estimates of costs are available,
rather than certain expected expenditure amounts. Uncertainty in input values means

that actual outcomes may differ from estimated outcomes.
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Therefore, there are techniques for estimating the cost of choosing the "wrong"
project alternative. Deterministic techniques, such as sensitivity analysis or
breakeven analysis, are easily done without requiring additional resources or
information. These two methods produce a single-point estimate of how uncertain
input data affect the analysis outcome. Probabilistic techniques, on the other hand,
quantify risk exposure by deriving probabilities of achieving different values of
economic worth from probability distributions for input values that are uncertain.
However, they have greater informational and technical requirements than do

deterministic techniques.

Whether one or the other technique is chosen depends on factors such as the size of
the project, its importance, and the resources available. Since sensitivity analysis and
break-even analysis are two approaches that are simple to perform, they should be

part of every LCCA.

2.6 Difficulties and Limitations of Performing LCCA

The application of LCCA has some difficulties and hardships involved. Below are

some of these limitations as observed from the various literatures reviewed:

Data collection; a lot of data, both accurate and appropriate has to be collected to
enable a proper LCCA. The data types may include; cost data, quality data,
occupancy data, performance data, and physical data of a facility and its individual
components. Therefore a lot of time and resources has to be dedicates to this thus
making it a limitations. And yet the more the data and the more accurate it is, the
more reliable the results of the LCCA.

Discount rate determinations; Determination of what discount rate to use for the
analysis still remains a challenge despite the many studies already made. Possible
applicants see this as a limitation because the discount rate to be used will
significantly impact on the outcome of the LCCA. Therefore in case a wrong
discount rate is used, a wrong or an alternative that is not the best maybe chosen due

to an error in the results.

Uncertainties of future costs; LCCA is best done as early as possible before any
alternative is selected. But a lot of future costs and information has to be determined

so that a proper comparison can be made. However, there are a number of
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uncertainties that affect the determination of future values. This too presents possible
challenges and difficulties.

Intangible aspects of a project; LCCA is a technique that uses tangible values such
as cost of a project. However projects have intangible value such as aesthetic and
comfort levels. It is therefore difficult to combine the results from LCCA with the
intangible aspects of the project and this is still a challenge

Ignorance of clients; A number of construction clients are ignorant and unaware of
the benefits of LCCA. They therefore give it a low priority in their demands thus its
limited practise.

2.7 Conclusion of Literature Review

The different literatures have defined LCCA in more or less the same way but with
different wording. There is a consensus that it is an analysis that takes into account
all related costs in the life cycle of any facility or asset in question. From the
acquisition of land, to the construction of the facility, to it’s operation, maintenance

and repair, to its renovation and finally disposal at the end of its useful life.

LCCA has been acknowledged as a decision making tool to enable owners and
professionals to select between different alternatives that aim at providing the same
objectives and benefits. It is not only applicable for the construction industry but all
other industries. The best option is the one with the least total cost to be incurred
after its use or after the given period of the analysis. A lot of data and information
about each option involved is necessary for the successful application. Different
sources of data have been documented such as from suppliers and manufacturers,
forecasting models and from historical archives. Collection of data has been stress as

one of the difficulties to perform the analysis.

The period of time for which the LCCA can be performed varies depending on the
nature of projects in consideration and their objectives. Some LCCA handbooks and
organisations may have a standard period of time stipulated for a LCCA. But this

varies from firm to firm depending on the requirements.

Cost categories created for LCCA also vary from organisation to organisation. But at
the end of the analysis, all cost elements are included even though some may be in

different categories. Sometimes costs that are similar in value for all alternatives or
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costs that do not make a significant difference in the final outcome are not included
in the LCCA. Therefore it is apparent from literature sources that the final set of cost
elements which are included in the analysis depend greatly on the purpose of the
application. For example depending on the asset being assessed, disposal costs may
be replaced by a salvage value. However all this should be noted at the planning
stage of the analysis.

Determining which discount rate to use has been noted as a contentious issue. From
the literatures, there is no clear guideline on how one can determine which discount
rate to use between the real and nominal interest values. However, there is a general
linage towards the use of the real interest rate. But even then, what exact value and
what should be considered to determine it is still not clear. Further studies and
research are required on determining the right discount rate to use because it
significantly affects the outcome. Therefore, with a wrong discount rate a less

favourite alternative maybe chosen for execution.

Finally, LCCA is seen as a tedious process that needs a lot of time and resources to
be allocated to its application. But, if it is well applied, the benefits are worth the
effort.
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3 QUESTIONNAIRE DESIGN AND THE SURVEY

3.1 Questionnaire Design

3.1.1 Overview

The aim of the research is to propose a checklist that can be used for Building Life
Cycle Cost Analysis in Uganda. And to achieve this certain objectives must be met
and these include:

a. To review current literature on Life Cycle Cost Analysis.

b. To find out what information is necessary and/ or used for Life Cycle cost
analysis in the developed world.

c. To find out whether Life Cycle Cost analysis is practised in Uganda and
what information and data is used and how it is done.

d. To compare the LCC Analysis practise in Uganda with the developed world
and existing theoretical literatures.

e. To propose a Checklist for Building Life Cycle cost analysis in Uganda.

Obijectives a and b were achieved by the literature review whose contents have been
stated and discussed in the previous chapter (2 LITERATURE REVIEW). The
questionnaire focused first on achieving objective c. The questions asked were with
the intention of extracting information on whether Life Cycle Cost Analysis is
practised in Uganda. And whether it is practised or not, what information is available
for Building Life Cycle Cost Analysis and how this information is used by the
building professionals in Uganda. To achieve objective d, the information and data
gathered from the questionnaire forms was then used to compare with what has been
mentioned and gathered from the literature review. After this comparison and
discussion was made, the last objective, e, was achieved through a proposed checklist
for Building Life Cycle Cost Analysis in Uganda. Therefore, a mixture of a
structured and unstructured questionnaire was designed to suit the above stated

research aim and objectives.
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This research can generally be seen as a mix of both qualitative and quantitative as
will be seen in the kind of questions asked. A total of 29 questions were asked.
Closed typed, semi- closed typed and opened ended questions were used in the
questionnaire. In this case semi-closed type refer to those questions which give the
responder an option (besides the stated ones) to give their own response. Closed type
were 2, semi-closed 22 and open type questions were 5. Below is figure 3.1 showing

the percentage of each:

Question Categories

m Close
m Semi-closed
Open

Figure 3.1: Question catergories (n=27).

The reason for having most of the questions open and semi-closed was to allow the
respondents give the researcher as much information as possible to enable the
researcher to achieve his aim and objectives.

A brief or introduction about this research was prepared and given to the responder
together with the questionnaire form. The purpose of the brief was to give the
responders a brief background of the topic at hand and to provide the reasons and
intentions of the research. A summary of the methodology used was also contained
in the brief. A sample of the brief and questionnaire is appended in Appendix A and

B respectively.

3.1.2 Sections of the questionnaire

The questionnaire was divided into two sections:
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Section 1

Section 1 contains 6 questions and was aimed at gathering general background
information about the responder. This helped the researcher understand the
responders better:

Question 1: It is to ask the profession of the respondents. By knowing the profession
of the  responder, it gives more reliability to the data as it will indicate which area
of the built environment they specialise.

Question 2: It is to ask what kind of work the responder’s company or institution
does. It may be involved in architectural, engineering, contracting, quantity
surveying, project management works or in government works. This would indicate
what point of view they have concerning the Life Cycle Cost Analysis topic.
Question 3: It was to ask how long the responder has been practising in the built
environment field. There more experience in the construction field, the more the data
given will be perceived reliable.

Question 4: It was to ask what kind of projects they normally engage in. residential,
commercial, public, hotels or other. This questions aims at finding out whether the
kind of project has a relation to whether or not LCCA is performed.

Question 5: It was to ask the level of educational background the responder’s clients
have. This will enable the research find out where the client level of education has a
relation to the demand to perform LCCA.

Question 6: It was to ask how many projects the responder and their firms have
actively participated in or done. This will enable the research understand whether the
number of projects done has a relation to the performance of LCCA.

Section 2

Section 2 of the questionnaire contains questions that relate directly to the topic of
Building Life Cycle Cost Analysis and Management.

Question 7: Asks whether the responder is familiar with the concept of Life Cycle
Cost Analysis and Management. This will determine how reliable the next answers
will be.

Question 8: Asks the responder to give a brief state on what LCCA and management
means to him/her and the respective organisation. This will also enable the research
hypothese what the next responses will be.

Questions 9 & 10: They were to ask whether the responder and his or her colleagues

are aware of the benefits of LCCA.
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Questions 11 & 12: They were to ask whether LCCA is done for the responder’s
projects and whether his/her firm has someone specifically responsible for it. It will
enable the research know if LCCA is being gone.

Questions 13: It was to ask whether the clients ever demand for a LCCA. This
would explain if LCCA is done due to client demands.

Question 14: It was to ask whether the concept of LCCA is part of the curriculum at
Built Environment departments in Universities. This would tell whether Ugandan
graduates are aware of LCCA and its benefits.

Question 15: It was to ask what evaluation methods are used during selection of
different options. This would inform the researcher what else besides or in conjuction
with LCCA is used to aid decision making.

Question 16: It was to ask what sources of information are there to aid the methods
stated in the previous question’s response. The research will learn the data and
information sources in Uganda.

Questions 17, 18 &19: They were to ask where one can access this information and
its accuracy. The research will know to what extend this information is accessible
and its reliability.

Question 20, 21 & 22: They were to ask why clients don’t demand for LCCA,
whether they are informed about its benefits and why they are not informed if so,
respectively. This would enable the research know whether it is the clients or the
building professionals to blame for the lack of LCCA practise in Uganda.

Question 23: It was to ask if there is any guide or model for LCCA in Uganda. This
would give the research a starting point to propose a checklist or use it as a basis if
there was one.

Question 24 & 25: They were to ask whether is is necessary to perform LCCA in
Uganda and why. This would give the responders view on the need for LCCA in
Uganda.

Question 26: It was to ask what the responder thinks is the reason professionals are
not performing LCCA. This would enable the responder understand some of the
hindrances to the performance of LCCA in Uganda.

Questions 27, 28 & 29: They were to ask the responder to give their views on what
can be done to encourage the LCCA practise, what they recommend and general

advice they can give the researcher. The researcher would be able to get ideas from
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professionals operating in Uganda about what can be done to make LCCA a common
and appreciated practise.

3.2 The Population

The survey population was comprised of building professionals operating or with
offices within the central region of Uganda. It is important to note that most of these
professionals may have done or are currently handling projects in other parts of the
country. The central region was chosen because this is the most developed region in
Uganda and most of the big and more advance professional firms and professionals
have their bases here. It is also home to Uganda’s capital city and majority of higher
learning institutions. It was therefore seen as the best region to collect useful data for

this research.

Below is figure 3.2 that shows the different regions of Uganda;

Figure 3.2: Map showing regions of Uganda.
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Purposive sampling was used. The researcher specifically chose who to interview
with the aim of generating relevant information to aid in this research. Because Life
Cycle Cost Analysis is a concept that is still gaining moment in its application (even
in the developed world), the researcher thought it wise to purposively choose
responders to interview since the research was being done in a developing country.
Uganda as a country is still behind in a great number of sectors, and this includes the
construction sector. Therefore, the nature of the information and data sought needed
to be obtained from a selected sample space. Professional bodies such as the Uganda
Society of Architects and the Institution of Surveyors of Ugandan provided a list of
registered and practising members from which the research was able to pick most of
the population sample. The following are the criteria used to select who to send the

questionnaire to (/responders):
e Place of work.

Professionals that are both practising in the field and part of the academia at various
universities were taken as a target sample. The research thought that these
professionals would be in good position to combine both their academic practise
knowledge and experience in the field to give reliable information in accordance

with the guestionnaire questions.

Professionals that are also working with government institutions such as ministries,
the army and city councils were also a target group. Their response would bring in
responses from the government’s or local authorities’ points of view. It would also
inform the research what is happening in government and local institutions as

concerns to LCCA.
e Experience and Known public works

Professions or firms whose work is well known and recognised in the public domain
in Uganda as generally successful were also a target group. They may have for
example been part of a team that participated in the construction of some of the
country’s most outstanding structures. This presents a perception that important

information can be got from them.

These professionals or firms are also known as some of the oldest in the country

hence the perception that they would provide useful information to this research.

e Recommendation by fellow professionals
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As the researcher distributed questionnaire forms and gather information and data,
some responders advised him on whom else or who best to interview for such data
because of the perception that more accurate and reliable information can be got
from them. So such professionals and firms were also part of and included in the

purposive sample.
e Academic qualifications

Professional bodies such as the Uganda Society of Architect (U.S.A) on an annual
basis publishes a list of all registered members with their contacts, places of work
and academic qualifications. It is this list that the researcher used to single out
possible interviewees by looking at their academic qualifications and considering

those with;
o Qualifications more than a first degree in Architecture,
o Project and/or construction management postgraduate studies,
o PHD degrees and those
o With degrees obtained from abroad (outside the East African region.)
e Personally known.

The research also contacted responders who are known to him personally as former
work colleges, former employers, former lectures or acquaintances. But only those

the responder thought would give important information were contacted.

3.3 Survey Statistics

There were 70 sets of questionnaires sent out to building professionals and firms in
Uganda. The target professionals were Architects, Quantity surveyors, Engineers,
Project Managers, Contractors and academicians who are registered and practising
professionals in any of the former fields. 27 sets of the sent questionnaires were

returned filled. Refer to Table 3.1 for Summary Response of Survey.
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Table 3.1: Summary Response of Questionnaire forms.

Number of Number of Number of questionnaires
questionnaires  questionnaires return as filled
sent return as
filled
70 27 38.57%

Majority of the questionnaire respondents were architects and quantity surveyors.
These were also the biggest number to whom the questionnaires were sent to. This is
because in Uganda, the project management profession has not yet picked up so it is
mainly the Archictects that take on this role. Thus they are generally responsible for
the projects from the initial stages completion which makes them the professionals in
the best position to give reliable responses. The quantity surveyors in the same
respect are the ones who are brought on board by the architect (rarely by the client)
to deal with the issues related to cost. They are therefore also the right professionals
to fill the questionnaire form since they specialise in cost related issues. Below is

table 3.2 which shows the percentage of each profession and their responses;

Table 3.2: Frequency Statistics.

Professional Number of  Percentage of = Number of  Percentage of
Background/  questionnaire questionnaires responses  questionnaires
work sent out sent out returned returned
Architects 28 40 12 44.4
Quantity 24 34.3 8 29.6
Surveyors
Engineers 14 20 5 18.5
Business/ 4 5.7 2 7.5
Contractors
Total 70 100% 27 100%

Below figure 3.3 shows a summary of the percentages of responses received from

each profession.

40



Academic Background

m Architectural

m Engineering

= Quantity surveying

m Business (Contractor)

Figure 3.3: Academic Background (n=27).

Many of the respondents perform more than one nature of works at their place of
work. 11 said they do architectural works, 8 engineering works, 9 contracting works,
9 quantity surveying works each, 1 government works and 1 stated other works. The

latter specified the other works as project management and property development

and investment. Below, figure 3.4 shows the percentage share of work done by the
respondents:
Government

Dept
3%

Nature of Works involved in

Architectural
works
28%

Quantity
Surveying
23%

Figure 3.4: Nature of works responders do (n=27).
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On how long they have been working and practising in the built environment,
majority of the respondents have work for between 5-10 years. Table 3.3 shows

statistic for the respondent’s experience:

Table 3.3: Experience of responders.

Years of Number Percentage
Experience

Less than 2 0 0%

2-5 3 11%
5-10 13 48%

10- 20 6 22%

More than 20 5 19%

Total 27 100%

The respondents have worked and participated on different kinds of projects which
include but are not limitted to; residential, commercial(hotels, shopping malls,
restaurants etc), offices, public (schools, hospitals, governmentals) and industrial

projects. And most of their clientele can be categorised as literate.

Table 3.4 shows the number of projects the respondents said they have so far

participated on with there firms and institutions of work;

Table 3.4: Number of projects done.

Projects Number Percentage
Less than 10 2 7%
10-20 3 11%
20-50 8 30%

50 - 100 5 19%

More than 100 9 33%
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The figure 3.5 below expresses this in percentage form

Less than 10
7%

10 - 20.

11%

No. Projects done

Figure 3.5: Number of projects done (n=27).
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4. ANALYSIS AND DISCUSSION OF THE RESULTS

4.1 Understanding of the Concept of Life Cycle Cost Analysis

The concept of Life Cycle Analysis is still new in Uganda and Africa as a whole. 19
of the respondents said they were familiar with the concept, 3 were not and 5 said
they have heard about it but have never bothered to apply it. Most responders said
they were not sure if their colleagues in other firms know about this concept. Refer to
figure Table 4.1 and Figure 4.1 below for this statistic:

Table 4.1: Level of Familiarity with LCCA concept.

Familiarity Number Percentage
Yes 19 70%

No 3 11%
Heard of it but 5 19%

never applied it

Total 27 100%

Familiarity with Concept of LCCA & Mgt

Heard of it
but never
applied it

19%

Figure 4.1: Level of Familiarity with LCCA concept (n=27).

All those who said they were familiar with the concept stated clear and correct
definitions for it that were similar to those in the literature review. Some of their

definitions and explanations included:
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Life Cycle Cost Analysis & Management is an imperative economic analysis used in
the selection of options that affect both anticipated and future costs of a project. It
evaluates preliminary investment choices and classifies the least cost options for a
twenty year period. But it should be noted that the period of the analysis is not
restricted to 20 years. It varies depending of the project and objective of the analysis.

It is the selections of materials, plant equipment and components which whilst not
exceeding established budgets, will provide a building which will operate
economically and minimum maintenance cost, minimum recurring expenditure and

length of life for the specified building.

Life Cycle Cost Analysis (LCCA) is a method for assessing the total cost of facility
ownership. It takes into account all costs of acquiring, owning and disposing of a
building or building system. It is especially useful when project alternatives that
fulfil the same performance requirements, but differ with respect to initial costs and
operating costs, have to be compared in order to select the one that maximizes net
savings. Application of this methodology by a firm / consultancy such as ours would
support a holistic and environmentally conscious design and project management
approach, which should result in overall net savings in the long term for our

clientele. It would also lead to sustainable design and project management.

Design decisions (including alterations in construction) have a short and long term
cost implication. For a client to get the optimal cost benefit balance in a project,
design decisions have to be evaluated on both scales - the short and long term. This
requires analysis of available data on performance of materials, configurations,
technologies etc...used in design. Most of the decisions nevertheless are made based
on prior experience or producers' specifications without rigorous scientific analysis.
Decisions are made this way because it is costly and time consuming to collect
and/or investigate their effectiveness and to thereby develop norms of action. At
times, decisions may be made out of ignorance in the absence of better options.

An investment management tool that assists decision making by comparing and

analysing capital costs against costs in use over a given period of an investment.

Main points to pick from the definitions and understanding of Life Cycle Cost
Analysis by the responders and from the literature review include the following:
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It is a decision making tool between different alternatives that aim at

providing the same objectives and benefits.

It considers all costs from acquisition through construction to operation,

maintenance, repair & replacements/ renewal and finally to disposition.

A lot of data and information about each option involved is necessary for the

successful application.

It can be done over a specified period of time that is determined depending on

the nature of projects in consideration and their objectives.

It can either be done for selection of each building component or project as a

whole.

Cost values involved must all be converted through discounting to the same

time value of money before they are aggregated.

Majority of the respondents representing 48% stated that they partially perform

LCCA. One respondent that represents 4% said he does it all the time. 30% never do

it while the remaining 18% do it only if a client demands. Below is table 4.2 and

figure 4.2 which show the statistic of responders that practise LCCA at their places

of work:

Table 4.2: Application frequency.

Application of Number Percentage
LCCA

All the time 1 4%

If a client 5 18%
demands

Never 8 30%
Partially 13 48%

Total 27 100%
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Application of LCCA

4%

m All the time

If a client demands
= Never
m Partially

Figure 4.2: Application frequency (n=27).

Life Cycle Cost Analysis requires a good understanding of the concept and a lot of
data and information about a building and its components in order to be performed
fully as seen in the literature review. As will be restated in the reasons for its limited
use in Uganda, it is difficult to have all this. This is the reason why most

professionals in Uganda either do not perform LCCA or perform it partially.

However, there are number of other methods and technics that are used by building
professionals in Uganda for decision making and selection between different projects
and their different components, materials and systems. These technics are also

applied by professionals abroad. They include the following:
e Aesthetics of the building
e Durability of materials, components and systems
e Initial costs and capital investment
e Consultations and experience from past projects
e Research and market trends
e Post occupancy evaluation studies
e Payback period

e Cost data compiled by company
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e Analysis of current costs at the time of design against alternatives provided

by suppliers.

e Working with and consulting other specialists such as mechanical and

electrical consults.

It should be noted that a number of the above mentioned methods are part of the
broader LCCA method thus the reason for partial application of LCCA by Ugandan

professionals.

4.2 Considerations for Application of LCCA

Information and data about building components to aid in the application of LCCA in

Uganda can be obtained from;
e Building materials catalogues;
e Manufacturer and supplier manuals
e Economic trends in terms of interest rates and material prices;
e Past experiences and cost data compiled within a company office.

These sources are similar to those used by professionals in the developed countries.
In developing countries however, there exist extra sources such as websites were
historical cost data can be extracted. Moreover, there are forecasting models that can
also been used which is not the case in Uganda. Uganda does not have any cost
databases where different companies can provide information on some of the projects
they have done in the past. This is only possible at a companies’ internal level.
Government agencies, universities, private sector, manufacturers, producers &
suppliers, the internet, design codes & standards and exposes & gatherings are some
of the major places mentions where the information can be found. However, 84% of
the respondents said that the information is sometimes accurate while only 4% said
that it is accurate all the time. This therefore gives doubt in the effectiveness and
reliability of a LCCA result when such data is used. Most respondents also observed

that it is not easy for one to access this information all the time.
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4.3 Limitations and Difficulties of Applying LCCA in Uganda

Most of the clientele in Uganda do not demand for LCCA on their projects because;
it is too costly, it is too time consuming, the have never heard of it, they prefer other
methods and many of them are only interested in the short term benefits. However,
the respondents noted that the main reason clients do not demand for LCCA is that
they are not aware of its benefits. And despite that fact that most professionals
indicated that they inform their clients about LCCA, clients have not yet taken it up
as part of their project pre-requisites. This is also a similar challenge in developed
countries whereby clients are not very aware of the benefits of LCCA thus not
considering it a prior in their demands for building services.

Although professionals believe it is very necessary to perform LCCA, Uganda does
not have any known guide, framework or checklist for the application of LCCA. This
can partly explain why LCCA has not been taken up in Uganda since professionals
lack any basis for the process.

Lack of reliable sources of information and data for LCCA is another limitation to
the practise. And available information is also not always easily accessible by the

professionals as indicated in the survey.

When asked what they think was lacking for professionals to carryout LCCA in

Uganda, figure 4.3 give a percentage of each of the reasons why;

What is lacking for professionals

Other
3% )
Information &
Don't know data
3% 15%
Accurate

Information
& data
19%

Figure 4.3: What is lacking for professionals (n=27).
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Majority of them said it was literacy of both the clients and themselves and their
fellow professionals of LCCA that is the main reason why it is not being practised in
Uganda. Other reasons included; the lack of information and data and accurate one
too. Few started that due to a lack of a single source of information and data it was
difficult to perform LCCA in Uganda.

One of the responders pointed out that there is also a limited range of materials
available in Uganda. Since LCCA’s main objective is to assist in decision making
between choices, it would not be very helpful in a situation where similar materials
are being used in the different alternatives. But in case these alternatives vary
considerably in other aspects then the need for LCCA would arise.

Until it is proven to clients and professionals that LCCA affects the commercial
viability of a project, it will be difficult to have this embraced by professionals.
Therefore, as long as professionals and clients understand the benefits and how to
carryout LCCA, then it will surely be taken up.

4.4 Conclusion

Life Cycle Cost Analysis is still a very new an unexplored technique of economic
evaluation for the construction sector. Despite that fact that most professionals are
aware of its existence and benefits, it is not being practise in Uganda. Those who
attempt to apply it do it partially because they lack the appropriate tools for its

performance. Ignorance by both professionals and clients is another factor.

However, majority of the professionals seem to understand and know the benefits
and need for the practice of LCCA in Uganda. And this gives hope that it will be
taken on in a few years to come. With the changing trends in the world where value
for money is becoming the order of the day, techniques such as LCCA are being sort
out. This should also be the case for Uganda that is still a developing country and has

been hit by economic hardships in the past.

Other economic evaluation techniques are already being used in Uganda that are also
used by professionals in the developed world. Resources for LCCA in Uganda are
limited when compared to Europe and America. For example Uganda does not have
any form of combined data bases where records of past projects are kept for future

use. Yet in Europe and America companies offer information to be kept and used in a
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general data bank thus making it easy to find information for LCCA. The culture of
keeping such records it not yet strong in Uganda.

Despite all these challenges and limitations, it is possible to carry out LCCA in
Uganda with the available tools, data and information as will be proposed in the next
chapter.
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5. PROPOSED CHECKLIST FOR BUILDING LIFE CYCLE COST
ANALYSIS IN UGANDA

5.1 Proposed Procedure

5.1.1 Procedure

Below are proposed steps to be followed while performing Building Life Cycle Cost

Analysis in Uganda:

a)

b)

d)

f)

9)
h)

Identify what project alternatives are available (these may also be

building systems, materials, shapes, sizes etc)

Give a brief description of each alternative and the reasons why it is a

project option for possible execution;
State and explain the assumption made for the LCCA,;
Determine the following to be used in the calculation;

i.  Method of LCC, for example PV or EAC methods and

respective discounting formulas;
ii.  Length of study period,;
iii.  Discount rate;
iv.  Cost categories and all costs considered under each.
Determine and Estimate all costs to be included at today’s rates;

Apply the costs into appropriate discounting formula and obtain

output value;
Aggregate the output values together for each alternative and

Compare the results for each alternative and make a decision.

53



5.1.2 Stages
Therefore 3 main stages are proposed for the execution of LCCA in Uganda;

1. Planning stage;

This stage should include steps a, b, ¢ and d of the proposed procedure above. It is
the most crucial stage of the analysis. Here the available project alternatives should
be identified and brief descriptions about each mentioned including why they are
considered possible options for execution. Assumption for the analysis are also made
and stated, and influential factors that can have a huge impact on the outcome of the
LCCA are determined. These include; the method of LCC to be used, the length of
the study period, the discount rate to be used and finally the cost elements to be

considered for each cost category.

2. Application stage;

Here steps e, f & g of the proposed procedure are included. It involves the
determination and estimation of cost values for each element. This can be done in the

following ways;

o Use of historical data. Here the professional would use data from
previous projects that may have been similar in nature, size, materials,
design, function/use patterns, operational characteristics or other

factors that may be deemed fit.

o Engineering method. This involves the direct estimation of a
particular component. Prices and cost of these can be got directly from
the market, traders, supplies & manufacturers, internet and other

sources. This technique is similar to quantity surveying.

These values should then be applied into the respective discounting formulas to
obtain an equivalent value at a given time. Aggregation for each category should

then be made and a total sum of all categories obtained for each project alternative.

At this stage it is important to consider the uncertainities involved in the cost
estimations made. It is therefore appropriate to carryout sensitivity analysis or break
even analysis so that the decisions that will be made later will have taken risk factors

into consideration.
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3. Comparison and Decision stage.

At this stage step h is executed. This involves the comparison of the outcome of all
the computations made. It is when the different alternatives and compared to obtain
the best suitable option. Each year, each cost category and each alternative can be
compared. After this comparison, a decision should be made on which option is the

most suitable for execution.

5.1.3 Proposed tables

Tables have been proposed that can be created in excel or a suitable computer
programme to easy the ability to apply the formulas to the different cost elements

and also to make comparison easy. Refer to figure 5.1 as a sample table:

Discounting Aggregated
COST ITEM Interest rate 1yr 2yr 3...nyrs
formula value

Acquisition costs

Sub-total
Construction costs

Sub-total
Operation cost

Sub-total
Maintenance and Repair Costs

Sub-total
Replacement Cost

Sub-total
Renovation Costs

Sub-total
Salvage value

Sub-total

TOTAL

Figure 5.1: Proposed application table.

Proposed in the table is a column for cost items, for discounting formula, for interest

rate used, for each year period considered and finally for the aggregated sum of each
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cost item. It is proposed that the rows should contain each cost category; Acquisition
costs, Construction costs, Operation costs, Maintenance and Repair costs,
Replacement costs, Renovation cost and a Salvage value. Under each of these
categories will be specific cost items. Sub-totals of each category should also be
made to enable comparison at this level. A final raw should have the totals of each
year and also a combination of all the years and all cost categories. The above table
should be filled for each project alternative separately where the respective data will
be filled.

A second table is proposed to combine the data for each of the respective project
alternatives into a summary for easy comparison. Refer to figure 5.2 below:

Optionl Option 2 Option 3 Option ...n

Acquisition costs
Construction costs

Operation cost

Maintenance and Repair Costs
Replacement Cost

Renovation Costs

Salvage value

TOTAL

Figure 5.2: Proposed summary table.

With proposed table in figure 5.2 above, each of the cost categories for each option
can be compared by viewing them side by side. This will enable the decision maker

make the best decision after a thorough comparison.

It should be noted however that the salvage value will be recorded as a negative. This
is because it is not a cost but rather can be categorised as an income. It should

therefore be subtracted from all other costs.

5.2 Critical Areas to Note that would have a great Impact on the Outcome of the
LCC Analysis

5.2.1 Choosing method of LCC to apply

When choosing the method of LCC to apply, the professional should be sure of
whether the alternatives available share the same number of life cycle years or are
different. In case they have different lives, then Equivalent Annual Cost method must

be applied. In this method, all costs will be discounted into an average annual value
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before they are aggregated. And in case the project alternatives share the same life
cycle years, the Present Value method should be used. With this method all costs are

discounted to today’s equivalent value and then aggregated to get the total cost.

5.2.2 Choosing discount rate

Discount rate select will have an immerse impact on the LCCA outcome. Literature
reviews has still not come up with a systematic ways of determining which rate to
use. Whether real or nominal or what factors to consider. In 2011-12 Uganda
experience high inflation levels of up to 30% across all products. This could be an
indicator of the need to use a nominal rate. However, in situations where the inflation
Is rather stable it is advisable to use a real rate thus not considering the effects of
inflation. But whichever rate is chosen, different firms will have different
considerations for the rate they pick. The following can help professionals in Uganda

determine what exact value to pick;

o Borrowing rates set by the different commercial banks and other lending

institutions,

o A rate that is charged on the companies/ clients current loans or that rate a

client expects to pay for the use of borrowed funds.
Whichever rate is finally chosen, it must be the same rate applied to each cost
element and for each project alternative to eliminate errors of inconsistency.
5.2.3 Choosing the length of study period

The length of study period is yet another fact that can greatly influence the outcome
of a LCCA. Different organisations and clients choose different study periods for
various reasons. However, in Uganda, the following are proposed as guides or

indicators for choosing a suitable study period,

e The time required to pay back a loan/ debt. (if money for the project was

borrowed)

e The time when the client wishes to have achieve the main objectives for the

project executed.

e It should not be too long considering the uncertainties in the economy and

political atmosphere.
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e The life time of the project with the shortest life cycle.

5.2.4 Cost categories

The following main cost elements are proposed to be included under each of the

proposed cost categories:
Acquisition costs:
e Land acquisition
e Site investigations
e Legal fees
e Indirect costs
e Design services
e Tendering process costs
e Equipement costs
Construction costs
e Earth works
e Substructure
e Super structure
e Walls, windows, doors & vents
e Roofing
e Finishing
e Site improvement
e Equipment & technology installations
e Construction management services
o Legal fees & permits
e Administrative
e Commissioning costs

e Contingency
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Operational costs

Facility management
Insurance

Operational Taxes & legal fees
Electricity bills

Water and sewerage bills
Garbage disposal

Security

others

Maintenance and repair costs

Site utilities and improvements
Substructure

Super structure

Walls, windows, doors & vents
Roofing system

Plumbing fixtures

Electrical systems

Floor and ceiling

Finishes

Equipment

Fire protection systems

Other

Replacement costs

Site utilities
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e Super structure components
e Walls, windows, doors & vents
e Roofing system
e Plumbing fixtures
e Electrical systems
e Floor and ceiling
e Finishes
e Equipment
e Fire protection systems
e others
Rennovation costs
o Site utilities
e Super structure
e Roofing system
e Plumbing system
e Electrical systems
e Floor and ceiling
e Finishes
e Equipment
o Fire protection systems
e Others
Salvage value
o Site utilities
e Super structure

e Roofing system



e Plumbing system

e Electrical systems

e Floor and ceiling

e Finishes

e Equipment

e Fire protection systems
e Others

It should be not that the Building LCC analysis should not be limited to the above
cost elements. Extra elements or adjustments can be made as seen fit by the
professional during the planning stage.
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6. CONCLUSION AND RECOMMENDATIONS

6.1 General

This research has explored the application of LCCA in the construction industry
through a study of various literatures on the topic around the world. Then through
questionnaire forms (refer to Appendix B) distributed among Ugandan construction
professionals to obtain their view on the topic and compare with what is written in
the literatures. Finally a checklist was proposed for carrying out Building Life Cycle

Cost Management in Uganda.

Referring to chapters 2 and 4, difficulties and limitations to the practise of LCCA in
the construction industry have been mentioned and discussed at length. However
advantages and benefits have also been noted. Requirements for LCCA have also
been well documented and their relevant application explained. Steps, stages and
procedures for carrying out LCCA were expounded upon at great length in the
literature review. All this led to the proposal of a checklist for LCCA in Uganda.

There is a lot of literature documenting how LCCA can be applied but a few
examples illustrating how it has been successfully applied and its outcomes. This,
however, could be because LCC calculations and corresponding cost models and cost
data are commercially sensitive. Nevertheless, more effort has to be put on
demonstrating how LCCA relates with other evaluation techniques like Life Cycle

Assessments or benefit-cost studies.

As state in the literature review in chapter 2, the results of LCCA applications are
only as accurate and reliable as the data and information that are used. Therefore
data and information collected are the back born of a successful LCCA. Uganda, as
noted in chapter 4, faces a huge challenge of having accurate, reliable and accessible

data since this has a direct impact on the success of a LCCA.

However, many more challenges are and will be faced by professional who attempt
to apply LCCA in Uganda. But due to the greater advantages and benefits the
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application brings along, it is worth going through all the effort to perform LCCA in
Uganda.

6.2 Why LCCA should be taken up in Uganda

It has been mentioned in chapter 4 during the analysis of the questionnaire forms that
LCCA is not fully practised by most professionals in Uganda. But from the literature
review and views from professionals practising in Uganda, there are a number of

reasons why professional and clients should embrace and start applying LCCA;

e It is important to practise LCCA in Uganda in order to evaluate all costs that
arise from owning, operating, maintaining and ultimately disposing of a
project. LCCA is useful for the assessment of building design options that
suit a requisite level of building performance (including user comfort, safety,
observance of building codes and engineering standards, system reliability
and aesthetic considerations), but which may have varying initial costs,
differing operating, maintenance and repair (OM&R) costs and possibly

different lives.

e The maintenance culture in Uganda is not strong. People are keen on getting
the initial building cost which is high and do not want to hear about more
costs. Taking up LCCA application will therefore create a sense of awareness
of the need to have all costs considered in the early stages since that will lead
to a less expensive option in the long run. A high construction cost may in the

long run lead to a less expensive life cycle cost if LCCA is practised.

e It should because clients in Uganda like everywhere else deserve the best
product for their investment. Life Cycle Cost Analysis helps to develop a
good product and promotes and leads to sustainability, environmentally

friendly and responsible design practises.

e It will add value to the project and it is also and international best practise

thus raising the quality of the Ugandan construction industry.

e The trend in the world is toward sustainable development. And LCCA can be
used to create sustainable projects in terms of economics. Therefore
professionals will have no choice but to get in line or else they will become

irrelevant in today’s construction world.
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6.3 Recommendations for LCCA to be taken on in Uganda

e More exposure and sensitisation through trainings and seminars where the
importance of Life cycle costs is illustrated. This will create awareness and
also inform the professionals and clients of the benefits of this practise.

e The concept has to first be introduce in all Higher Education Institutes of
learning and then to extend the programmes to professionals already working.

It should be incorporated into the curriculum of university students.

e The professionals should make the clients aware of the potential benefits of
LCCA. Most clients are not aware that design options that increase their
capital outlay may significantly reduce their future operating costs. The
clients should therefore be made aware of the need to appraise running costs

at the early stages of design options.

e Professionals, individually or in their respective firms should volunteer to
collect accurate information and data from their colleagues or from the
building industry and be able to share such information and data. This data
can then be used in the application of LCCA thus removing the barrier of lack

of reliable information.

e Professional bodies should encourage such services from members to clients
and collect and harmonise information into a data bank that may be accessed
by professional members. During CPDs (Continuous Professional
Development seminars), members should be encouraged to present and
discuss such information and data for the development of LCCA to potential

clients.

e Setting up of systems to investigate and publish performance of various
building materials, technologies, configurations etc. This may be taken up at
national (Uganda) or regional (East Africa) level. This means government

would have to come in to enforce this as a policy.

e LCCA should be made a prerequisite by government authorities in charge of
building development, and proof of its utilisation should be presented to plan
approval authorities when building plans are submitted.
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6.4 Recommendations for Further Research

This thesis has been the tip of the iceberg for future research on the topic of Life

Cycle Cost Analysis and Management for Uganda in particular. It should act as an

opening to deeper and newer areas within this topic in Uganda. However, throughout

the literature review, it is clear that more research should be done at a global level to

improve the effectiveness of LCCA for a specific aim. Further research would also

increase on the number of clients and professionals that apply LCCA. It has been

noted in the literature review that one of the reasons why LCCA is not widely

applied is the uncertainty by clients and professionals of some of the inputs required.

Below are a few areas recommended for further research that would bring confidence

to the would-be practitioner and thus more application of LCCA:

More research to come up with firm guidelines for choosing the best interest
rate to apply during LCCA,;

The relationship between building environment and sustainability issues and
their assessment, and Life Cycle Cost Analysis and how the two can be

combined;

How LCCA relates to other methods of building economic evaluation and

how a combined application can be done;

More research dedicated to publishing successful applications of LCCA in the

construction industry;

The accuracy and reliability of building data and information for LCCA in

Uganda;

Research on life span of building materials, components and systems used in

Uganda.
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APPENDIX A

Questionnaire Brief

ISTANBUL TECHNICAL
UNIVERSITY

THESIS RESEARH

MSc. PROJECT & CONSTRUCTION
MANAGEMENT

Student Name: Julius HAKIZIMANA

Student ID: 5024111417
Supervisor: Prof. Atilla Dikbas
Topic:

BUILDING LIFE CYCLE COST MANAGEMENT.

Working Title:

DEVELOPING A CHECKLIST FOR BUILDING LIFE CYCLE COST
ANALYSIS IN UGANDA.

BRIEF

Generally, a lot of focus has been place on the need to minimized production/
construction costs of a building forgetting about the impact of other costs and the
decisions made in the various phases on the general building life cycle cost. Other
costs include; initial land acquisition costs, maintenance and repairs, renovations,
design costs to mention but a few. Decisions may include what kind of building
systems, materials, shape, and many more that could significantly affect the long
term cost of the building. And yet, minimising the cost of construction does not
automatically lead to a reduction on the total life cycle cost. On the contrary, a higher
construction cost could lead to a reduced LCC provided other long term costs are put
into consideration.

Today, more and more focus is being turned to LCC management and not just single
phases of the building’s lives. This means that a lot of data, records and information
about a building, its materials and systems have to be gathered for one to make a
proper LCC analysis. A number of challenges have already been documented and
research done in this area.

The purpose of this study is to review some of the research that has already been
done into order to find out what information and how it is used by building
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professionals today to carry out LCC analysis. Focus will then been drawn to the
situation in Uganda. Uganda is a developing country located in East Africa that lies
under the equator.

Questionnaires will be used to find out first, whether LCC Analysis is performed in
Uganda or not. Then information about how LCC analysis is done and what sources
of information are available for that in Uganda will be collected and a comparison
made with what is being done in the developed world and also in the current
literature on LCC analysis. In addition, information on what the challenges of doing
a LCC Analysis in Uganda or why it may not be being practised will be gathered.
This will be done with the sole purpose of coming up with a Framework/ guide and/
or Tools for building LCC analysis in Uganda.

AlIM:
e To develop a Checklist for Building Life Cycle Cost Analysis in Uganda.

Julius HAKIZIMANA

Mob Contact:

Uganda: +256772186699/ +256706161086

Turkey: +905545058497

Email: hakizaman@yahoo.com/ juliushakizimana@gmail.com
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APPENDIX B

Questionaire form

ISTANBUL TECHNICAL
UNIVERSITY

(INSTITUTE OF SCIENCE &
TECHNOLOGY)

M.Sc. THESIS QUESTIONNAIRE FORM

Program: M.Sc. PROJECT & CONSTRUCTION
MANAGEMENT

Student Name:  Julius HAKIZIMANA

Student ID: 5024111417

Supervisor: Prof. Atilla Dikbas

Thesis Topic:

BUILDING LIFE CYCLE COST MANAGEMENT

Working Title:

PROPOSED A CHECKLIST FOR BUILDING LIFE CYCLE COST
ANALYSIS IN UGANDA.

QUESTIONNAIRE FORM:

Please respond to the following questions by either ticking the appropriate box (if the
form is printed or highlighting and saving your answer to bold Italics format) or by
writing your answer in the space provided (bold Italics format).

For example;
Qn: What is your name?

(] John
L] Julius
[ Jane
[] James
For the question above, Julius is selected as the answer.
Please note: All information provided will be treated in the strictest of confidence.
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SECTION 1:
1. What is your academic background?
[] Architectural
H Engineering
O Quantity Survey/ Building Economics
[] Business (Now contractor)

[ Other (STALE) ettt e
2. What does your company or institution do?

Architectural works
Engineering works
Contracting works
Quantity surveying

Government department or NGO (explain)

N I I I I

Other (State) ... .veetii et e e

3. How long have you been practising in the Built Environment?
[] Lessthan 2 years
(] 2-5 years
(] 5-10 years
[1 10-20 years
[] More than 20 years

4. What kind of projects do you normally engage in
Residential

Commercial (hotels, shopping malls, restaurants etc)
Office

Public (schools, hospitals, government)

Industrial

N I I I

(01111 W (] 721 =) P P

5. What is the level of education of most of your clients?
L] Nliterate (did not attain any education)
[] Semi- literate (attend primary school)
[] Literate (attended secondary school)
] Very literate (attended at a higher institution of learning)
[ Other (711 TSP



6. How many projects have you/ firm or institution actively participated in?
[] Lessthan 10
[] 10-20
[] 20-50
[] 50- 100
[] More than 100

SECTION 2:

7. Are you familiar with the concept of Life Cycle Cost Analysis and
Management?

[ Yes

[] No

[] Never heard of it

[] Heard of it but never applied it

[] other (7 11S) PR

8. Briefly state what it means and/ or involves to you as an individual or firm?

9. Are you (or firm/ institution) aware of the benefits of Life Cycle Cost
Analysis and Management?

(] Yes

[] No

[ Other (1<) OSSP
10. Do your colleagues know the benefits of Life Cycle Cost Analysis and

Management?

(] Yes

(] No

[] Not sure

[ Other 2T



11. Do you do Life Cycle Cost Analysis for your or firm/ institution’s projects?
1 All the time
[ 1f a client demands
L] Never
O Partially
[ Other 21
12. Does your firm/ institution have someone or department specifically
responsible for Life Cycle Cost Analysis calculations?
[ Yes
[] No
(] we are thinking about it
[ Other 2
13. Do your firm/ institution’s clients ever require you to make a Life Cycle Cost
Analysis?
1 All the time
[] Some times
(] No
[ Other (517173 T
14.1s the concept of Life Cycle Cost Analysis being taught in the Built
Environment departments at universities in Uganda (Is it part of curriculum)?
[1 All the time
[] Some times
(] No
[ 1 don’t know

[ Other (11 OSSP
15. What evaluation methods do you use to select between choices of; building
materials, systems, suitable choice of projects for clients etc

[] Life Cycle Cost Analysis
[] Others 517 11 T
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16. What sources of information and data are available to aid one in a building
(components or whole systems or projects) selection decision of any kind in
Uganda?

[] Building Material Catalogues

[ Manufacturer and Supplier manuals

[] Economic trends (e.g. interest rates)...

[] Past experiences

[ Other (21 P
17. Where can one access this information/ data?
Government AENCIES €.8. . ..ueuuineentitintit et aeaeneeeeenaennns
UNIVErSIties (STALE) €.8. .. uutnntenteitettete et eeeeeaes
NGO Bttt
Private SeCtOr €. 2. .. iueiit ittt

Producer and Suppliers €.g........c.ovuiiiiiiiiiiii

N I I I O

Other (State).....eieiee e

18. Is the information accurate?
L1 All the time
[] Some times
(] No
[ 1 don’t know
[ Other 2

19. Is the information easily accessible?

L1 All the time

[] Some times

(] No

L] I don’t know

L] Other (1) P S
20. Why don’t clients require you to perform a building Life Cycle Cost

Analysis?

[ 1t is too costly

[ 1t is too time consuming

[] They do not know the benefits

H They have never heard of it
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[] other [ () P
21. Have you (firm/ institution) ever informed clients about Life Cycle Cost
Analysis?
[ All the time
[] Some times
(] No
[ Other (2

22. If you answered negative above, why not?
L1 1 am not familiar with the concept
L] 1tis too costly for them
[ 1tis too time consuming
[0 Don’t think it is necessary
[] Don’t have the necessary information to perform it
[ Other (517173 T
23. Is there a framework, model or guide for Life Cycle Analysis in Uganda
today?
(] Yes
(] No
[J Idon’t know
[ other 7211 TS
24. Do you think it is necessary to practise Life Cycle Cost Analysis in Uganda
today?
e Yes
No

[}
e Idon’t know
LI @ 1115 ] 721 () P S

25. Why? (Explain response above)
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26. What do you think is lacking for professionals to carryout Life Cycle Cost
Analysis?

[ Information and data

[ Accurate information and data

H Ignorance by professionals on Life Cycle Cost Management

H Ignorance by client on Life Cycle Cost Management

[ Idon’t know

[ Other (57173 T

27. Briefly explain whether you think Life Cycle Cost Analysis should or will be
taken up among both professionals and clients.

28. What do you recommend to be done so that Life Cycle Cost Analysis is taken
up among both professionals and clients?
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29. Please mention any other information that you think may help my study in
order to develop and model/ framework/ guideline for Life Cycle Cost
Analysis in Uganda.

Thank you very much for your co-operation.
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APPENDIX C

Figure A.1 Location of Uganda on the African continent
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APPENDIX D
Life Cycle Cost Categories (for State of Alaska - Department of Education & Early
Development Alaska School Facilities

A. Initial Expenses

¢ Initial Investment Cost (one time start-up costs)
Construction Management
Land Acquisition
Site Investigation
Design Services
Construction
Equipment
Technology
Indirect/ Administration
Art
Contingency

B. Future Expenses

e Operation Cost (annual costs)
Heating Fuel
Electricity
Water and Sewer
Garbage Disposal
Custodial
Grounds
Lease
Insurance

e Maintenance and Repair Cost (scheduled & unscheduled upkeep costs)
Site Improvements
Site Utilities
Foundation/Substructure

Superstructure
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Exterior Wall Systems
Exterior Windows
Exterior Doors

Roof Systems

Interior Partitions

Interior Doors

Interior Floor Finishes
Interior Wall Finishes
Interior Ceiling Finishes
Interior Specialties
Conveyance Systems
Plumbing Piping
Plumbing Fixtures

Fire Protection Systems
HVAC Distribution
HVAC Equipment
HVAC Controls
Electrical Service/Generation
Electrical Distribution
Electrical Lighting
Special Electrical Systems
Equipment & Furnishings

Replacement Cost (scheduled replacement of building systems or
components)

Site Improvements

Site Utilities
Foundation/Substructure
Superstructure

Exterior Wall Systems

Exterior Windows
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Exterior Doors

Roof Systems

Interior Partitions

Interior Doors

Interior Floor Finishes
Interior Wall Finishes
Interior Ceiling Finishes
Interior Specialties
Conveyance Systems
Plumbing Piping
Plumbing Fixtures

Fire Protection Systems
HVAC Distribution
HVAC Equipment

HVAC Controls

Electrical Service/Generation
Electrical Distribution
Electrical Lighting
Special Electrical Systems
Equipment & Furnishings
Residual Value (value of facility at end of study period)
Site Improvements

Site Utilities
Foundation/Substructure
Superstructure

Exterior Wall Systems
Exterior Windows
Exterior Doors

Roof Systems
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Interior Partitions

Interior Doors

Interior Floor Finishes
Interior Wall Finishes
Interior Ceiling Finishes
Interior Specialties
Conveyance Systems
Plumbing Piping
Plumbing Fixtures

Fire Protection Systems
HVAC Distribution
HVAC Equipment

HVAC Controls

Electrical Service/Generation
Electrical Distribution
Electrical Lighting
Special Electrical Systems

Equipment & Furnishings



APPENDIX E:

ISO 15686-5 (I1SO, 2006) list of cost variables required

a) Acquisition costs

Acquisition costs include;

©)

©)

©)

o

o

Site costs;

Temporary works

Design/ engineering costs;
Regulatory/ planning costs;
Construction and earthworks;
Commissioning costs/ fees

In-house administration

b) Maintenance, operation and management costs

Maintenance, operation and management are necessary for ensuring that a facility
functions and operates properly and as planned throughout its life cycle. The cost
items considered in this phase are as follows:

o

o

o

Rates (this is an operation cost);

Insurance (this is an operation cost);

Energy costs (this is an operation cost);

Water and sewage costs;

Facilities management (this is an operation/ management cost);
Cleaning (this is an operation cost);

Security (this is an operation cost);

Annual regulatory costs (e.g. fire, access inspections) and regulatory
maintenance costs (this is a maintenance cost);

Maintenance (e.g. repairs, replacement, refurbishment);

Revenue from ownership or use of the asset (e.g. rent, service charges
etc)

Other costs to be considered in this phase include:
Demolition;

Cost of disposal;

Unanticipated costs resulting from legislation introduced subsequent
to completion of the constructed asset e.g. in relation to
environmental, health and safety requirements or fiscal matters

87



Maintenance activities usually include inspection, monitoring, testing,
condition surveys/ inspections, maintenance planning, repairing, refurbishing,
and partial replacements. The following indirect impacts of maintenance
works can also be taken into account:

o

O

o

Down time (loss of function for period);
The disruption of business activity;

The non-availability of a building/structure;
The cost effects of aesthetic condition;

The maintenance strategy;

External costs/saving data;

Whether any other costs or savings will be made as part of the option
appraisal process with this being identified in the LCC Analysis.

c) Residual values/disposal costs

A few alternatives are recommended in ISO 15686-5 (2006) for estimating
residual value:

o

o

o

“The prices for similar assets current on sale in the market;

Book estimates of resale value available from the industry or
government sources;

Using accepted practise to assess asset values.”

For estimating disposal costs, environmental legislation must be taken
into account.

d) Other cost variables

Other cost variables to be considered in LCC are:

o

o

o

o

Discount rate;
Inflation;
Taxes and subsidies;

Utility costs including energy costs

The environmental cost variables are currently not considered in the ISO standard.
Nevertheless, there have been attempts to incorporate eco-costs in LCC.
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