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Preface 

Saja Kosanović, Alenka Fikfak, Nevena Novaković and Tillmann Klein 

The continuous evolution of the notion of a sustainable and resilient 
built environment demands repeated examination. For this reason, 
the state-of-the-art thematic series Reviews of Sustainability and 
Resilience of the Built Environment for Education, Research and 
Design contributes to the comprehensive understanding of the two 
approaches and their interrelations in the built environment by 
retrospectively investigating their development, addressing current 
issues, and speculating on possible futures. The series represents 
one of the results of the Erasmus+ project, Creating the Network of 
Knowledge Labs for Sustainable and Resilient Environments – KLABS, 
dedicated to establishing a comprehensive educational platform within 
the second cycle of higher education across the Western Balkan Region. 

The sustainable and resilient built environment is a multi-layered and 
multi-disciplinary construct. To successfully tackle the intricacy of 
the points in question, the series of books comprises five thematic 
volumes that initially approach sustainability and resilience from 
the socio-spatial perspective, subsequently address sustainable 
and resilient urban planning and urban design, and then focus on 
individual buildings and a range of approaches, methods, and tools 
for sustainable and resilient design, placing particular emphasis on 
energy issues. By addressing different levels of the built environment 
and different aspects of sustainability and resilience in a systemic way, 
83 academics from 12 different countries gave 54 contributions in the 
form of narrative or best evidence articles with the main objectives of 
informing the development of specialised knowledge, building critical 
awareness of interdisciplinary and transdisciplinary knowledge issues, 
and connecting university education with the domain of scientific 
research. The broad aim is to develop the collection of reviews of 
sustainability and resilience of the built environment that are useful 
for students, educators, professionals, and researchers, all of whom 
are dealing with these two important subjects internationally. 

We express our gratitude to all authors, editors, reviewers, and 
members of the publication board for investing significant efforts 
in the development of the book series in the framework of the 
Erasmus+ project, KLABS.
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Reviews 

Steve Lo and Dionysia - Denia Kolokotsa

I

This book should provide a sound foundation for graduates and 
practitioners commencing their journey along a path towards 
resource efficiency and lifetime building performance design, 
specification, and analysis.

The generic foundations of renewable and non-renewable energy 
sources present a basic knowledge from which to develop an under- 
standing of the inter-related causes and effects of material selection 
on operational energy consumption.

The relative impact of the embodied energy of typical construction 
materials on the lifetime embodied energy becomes more important 
as the operational primary energy of the building is reduced through 
energy efficiency measures. Energy and carbon payback is a useful 
tool for commercial justification when planning lower carbon 
refurbishment and improvements.

The resilience of renewable energy systems is a more thought-
provoking approach that results in a useful resilience index rating. 
This can be used to inform the balance between the increased cost of 
additional passive/active measures to reduce base and peak loads, and, 
the economic viability of more optimally sized renewable solutions.

A clear chronology of the development of the thermal performance 
of buildings shows how it evolved from being fabric-focussed to 
focusing on improved total user comfort, resulting in useful parametric 
guidelines for building envelope design. The fundamentals of heat and 
mass transfer through the fabric are also presented in an easy to digest 
manner that clearly evaluates the importance, and relative significance, 
of each layer of the building envelope. A well-considered selection 
of relevant local case studies over the ages, and the resulting key 
envelope constructions, will be a useful reference point for the design 
and construction of future built exemplars. The indicators of achieved 
comfort will also help students to develop their understanding of the often 
conflicting inter-relationship between thermal, air, visual, and acoustic 
comfort. Their final design choices will show that optimal solutions 
often result from minor compromises of each parameter. This future 
generation of more informed energy conscious designers and users 
can advance towards more holistic comfort-based wellness indices.
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A clear background to the simulation landscape and building des- 
cription input processes will be most useful after some hands-on 
experience with the software. Researchers should strive for design 
and simulation environments based on rule of thumb guidance at the 
early stages, to more detailed dynamic modelling environments at 
later stages, to allow contiguous simulation matched with available 
building information as the design progresses. This would result 
in a more seamless transition from early basic location and site 
information, to more detailed data, such as occupancy, towards the 
end of the design process. Any performance gaps between designed 
and operational energy performance could then be supported by a 
rigorous programme of ongoing POE.

A concise but informative narrative clearly justified the benefits of 
climate-appropriate external shading solutions using local case study 
buildings, to produce informative and accessible outputs that can 
be developed into Useful Daylighting Illuminance (UDI) guidelines. 
The passive and active measures considered are a sound starting point 
to reduce base and peak energy loads before deploying renewable 
energy technologies, and can be used to improve initial simulation 
studies through parametric analysis.

The PH concept is well suited to the Balkan climate and the outputs 
have produced some useful lifetime energy comparisons between 
construction, renovation, and operational energy use and emissions. 
The inclusion of the five key indicators of building valuation provides 
very useful guidance for practitioners.

Life cycle analysis over a defined service life allows meaningful 
bench-marked comparisons to be made that can inform low-carbon 
improvement solutions. The calculation of payback periods by options 
that consider the realities of sensitivity analysis will prove invaluable 
to practitioners and academics alike.

This book provides a basic foundation for interested undergraduate 
students and fledgling practitioners to make more informed choices 
whilst remaining aware of the initial and lifetime energy/carbon 
impact of their solutions.

The outputs, tools, and guidelines presented are, in general, accessible 
and will assist greatly in their decision-making processes.

Dr Steve Lo
Bath, United Kingdom, March 2018 

II

The book entitled “Energy: Resources and Building Performance” 
provides an exciting and refreshing perspective on the energy aspects 
of the built environment. 
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The book starts by introducing the reader to the energy flows, the 
energy requirements on a global level, and the role of the built 
environment in the general energy context. Insights into the role 
of renewable energy in energy systems’ resilience are presented. 
The introductory section includes all necessary definitions and 
terminology supporting the reader with the necessary background 
information and knowledge. Simultaneously, this introductory section is 
an excellent starting point for students interested in going deeper into 
the specific research area. The second part is devoted to the assessment 
of the energy performance of buildings and the understanding of 
indoor environmental quality. The simulation techniques and the role 
of design are investigated in this section. The reader is guided smoothly 
through the calculation and simulation procedures and tools before 
entering the most important part of the book, which is the analysis 
of energy conservation strategies and the role of the design process. 
Advanced shading devices for solar control are discussed. Different 
variants of passive heating and cooling strategies are presented and 
analysed. The book then incorporates the critical subject of embodied 
energy and operational energy in buildings’ lifetime by pinpointing the 
necessity of life cycle analysis. 

By providing different perspectives of the energy efficiency technologies, 
ranging from an integrated overview of the energy sector to the role of 
renewables to the passive design, while simultaneously highlighting 
the importance of buildings as energy consumers, the book is a 
knowledge booster. It is an enjoyable piece of reading with illustrations 
and examples that can keep the readers engaged. 

Edited and authored by well-recognised experts in the fields of energy 
and environment, energy efficiency, renewables and energy and climate, 
the book provides hands-on knowledge that is extremely useful for 
students and researchers in the design, building sciences, energy, and 
engineering fields. The book supports the readers in understanding, 
applying, and testing different design strategies to achieve their 
energy and environmental benefits. 

Moreover, the book is a sweeping and comprehensive document that 
can serve as a one-stop reference for understanding, applying, and 
evaluating different energy efficiency measures in the West Balkan 
area as well as worldwide. 

I consider this book to be a valuable addition to library shelves for 
students, research institutions, and organisations, as it provides a 
different perspective in the integrated energy and environmental design 
of buildings and other urban structures. 

Dr. Dionysia - Denia Kolokotsa
Chania, Greece, March 2018 

TOC



231 KLABS | energy _ resources and building performance
Economic Evaluation of the Energy Efficiency Improvement Projects

Economic Evaluation of the Energy 
Efficiency	Improvement	Projects

Miloš Gasić1*, Tatjana Jurenić2 and Ivana Rakonjac3 

 * Corresponding Author
 1 Faculty of Architecture, University of Belgrade, Serbia, email: misko@arh.bg.ac.rs 
 2 Faculty of Architecture, University of Belgrade, Serbia, email: tanja@arh.bg.ac.rs 
 3 Faculty of Architecture, University of Belgrade, Serbia, email: i.rakonjac@arh.bg.ac.rs

ABSTRACT The process of adaptation of the buildings in architectural projects is codified by a set 
of energy efficiency regulations that are mandatory and which affect designers. To fulfil 
these requirements certain investments are necessary, which influence the economic 
performance of the project in construction phase, as well as in the long run over the 
building’s exploitation period. Therefore, an analysis of the economic effectiveness of the 
project is needed, which would also take into consideration the operation phase of the 
project, to include the whole life cycle. The methodology of the life cycle costs and savings 
analysis is presented in the following sections, which would be adjusted to the specific 
preconditions of the energy efficiency improvement projects, availability and possibility to 
gather relevant input data, as well as the perspective and understanding of architects as 
prospective analysis practitioners. The format of the proposed study is created to comprise 
several steps or phases, and their contents would be further elaborated. The methods 
that are applied include analytical procedure, comparisons, deduction and elaboration 
of the existing tools, and techniques and methods in the field of economic analyses in 
architecture and building construction. The resulting procedure allows for practical and 
theoretical implementation in actual projects. It is simple and straightforward to conduct, 
easy to understand, and open for expansion.

KEYWoRDS life cycle, evaluation, energy efficiency, costs and savings
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1 Introduction

The adoption of the new energy efficiency regulation in building codes  
of Serbia in 2011 brought about a new aspect in design practice. Para- 
meters for dimensioning outer envelopes of the object and the adjoining 
thermal insulation that were previously widely used and proven through 
professional experience have since been changed. This is also the case in 
terms of other widely used façade elements, such as windows and doors 
that are made of wood, plastic, or metal alike. On the other hand, it has 
been formally acknowledged that the energy available for the normal 
functioning of the buildings is getting scarce, and the costs associated 
with it are getting higher. The problems of energy resources, ecological 
implications, and the quest for sustainable alternatives have all been 
growing over the last decades. All the interventions on the building that 
require the issuing of a building permit, including adaptation works, 
are linked with the obligation to upgrade the energy efficiency category 
according to the regulatory rulebook. It is therefore implied that the 
appropriate systems and elements of building envelope have to be 
designed. At the same time, these requirements have implications on 
the capital investment for the client, affecting the life cycle costing. 
Through a well-balanced building intervention and the selection of 
heating and cooling systems, possibilities emerge to optimally achieve 
both regulated EPC (energy performance certificate) and the positive 
investment outcomes for client.

The global aim of the life cycle study would be to achieve a balance 
between cost and energy efficiency benefit on adaptation projects. 
To achieve this end, it will be necessary to define and explore which 
capital investments provide the best results during the life cycle, making 
savings that prove the investment profitable in the long run. Various 
methods and techniques of calculating costs and savings during the 
life cycle can be used in the process, as well as some of the economic 
performance measurements. It is also necessary to make choices 
regarding the study period, as well as dealing with the time value of 
money through the discount rate and currency expression in constant or 
current terms. However, above all, the analysis is based on the manner 
and creation of the design cases that would be considered.

Bearing in mind the needs of architects as practitioners, the prevailing 
types of projects, the availability of relevant information and data, 
and especially the global aims of the applied life cycle cost analysis, 
a seven steps model has emerged. These seven steps transform 
into seven chapters of the life cycle study in a project for building 
energy efficiency improvement. 

2 Project Description 

Even though the proposed model can be adjusted to a potentially wide 
array of projects, the most common form of energy efficiency project 
is the adaptation of an existing building. According to the regulations, 
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complete design documentation is needed for adaptation, which does 
not necessarily include the life cycle analysis study. Therefore, there is 
no code by which to regulate its contents, but it would be recommended 
that the project and the building information remain within a relevant 
scope for the life cycle study. This would start with a description of 
the project under consideration, consisting of three generic parts, 
which are as follows:

 – Basic information on the project to be analysed. In the short table format, 
some information should be given that creates a specific ID of the buil- 
ding: location, function, year of construction, the kind of intervention 
that is planned, the form of ownership, and the potential financing that 
is expected (private, public, partnership, etc). 

 – Project description summary. Comprising approximately one written 
page, the project should be described in terms of function, form, ma- 
terials, construction, equipment and other relevant features. Such 
chapters are standard for new projects, and should also be followed 
in all other projects. This description should encompass both existing 
buildings and planned interventions.

 – Building illustration. The life cycle study is not regulated by any code 
for project documentation. Therefore, it is advised that a reference be 
made within the life cycle study to the adaptation project documentation 
under analysis, and that an illustration of the building be added through 
an appropriate set of photographs and/or drawings. This should not 
exceed the length of one page. 

3 Formulation of Project Options 

Life cycle costs are meaningful in terms of decision making only when a 
project option is compared to a basic or reference case, also known as 
the zero option. In the case of an existing building, the reference case 
typically requires no investment. In this case, life cycle costs contain 
the use costs only, afterwards compared to the combined investment 
and use costs for other options.

In the case of the life cycle study of a new construction, the reference 
case is usually set as the one with the lowest investment costs, or the 
minimal acceptable performance level according to the regulations. 

There are three key points to consider when the options are to be 
selected. The most important one is to bear in mind that a good project 
decision directly depends on the quality of options chosen for analysis. 
An analysis based decision cannot be better than the best option 
considered, no matter how good economic evaluation is. This is all 
about a creative choice that precedes rigorous analytical procedure. 

The second point of interest would be to take into consideration only 
the options that meet the performance standards. Furthermore, other 
possible constraints should be considered, such as the availability of 
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energy sources, or the regulation requirements. It is not sensible to 
perform an economic evaluation on the option that would otherwise 
be rejected for other reasons.

Finally, in some cases, it is only required that the minimal performance 
level be met, whereas, in other cases, options that exceed the required 
threshold and bring additional advantages are favoured. If so, they 
should be observed, or, if they are of non-monetary nature, the benefits 
they allow should be noted and included in the documentation text.

3.1 Description of the Reference Case

In cases of the adaptation of existing buildings, the reference case is the 
zero option, without intervention. 

The reference case description principally relates to the systems and 
elements of the object, which can be broken down in the following way:

 – HVAC systems;
 – building envelopes and its layers;
 – façade, roof, and other elements and products with thermally insu- 

lating functions;
 – building structure with structural and partition elements.

After the building systems and elements definition, the next step would 
be to calculate energy losses and establish the energy category for the  
object.

3.2 Description of the Project Options

Following the reference case, a description of the proposed alternative 
systems and elements should be made, mainly in the form of text with 
some illustrations. Then, the calculation of energy losses is carried 
out and the energy category for the building established. Finally, it 
should be determined whether the object has achieved an upgrade 
in its energy efficiency category, which is a legislative prerequisite for 
building adaptation.

To make the decision based on an analysis meaningful, the fundamental 
minimum is to have at least two project options that can be compared 
to the reference case. The more project options we have, and the more 
elaborate they are in terms of the combined use of systems, materials, 
and products, the better educated the decision will be. However, it 
is common for all the analyses and studies to have an optimal level 
of effort, time, and cost allocated to the work. It is preferable not to 
surpass nor fall short of this optimal level to any great extent.
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4 Input Analysis Parameters 

Costs and savings in the project life cycle occur at different times, at 
different periods, and under the influences of all mechanisms that are 
associated with the time value of money. From the point of view of the 
analysis credibility, it is of paramount importance to consistently apply 
the accepted suppositions concerning money management in time. 
The accuracy of the suppositions can even be considered to be of lower 
priority than the uniformity of its application to all the project options. 

There are three basic input parameters for the life cycle analysis: the 
discount rate to be applied, the study period that is suitable for the 
planning horizon, and the manner of monetary expression of costs 
and savings incurred.

4.1 Discount Rate

Before summary costs that take place at different times within the study 
period can be compared, they have to be converted to a common point 
in time to reflect the time value of money. This conversion procedure 
is called discounting. It is customary to discount future costs and 
savings to the present value, so that they could be directly set against 
the investment cost.

There are several conventions to show money flow that can be adopted 
when discounting future costs to present value. One-time costs are 
usually discounted from the actual time of occurrence. Annually 
recurring costs, which occur once a year at approximately same 
amount, are typically discounted from the end of the year. Costs that 
occur at the start of the study period are not discounted because they 
already take place at present time.

A discount rate that is used to adjust future costs to the present value 
is, in fact an interest rate at which it is equal for the investor to reclaim 
his investment at that time or any other. The discount rate reflects 
an investor’s appreciation of time and money, or the return rate of 
the best option investment. The discount rate is also often referred 
to as the minimal acceptable rate of return (MARR). It is important 
to understand that each investor has preferences about money and 
therefore his own discount rate.

When life cycle cost analysis is carried out, there are three types 
of future money flows that arise, and each one is associated with a 
particular type of present value index (Fuller and Boyles, 2000).

 – one-time money flow is multiplied by the single present value index  
(SPV) to obtain the present value. Examples of these sorts of money flows 
are replacement costs or the residual value at the end of the study period.
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 – Annual equal amounts are multiplied by the uniform present value 
index (UPV) to obtain the present value. Examples for these are annual 
operation and maintenance costs. 

 – Annual changing amounts that differ from year to year at the known 
rate are calculated by multiplying the amount from the base year with 
the modified uniform present value index (UPV*) to obtain the present 
value. An example of this is the energy consumption for which it is 
estimated that it would remain at the same annual level, but the prices 
of energy sources would escalate at their own projected rate.

The calculation formulas for corresponding discounting indices are 
standard compound interest formulas, used on discount rates instead 
of interest rates, but are conveniently readily available for widespread 
use in form of discount index tables.

Inflation decreases the buying power of money through time. Money 
spent in different years, with different buying power, cannot be directly 
compared to provide a relevant result. When the economic evaluation of 
capital investments over time is performed, following the discounting 
procedure, both the changing buying power of money and the real 
earning power of money have to be taken into consideration. 

There are two basic methods of accounting inflation in the economic 
analysis (Fuller and Boyles, 2000):

 – Estimating future costs and benefits in the current currency, and 
discount them with the nominal discount rate, which means that the 
discount rate includes inflation rate; or 

 – Estimating future costs and benefits in the constant currency, and 
discount them with the real discount rate, which means that the 
discount rate doesn’t include inflation rate.

The methodology of life cycle cost analysis allows money flow to be 
presented either way. Analyses done in constant or in current currencies 
result in the same present value, and therefore support the same 
conclusions. Choosing constant currency is, however, usually more 
suitable because there is no need to predict future inflation rates. 
Prices in constant currency are not influenced by general inflation rate.

As mentioned before, prices of particular commodities and products 
escalate at rates that are not identical to the general inflation rate. 
These individual escalation rates are especially important for the prices 
of energy sources, which are known to have considerable deviations 
from the general inflation rate. This can be noticed from historical 
data. To deal mathematically with escalation rates, the same rules 
are applied as for discount rates. The resulting present value will be 
identical if the costs of the basic year are:

 – Escalated to the future value by using current currency and nominal 
prices escalation rate (E, inflation excluded), or discounted back to the 
present value using nominal discount rate (D); or
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 – Escalated to the future value by using constant currency and real prices 
escalation rate (e, which is differential rate), or discounted back to the 
present value using real discount rate (d).

If correctly conducted, both procedures finally show the same result.

The price escalation is considered to be constant over the years, as 
suggested by the basic equations and indices that derive from them. 
If that rate changes, which is the case in real life, future costs must be 
calculated with the compound rate. There are sources and publications 
that provide an estimation of the price escalation of energy sources. 
Nevertheless, it is clear that the analytical process is constrained by a 
number of assumptions which, in the long run, diminish its reliability. 

For practitioners in the field of energy efficiency in architecture who 
are not professional economic analysts, it is most appropriate to adopt 
the real discount rate from which the inflation rate is excluded and 
to disregard relative escalation rates for individual energy sources. 
To remedy the setbacks that develop from these simplifications, it is 
advised to perform some of the risk analysis techniques.

The Directorate-General for regional and urban policy at the European 
Commission recommends the use of relevant real discount rates in 
cost-benefit studies for investment projects. Bearing in mind that 
energy efficiency improvement projects are not developed for investors 
for whom it would be possible to calculate a weighted average cost of 
capital (WACC) that would represent the personal discount rate, it is 
advised to accept the financial discount rate of 4%, for member countries 
and the whole of the euro zone, as instructed by the Commission 
Delegated Regulation (EU) No 480/2014 of 3 March 2014. Apart from the 
financial rate, a social discount rate is set by this publication, within which 
a wider social view on future costs and benefits is taken into account. 
To apply the proper social discount rate, countries are differentiated 
both as member countries of the EU, for which the recommended rate 
is 3%, and so-called cohesion countries (which include Serbia) for which 
the rate is 5%, according to the Commission Implementing Regulation 
(EU) No 1011/2014 of 22 September 2014. The latter rate is therefore 
suggested for use in the analyses of energy efficiency improvement 
projects. These recommendations are given for the years 2015-2020.

4.2 Study Period

The study period is the time during which the effects of the decisions 
are of interest to decision makers. There is no such thing as the correct 
study period, but it should be long enough to enable the accurate 
estimation of long term economic performances. The expected lifespan 
of a system under analysis is often taken as the study period. However, 
the study period of the maximum of 25 years from the start of operation 
is limited by specific regulations in the field of energy consumption 
(European Commission, Directorate General for Regional and Urban 
Policy, 2015). This constraint is due to growing uncertainties in price 
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estimations if the period is longer. In addition, the duration of the study 
period is limited according to the conditions for the realistic financing 
arrangements for the project.

Besides the limitation for the maximum duration, some other factors 
determine the length of the study period, such as:

 – All the options should be compared against the same time period. 
Discounted cash flow diagrams for one period cannot be compared 
with the ones calculated for longer or shorter periods of time.

 – All the measurements of economic evaluation should be calculated for 
the same study period. If not, they would not be consistent.

 – Investor’s planning horizon should be taken into consideration. 
For instance, the study period could be either shorter or longer depending 
on whether the investor is the building’s user or the developer only.

 – The analysis should be adjusted to different expected life spans of 
the systems or the buildings. To fit various life spans into one study 
period, residual values (i.e. sale, demolition, remaining) are used to 
level the differences.

Practitioners in the field of energy efficiency in architecture in the 
region of the western Balkans are advised to adopt a study period of 
twenty years. Any longer-term financing is not available, and this period 
may be considered as long enough to examine the relevant effects of 
costs and savings over the life cycle.

4.3 Monetary Expression

As previously noted, future costs and benefits can be evaluated in 
the current currency and discounted with the nominal discount rate, 
which includes the inflation rate, or evaluated in constant currency 
and discounted with the real discount rate, which doesn’t include the 
inflation rate. Since we have already given the reasons for the acceptance 
of the social real discount rate offered by the latest recommendation of 
the European Commission, it is implied that the monetary expression 
through constant currency in the zero year of the analysis is selected, 
without counting the individual escalation rates of the energy sources.

5 Cost Analysis 

Cost analysis is the key step in a cost study. It consists of the estimation 
and documentation of the costs, classified by their types, character, 
frequency, and magnitude. During the cost analysis, one relies on the 
breakdown, which principally starts from the initial or investment costs 
versus in-use or life cycle costs. 

In energy efficiency improvement projects, investment costs are 
comprise all the construction or renovation works, as well as the 
purchase and installation of the systems. For economic analysis 
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purposes all of these costs take place in present time and hence the 
effects of time value of money are not applied. Most of the challenges 
that generally appear in the use of data sources for cost estimation are 
applicable for this analysis. The most reliable source is the personal 
database of the cost analyst, who is best acquainted with the specific 
condition under which the information is generated. Thus, the analyst 
can avoid the danger of using the same cost data in different real-
life conditions. Aside from the personal archive, the best source of 
information about purchase and installation costs would come from the 
local supplier or contractor. Furthermore, it is also possible to use price 
books, contract information, commercial publications, or information 
from a third party (Gasic et al, 2012). All methods of information 
gathering can be beneficial in combination with the experience and 
skill of the analyst, provided that quite enough resources are assigned 
to the operation. The obtained data has to be documented by stating 
the reference, which can range from the publication of any sort, to the 
quotation of a website or a person (i.e. contractor).

Cost analysis principles for life cycle costs don’t differ from the ones that 
are applied on the analyses of the initial costs. However, the information 
that can be used for analysis is even less available and less reliable, 
because the cost occurrence is expected far into the future. During 
the process, the life cycle cost breakdown must be noted as below 
(International Standard ISo 15686-5, 2008).

 – By the cost carrier:
 – owner of the building;
 – user of the building.

 – By the cost origin:
 – ownership costs;
 – use costs.

 – By the time of the occurrence of the cost:
 – regular costs;
 – cyclic costs;
 – random costs.

 – By the cost magnitude: 
 – fixed costs;
 – changeable costs.

The most difficult task is to obtain the data for the life cycle cost analysis 
concerning the estimation of the maintenance and repair costs. It is 
possible to get manufacturers recommendations on maintenance, 
warranty, and service periods for some products and systems, which 
is a good basis for life cycle cost estimation. However, it is often not 
possible to find objectively grounded information. In such a case it is 
necessary to set aside a fund for maintenance and repairs, as a lump 
sum or as a percentage from the total investment.

In an architectural project for energy efficiency improvement, costs 
can be divided into four groups, which would form four chapters in the 
life cycle cost study.
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5.1 Analysis of the Energy Sources Prices

Data on the prices of the energy sources are openly available via 
websites and publications of communal companies. Therefore, this 
set of information is the simplest for price analysis purposes. Some 
particularities, however, should be noted. Measurement units for 
energy sources differ and there are special charge rates in some 
cases, due to either social policy to protect the poor population, or as 
a stimulus for economy or specific social groups (i.e. for a branch of 
industry). In these cases, it is not possible to precisely ascertain which 
of the tariffs shall be applied, but it can be foreseen with a satisfactory 
level of accuracy, based on some average consumption values.

It is also useful to gather data on the prices of energy sources from the 
immediate and more distant surrounding countries, for the purposes of 
comparison and interpretation of trends. For an economy in transition 
it is safe to assume that the prices of the energy sources are at least 
partially undervalued, and that their future trend is comparable to 
the ones that are in a more advanced phase of transition. Besides, 
the trends in developed economies provide good indications of the 
presumed future global evolution.

The prices of the energy sources should then be applied to the 
expected consumption level during the life cycle, which results in the 
energy sources cost. These costs fall to the group of the regular costs, 
as to their time of occurrence, and to the use costs by their origin. 
For the majority of energy sources, there is the fixed starting charge set, 
which doesn’t depend on the consumption level, although this minimum 
charge does not move the group into ownership costs. 

In the discounting process, the multiple present value index is 
used, unless the prediction of the relative price escalation for the 
energy sources is considered for the sake of calculation.

5.2 Analysis of the Systems and Equipment Prices

The purchase and installation of the materials, products, elements, 
equipment, and systems also fall into the investment costs, which 
is previously set by the project options. The cost of the associated 
construction works is also included, such as the addition of the thermal 
insulation on the building envelope, or replacement of openings, as well 
as the installation or replacement of the air and water heating, cooling, 
ventilation, and conditioning systems. 

When estimating the systems and equipment costs, it should be 
observed that the most commonly available price sources indicate 
the acquisition but not the fitting cost. From the cost analysis point 
of view, it is necessary to consider so-called built-in prices, together 
with purchase cost. When certain engineering systems are analysed, 
manufacturers or suppliers often offer an installation service, which 
makes the total cost data easily available. This is also the case with 
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façade elements, but it should be noted that the installation service 
doesn’t always include the treatment of surrounding walls, which is 
needed. In cases of acquisition of thermal insulation for the façade or 
other envelope elements, it is more common that only the purchase 
price of material is available. The estimate in this case should include 
consultation with contractors, or other accessible data sources to 
derive the price of the full installed element. 

While the systems and equipment costs can be considered as 
investment costs, discounting is not applied on them, since they take 
place in the present time.

5.3 Maintenance Cost Analysis

Systems and elements need to be maintained in some way over the life 
cycle. When purchasing, some of the building systems suppliers provide 
manufacturers’ instructions for maintenance, which can be used as a 
basis for the cost estimation. It is important not to confuse these costs 
with repair and replacement costs. In most cases, it would be useful 
to create a fund for elements and systems maintenance, which can 
be set as a percentage of the buying price, or as a lump sum based 
on certain presumptions. The data source on the maintenance cost 
could consist of the manufacturers’ catalogues, the price list of the 
specialised maintenance companies, service providers, etc.

Multiple present value index is used for discounting of the maintenance 
costs, because it is presumed that the amounts needed for maintenance 
would be evenly distributed throughout the life cycle, similarly to the 
energy consumption costs. In reality, of course, maintenance costs rise 
according to the elements and systems age, but calculating with an 
average value is more practical and deemed to be sufficiently accurate.

5.4 Analysis of the Repair and Replacement Cost

Unlike maintenance of the built-in elements and systems, repair and 
replacement cost occur in incidents, as one-time costs. The occurrence 
of these costs is forecasted based on the presumed lifetime duration and 
the experience of services. Calculating repair and replacement cost into 
the life cycle cost analysis requires two types of assessment – the first 
one is the estimation of the actual repair and replacement cost, and the 
second one is the estimation of the periods in which they would occur. 

To reach this goal, the first step would be to determine the lifespan of the 
systems and equipment designed based on the project options. In most 
cases, the lifespan of the built-in systems and equipment exceed the 
study period. Therefore, it is adequate to consider the residual value at 
the end of the study period. Building elements that are constructed for 
the purposes of energy efficiency improvement are not likely to have any 
residual value that would be applicable to the life cycle study. However, 
for some systems it would be possible to determine a residual value 
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that could be calculated in the study, with the appropriate amortisation 
rate taken into account. 

The periods of repair and replacement of the systems and equipment 
can be determined based on the instructions of the manufacturer 
or the service provider, as well as the duration of the warranty. With 
insufficient information on the repair and replacement periods it is 
acceptable to set up a repair and replacement fund, as a lump sum or 
a certain percentage of the capital investment sum. 

Repair and replacement costs are one-time and changeable by nature. 
Therefore, for life cycle study purposes they can be considered to be 
regular. For discounting procedure, a multiple present value index 
should be used instead of a single present value index.

6 Life Cycle Analysis 

After certain presumptions considering economic, monetary, and time 
parameters are adopted, and cost analysis conducted according to 
the previously set project options, one can proceed to the life cycle 
analysis. The choice of the type of the analytical procedure depends 
on the economic indicator that can be considered as primary, with 
a major influence on the project stake holders and specific project. 
This indicator, in a mathematical sense, represents the result of the 
whole life cycle analysis, but essentially it is better described as the 
basis for the analysis interpretation and decision making, which would 
consequently follow. 

Each of the life cycle analysis procedures is simple to conduct, and 
sometimes those procedures are no more than a variation of another. 
In life cycle analysis, the focus is on the costs and savings. When benefits 
occur in the form of increased income (i.e. from rent) or from an improved 
level of service (i.e. more net floor area) it is usually referred to as cost-
benefit analysis, which aims for selection of the project option with the 
highest profit (in the private sector) or the highest net benefits (in the 
public sector). on the other hand, when benefits take place primarily 
in the form of reduced exploitation cost, with little or no service level 
change, the life cycle analysis is applied and the case with the lowest life 
cycle cost is sought. The analyses, linked with the energy preservation, 
are mostly related to the investment and in-use costs, and therefore 
the life cycle model is applied (Davis Langdon LLP, 2014).

6.1 Calculation of the Life Cycle Cost by Options

General algebra for a life cycle cost calculation shows that the life cycle 
cost is the sum of all the project costs, without benefits, over the years 
of the study period. Both investment and in-use costs are included. 
Investment costs take place in the present time, while for the other 
costs principles of money time value are applied. The sum is as follows:
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 LCC = I + Rp - Rs + E + oMR

where the abbreviations stand for:
I: present value of investment cost
Rp: present value of replacements cost
Rs: present value of residual value
E: present value of energy consumption cost 
oMR: present value of operation, maintenance and repair cost

The mathematical procedure is simple and straightforward after the 
assumptions on the study period, type and degree of the discount rate, 
and the cost analysis results are considered, evaluated, and adopted. 
The rule for decision making certainly means that the project option 
with the least life cycle cost shows the best economic performances.

6.2 Calculation of Net Savings by Options

Net savings are a measurement of the long-term profitability of an 
option in comparison to the reference case. The net savings method is a 
variation of the net benefit method, used when benefits occur primarily 
in the form of a reduced cost. Net savings result in a sum expressed 
in present time, which describes how much savings have been made 
during the study period by the specific option case. It is especially 
important to note whether the sum of net savings outweighs the sum 
that would have been achieved through the minimum acceptable rate 
of return (MARR) which is, in fact, equal to the discount rate.

Net savings can be calculated as an extension of the life cycle cost 
method to show the difference between the total life cycle cost for 
the reference case and the total life cycle cost for the option case. 
Net savings can also be directly calculated from the differences in 
cashflows between the reference case and the alternatives. 

The net savings method can be used to determine the cost effectiveness 
of a project. If a project is to be considered as cost effective, it means 
that its net savings are positive. For instance, if there is a positive 
present value of the net savings for an alternative system of the building, 
it means that by choosing this system a saving would be achieved during 
the study period, which would be over and above the savings that would 
have been made at a minimal acceptable rate of return.

Mathematically explained, net savings equal the difference between the 
present value of the operating cost savings and the present value of 
the additional investment cost: 

 NS = (∆E + ∆oMR) – (∆I0 + ∆Rp - ∆Rs)

where the abbreviations stand for:
∆E = difference in energy cost in favour of the alternative 
(reference minus option case)
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∆oMR = difference in the values of the operation, maintenance, and 
repair costs in favour of the alternative (reference minus option case)
∆I0 = difference in the values of the additional investment cost (option 
minus reference case) 
∆Rp = difference in the values of the additional replacement cost (option 
minus reference case)
∆Rs = difference in the residual values (option minus reference case)

6.3 Calculation of the Savings/
Investment Ratio by options

Savings/investment ratio (SIR) is an evaluation indicator that describes 
the relation of the savings versus costs. It is a variation of the cost/
benefit index (BCR), used in those cases when benefits take place in 
the form of a cost reduction.

Savings displayed in the formula relate to those associated with the 
building use (i.e. energy consumption reduction, and differences in 
operation, maintenance, and repair costs). A denominator shows the 
rise of the investment costs (i.e. the rise of the capital investment, 
differences between the replacement costs and residual values).

Savings/investment ratio as a measurement can be used to determine 
the cost effectiveness of a project. The index of 1.0 and above generally 
shows that the project is cost effective. The higher this index is, the 
higher are the savings for the invested money, and also over and 
above the sum that would have been saved at the minimal acceptable 
rate of return. Also, the savings/investment ratio is recommended for 
setting priorities between the projects when the budget is insufficient to 
support all the cost-effective options. If the project cost is approximate, 
which means that the budget cannot be used with great accuracy, 
the net savings method provides better decision guidelines than the 
savings/investment ratio. Total net savings can be calculated for the 
test combinations to find the set of the options that will maximise the 
total net saving while remaining within the budget framework.

The calculation of the savings/investment ratio (SIR) is conducted 
by dividing the discounted savings value by the in-use costs, 
compared with the reference case, and discounted value of the 
additional investment costs.

6.4 Calculation of the Payback Period by Options

The payback period shows how long it would take the initial investment 
cost to be recovered by the savings. The measurement is calculated as 
the number of years between the capital investment and the moment at 
which the aggregated savings (from which all costs are deducted) have 
accumulated sufficiently to compensate the investment cost.
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The payback period method that is used involves time value of money 
by discounting cash flows and it is therefore known as the discounted 
payback period, as opposed to the simple payback period.

Both simple and discounted payback periods as measurements are 
gravely deficient, due to the fact that all the costs and savings that take 
place after the achieved balance (or the payback) are neglected. For this 
reason, it is possible that an option with a shorter payback period turns 
out to be a worse investment, if entire life span of the project is considered. 
Where projects for energy efficiency improvement are concerned, it 
often happens that applied systems need more maintenance and repair 
as time goes by, and so the in-use costs tend to rise. 

The discounted payback period can be used as a supplementary mea- 
surement for the following purposes:

 – preliminary grading to support the decision to accept or reject;
 – assessment of the minimal required life cycle of the project to protect 

the initial investment funds from uncertainties; and 
 – determination of cost effectiveness when potential benefits beyond a 

certain point in time are irrelevant.

A mathematical procedure is conducted by deriving the minimal value 
of N, for which the following formula is used:

  
!

!!!

(S! − ∆I!)
1 + d ! ≥ ∆I! 

	
where symbols stand for
St- savings in the use costs that could be attributed to the 
project option in year t
ΔIt - additional investment cost in year t, over the initial investment cost
ΔI0 - additional investment cost for the specific option.

7 Sensitivity Analysis 

Risk is defined as the probability of the occurrence of an event or an 
error, as well as the consequences and the impact of this event or 
error. Unlike uncertainty, which is characterised by the lack of reliable 
deterministic values that could be used as the input variables for 
analysis, risk is subjected to an array of analytical methodologies 
described and tested in the theory and practice of project management. 

Major risks in the life cycle cost study for energy efficiency improvement 
projects can be identified within the group of adopted input data for 
the analysis, and from the results of cost analyses. The recommended 
discount rate results from the various macroeconomic analyses and 
it is published by the relevant international institution. Of course, this 
can also be proven wrong under certain circumstances. 
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Cost analysis is a part of a study in which most of the wrong assumptions 
can infiltrate, because they are based on estimations that, for numerous 
reasons, do not necessarily come true. As far as the assumed periods 
and time of the cost occurrence in the future is concerned, it is more 
important to consistently apply the assumptions for all options than to 
predict them with any great precision.

Given that the analyses previously presented are simple from a mathe- 
matical point of view, the sensitivity analysis method enables a fast, 
clear, and understandable way of including the risk factor treatment 
into the analysis. This method is based on the variation of input data 
and examination of the changes in results and the consequential 
conclusions obtained from the life cycle study. Even though it is 
applicable to all the input data, including the study period and the 
discount rate, the most interesting domain of its employment would 
be in the energy sources prices. 

By adopting the real social discount rate of 5%, which doesn’t include 
the effects of inflation, it becomes possible not to estimate future costs 
and benefits, but to use their present time values. The need for complex 
forecasts and assessments of future events is thereby eliminated. 
When leaving out the energy sources’ respective escalation rates from 
the calculation, a simplification is made that is unrealistic by nature, 
but enables the comparison of the options on equal terms. Sensitivity 
analysis should primarily be directed towards this segment, that is, to 
alternate energy sources prices in order to observe the consequences 
that might show up for different economic efficiency indicators of 
the project options. In the conditions of the transition economy, the 
obvious approach would be to choose to alternate input data using 
the energy prices from the closer and more distant surrounding 
economies. The economies in closer surroundings include countries 
in a more developed phase of transition, while more distant surrounding 
countries include developed economies whose overall performances 
a transition country generally aspires to reach. In this way, it would 
be possible to observe the trends, presumably reflecting some likely 
future developments.

The conclusion that follows a sensitivity analysis doesn’t have to be 
straightforward and definite, because the tendencies that are examined 
through the analyses don’t always come true. Whether something 
will happen or not is influenced by too many factors that cannot be 
ascertained. However, this procedure gives us the ability to determine 
which input data can be considered to be more important and more 
influential in the determination of the results of the final analyse. This can 
and should be made a part of the concluding considerations of the study.
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8 Conclusions

The proposed procedure for the study development is based on an 
analytical approach on one hand, but also on the adoption of some 
simplifying assumptions on the other hand. Those assumptions enable 
us to create a study with an optimal balance of effort, time, and even 
cost, against accuracy and precision. It would be expedient to make a 
distinction between the concepts of accuracy and precision. Accuracy 
describes how well a statement or a data relate to the truth of factual 
condition, while precision describes how fine is the deviation that is 
made. The accuracy of an estimate is measured by its closeness to the 
measurements achieved, whereas its precision relates to the level of 
refinement, details, and articulation. obviously, to reach a high level 
of precision requires a higher level of investment into the study itself, 
both in terms of money and time. Of course, the ideal achievement 
would be to have as much accuracy and precision as possible. However, 
for the sake of the study’s credibility, the fact of how true the adopted 
assumptions are is less important than the consistent usage of all the 
assumptions and input data for all the project options. 

The concluding chapter of the study should provide a summary of the 
answers to the basic questions that the study was supposed to address:

 – Has the higher category of energy efficiency been reached and all the 
other regulation prerequisites been fulfilled, for all the project options 
respectively? 

 – Has the criterion for energy efficiency been fulfilled for all the project 
options respectively, according to the selected measurements for 
the particular analysis (costs, net savings, savings/investment ratio, 
payback period)? 

 – Do the results of the sensitivity analysis indicate that there is a higher 
level of risk to question the reliability of the conclusions of the life 
cycle analysis? 

 – Recommendation for the selection of the project option.

Even though the results of the study as a whole are measurable and 
conclusive by nature, their interpretation is still free to some extent, and 
the analyst can and should present his own criteria and reflections in a 
certain form. Sometimes, this might be done by adding appendices to 
the analysis, comprising documentation of various kinds, but in most 
cases it would be of great use to describe and support in narration 
what were set as primary criteria, and for what reason have certain 
measurements been given advantage while the others have been 
disregarded. Even though we aspire to the automation of the data 
processing, and inclusion of as many parameters and measurements as 
possible into analysis, interpretation and decision-making still remain 
the principle task of the analysts and those who make decisions based 
on the study results.
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