Scientific Journal of the Polish Economic Society in Zielona Géra 2017, Vol. 6.

Maria Celinska-Myslaw, PhD, CE https://doi.org/10.26366/PTE.ZG.2017.76
Poznan School of Banking

Tomasz Wiatr, PhD, CE

Poznan University of Technology

Planowanie budowlanych przedsiewzie¢ inwestycyjnych w ujeciu zrownowazonym
Streszczenie

Budownictwo, jako istotny dziat gospodarki, wymaga wdrozenia strategii zrOwnowazonego
rozwoju opartego na trzech filarach: ekonomicznym, spotecznym, srodowiskowym. Konieczna
jest obecnie zmiana podejécia do planowania przedsiewzi¢¢ budowlanych, w tym szczegdlnie
projektowania obiektoéw budowlanych z uwzglednieniem uwarunkowan cyklu ich zycia.
W artykule przedstawiono metodyke szacowania kosztoéw w cyklu zycia (LCC) na przyktadzie
budynku mieszkalnego, dokonujac analizy rozwigzan wariantowych. Szczegdlng uwage zwro-
cono na przydzial sktadnikéw kosztow do poszczegélnych faz cyklu zycia, uwypuklajac pro-
blematyke trwatos$ci elementow obiektu budowlanego 1 konsekwencji z tego wynikajacych.
W celu przeprowadzenia analizy LCC z wykorzystaniem dyskontowania postuzono si¢ progra-
mem Primavera Pertmaster wspomagajacym planowanie przedsiewzig¢. Podjecie tak sformu-
fowanego problemu jest szczeg6lnie wazne ze wzgledu na konieczno$¢ dostosowania standar-
dow dokumentacji projektowo-kosztorysowej w budownictwie do potrzeb analizy w ujeciu
LCC. Na mocy nowego ustawodawstwa prawa zamoéwien publicznych w Polsce podejscie LCC
stato si¢ obowigzujace, jednakze o formie implementacji zadecyduja dopiero szczegdtowe roz-
porzadzenia wykonawcze.

Stowa kluczowe: budownictwo zrownowazone, koszty w cyklu Zycia, trwato$¢ budynku
Planning of construction investment projects in a sustainable approach
Abstract

Construction, as an important branch of the economy, requires the implementation
of sustainable development strategy based on three pillars: economic, social and environmen-
tal. It is necessary to change the current approach to the planning of construction works, in-
cluding in particular the design of buildings taking into account the conditions of their life
cycle. This article presents a methodology of life cycle costing (LCC) through the example of
a residential building and analyzes alternative solutions. Particular attention was paid to the
allocation of the cost elements for different phases of the life cycle, highlighting the issue of
the durability of the building elements and the consequences resulting from this fact. The
Primavera Pertmaster project planning tool was used for LCC with discounting. The attempts
to resolve such problems are especially significant because of the necessity of adapting the
design and estimation standards in construction industry to the needs of LCC analysis. Under
new legislation on public procurement law in Poland, an LCC approach has been mandatory,
but the form of implementation is to be decided by detail executive regulations.
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Introduction
In the light of the sustainable development strategy, it is now necessary to update the ap-

proach to the planning of construction works, including the design of buildings and the associ-
ated construction costing. This article presents the life cycle costing methodology, abbreviated
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as LCC, using a residential building as an example and it reviews Polish legal standards rele-
vant to the presented problem.

The example at hand focuses on the costs of investment works and on the costs of repair
works, as well as the implications of the assumed scope of repairs and their location in the life
cycle of the building based on their predicted frequencies.

Costs were calculated by means of detailed calculation using a general-purpose costing
software, whereas the LCC analysis was based on network scheduling and discounting using a
specialized software program to assist project planning and analysis.

Six cases were investigated with different material solutions of individual building elements
and necessary maintenance work based on the assumed durability in the two boundary test cases
of the facility. It was important to determine the impact of the time horizon on the results of the
LCC analysis.

Construction sustainability

The main purpose of construction is to design and erect buildings that should meet a num-
ber of requirements, including, in particular, the so-called basic requirements (Act 1994) on
the safety of construction, fire safety, occupational safety, hygienic and health conditions,
environmental protection and protection from noise, vibration, energy savings and thermal
insulation, and the recently introduced requirement for sustainable use of natural resources.
These requirements are an expression of the alignment of Polish national law with the EU
directives as a manifestation of the adopted sustainable development strategy, which was also
described in the context of standardization (Wall 2011).

This strategy assumes the management of resources in the present circumstances, which
will safeguard the needs of future generations. It rests on three pillars: economic, social and
environmental, with the initial objectives focused on the proper management of limited re-
sources, especially energy, and aimed at finding solutions that would reduce the impact of the
production of building materials and construction products on the environment. The transition
from the leading role of the aspects identified as environmental towards those economic over
time has recently led to the social aspects being highlighted. The change in approach in terms
of sustainability is shown in Figure 1, especially in the context of global trends.

Currently, implementation of the sustainable development strategy with respect to envi-
ronmental aspects includes solutions related to the entire life cycle of buildings that could
have an adverse impact on the environment. The main focus is on energy conditions, rational
use of natural resources (or, more broadly, ecology), material solutions, the use of appropriate
building technologies and design processes that take into account the phase of use, decon-
struction and waste disposal. An interesting cognitive approach is the design approach that
directly accounts for future deconstruction, known as DfD ("Design for Deconstruction™). So
far it has been developed in several centers and has prompted interesting detailed solutions.

It should be emphasized that both the building materials industry and the building opera-
tion generate significant energy consumption (over 40% worldwide (Czarnecki et al. 2012))
and harmful emissions (35% worldwide (Czarnecki et al. 2012 )). The importance attached to
the environmental requirements is presently underlined by environmental product declarations
(Standard 2014) and building environmental assessment (Standard 2012), although their
proper implementation remains crucial.
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Figure 1. Concept of sustainability across time
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Source: Marghescu 2005: as cited in Ibrahim 2015.

One should stress that a well-designed and well-constructed building is a solution that
should be accepted from the social perspective throughout the life cycle. Among the key char-
acteristics of this aspect are: microclimate, accessibility for people with disabilities, efficient
use of space, building friendliness for both users and the environment, acoustic comfort and
visual comfort. The proposal for a way of assessing social qualities is contained in PN-EN
16309 + Al: 2014-12 (Standard 2014).

The economic aspect of construction, meanwhile, is expressed by the cost of the building.
So far, evaluations focus on the cost of obtaining materials, i.e. construction costs, including
design, while the balanced approach requires the inclusion of costs throughout the life cycle.
In addition, the economic efficiency of the investment and the value of the building can be
assessed in this respect. The full range of evaluation measures for this aspect is included in
EN 16627 (Standard 2015) for the assessment of economic performance and the correspond-
ing features of the building.

Building life cycle phases

In relation to a building, life cycle involves consecutive, interrelated phases (stages),
whose outset is investment planning and scope planning. The subsequent phases of the cycle
are: design (preliminary, basic and executive documentation), commissioning, maintenance
and use, and final elimination.

Preventive maintenance work is carried out in the use phase and replacement work is per-
formed on the basis of wear and tear. The elimination phase should take into account the de-
construction or disassembly of the building including the planned ecological disposal of the
resulting waste or its recycling. Similar indications also apply to waste generated through re-
pairs, which is a condition of a sustainable approach in both cases.

According to Art. 3 of the Construction Law Act (Act 1994), the concept of a building in-
cludes both buildings and landscape objects. The scope of activities undertaken in the various
phases of the life cycle of construction works may vary due to their complex and specific na-
ture, with the most extensive applying to buildings. The next phases in the life cycle of the
building are shown in Table 1 where the ranges of corresponding activities are identified.

The design phase of the building should be considered fundamental. The solutions adopt-
ed during that stage, including materials and construction products, components and installa-
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tion systems plus technical equipment, and more broadly the construction technology, deter-
mine the amount of costs generated during the use phase. The choice of design solutions, es-
pecially the type of building materials, should take into account not only their negative envi-
ronmental impacts but also the sustainability of the solutions and the possibilities of recycling.
Therefore, variant solutions are of particular importance in the design phase and their eco-
nomic effectiveness can be assessed using the LCC methodology, which is the key element of
the analysis below.

Building life cycle costs

As far as definition is concerned, LCC is about determining the costs associated with a
product life cycle directly incurred by one or more participants in the cycle. In the world liter-
ature, the methodology for constructing LCC models is very diverse, being linked to various
industries and referring to either all or only selected life cycle phases, either in general or in
great detail.

General guidelines for costing in the building life cycle are indicated in the Standard
(Standard 2008). This standard has not been translated into Polish, as opposed to other Euro-
pean Union countries where it was introduced with adaptations to existing national guidelines
and regulations. The last amendment of the procurement law (Act 2004) indicates the necessi-
ty of setting costs in the life cycle of construction works in the area of public procurement in
Poland.

The very analysis of costs in a building life cycle can be performed under a deterministic
or non-deterministic approach that takes into account risk and even uncertainty. In cost-
related issues, the non-deterministic approach is more complex because of the many factors
that are difficult to predict or analyze using probabilistic methods. These factors include vari-
able prices of inputs, and in consequence, the value of future repair and maintenance costs.

The procedure of analyzing building life cycle costs can be contained in six steps (Efek-
tywnos¢ 2015):

- determining analysis scope, including adoption of variants,
- identifying cost components,

- cost estimation,

- calculation of key financial ratios,

- risk and uncertainty analysis,

- choosing solution.

In the case of LCC analyses for construction works, the length of the time horizon is of
particular importance in the initial phase. It can reflect the life of an object or it may be a time
estimate of the cost of a given model. Another very important step is the identification of the
individual cost components adopted in the analyzed LCC model. A summary of the basic
cost-generating activities attributed to life-cycle phases is presented in Table 1.

The first, and therefore approximate, cost estimate should be made without taking into ac-
count the effect of time at cost level, i.e. inflation and discounting. This approach enables the
weighting of individual cost components to be emphasized, allowing the key costs of the
model to be emphasized. Only in the next step should the value of individual cost components
be estimated in detail and should one proceed to model analysis accounting for the influence
of time on the values obtained.
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Table 1. Cost components in relation to building life cycle phases

Building life cycle phases
Design Construction works Ope_ratlon and Use (operational Decopstructlon
maintenance costs) and disassembly
- design works - temporary works | - adaptation, - media, including - inspections,
(feasibility study - site preparation maintenance, fuel, energy, checks for
and analysis, - infrastructure replacement, water disassembly,
grel_lmmgry, works refurbishment | . sewage disposal - demolition,
asican - erecting objects | - design and - cleaning and disassembly,
executive execution of maintenance of deconstruction
documentation) | - Works related to .
: the above the object - feesand
i I equipment ) )
costs projections | small - maintenance | - cleanliness and charges,
- fees, permits architecture of green areas patency of electric | - preparation for
- geotechnical - construction cables recycling and
research - taxes and actual
management .
; insurance recycling
T e premiums
- waste disposal - pest control
- unspent costs - cleaning fee
- unforeseen costs - management fee
- other operating
costs

Source: own study.

Durability as an important factor in sustainability

The length of the time horizon adopted in the LCC model generates a variety of scenarios
for the use phase, including the extent of the necessary repair works, replacement of building
elements and, above all, their location in time. In the use phase, the durability of buildings and
their components should be considered as a basic operational characteristic in addition to the
previously specified basic requirements. Normally, it expresses the ability to fulfill the in-
tended function of buildings and their components, and is expressed numerically as time (Aj-
dukiewicz 2011).

In reference to buildings and their components, durability is determined by a number of
factors, but mostly:

- building location, including location in relation to cardinal points,
- groundwater conditions,

- accepted design solutions,

- type of materials used, their composition and properties,

- environmental conditions,

- production quality and control level

- usage.

A construction work, and in particular a building, consists of a number of structural ele-
ments, i.e. layered bearing and non-bearing sections made of different materials. Consequent-
ly, the life cycle of individual elements and their layers and components are very different,
usually with longer time horizons for the main load carriers and shorter, plus very distinct, for
different types of finishing works, installation systems and components. The process of tech-
nical wear of the building as a whole and its components is related to the physical and chemi-
cal processes occurring in the building during its use and is conditioned by the influence of
the previously mentioned factors.
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In the contemporary integrated view, the problem of durability is expressed in what is
known as the period of use. In this context, there are two concepts, namely the life-cycle
planning within the meaning of international standards (Standard 2005) and life-cycle design
within the meaning of Eurocode standards, including (Standard 2004) for various types of
construction works. In the case of buildings, i.e. Category 4 objects according to (Standard
2004), the period of use assumed by the designer at 50 years is the time span in which the
structure, or its part, is to be used for its intended purpose and within intended maintenance,
I.e. it does not require extensive repair (Ajdukiewicz 2011).

In the LCC, there is a need to project the life span as a parameter that reflects the sustain-
ability of a building and its individual components. With a large number of determinants in-
fluencing the various building life cycle phases, it is one of the major design problems. This
issue is also important in the context of planning the frequency of repair works and their
scope during the use phase. The scope of these works can be actively influenced by proper
design, including optimized selection of solutions for individual baffles, their layers and com-
ponents.

In general, the durability of the various elements varies, as schematically shown in Figure
2, indicating different durability times and constituting the basis of many publications, among
others by J. Bochen (2014) and A. Pieniazek et al. (2015).

Figure 2. Durability of building elements in years in a simplified synthetic view

Stuff 1-5

Space plan 10-30
Services 20-30
Skin 10-40
Structure 60-100
Site 10-30

Source: Brand 1994.

Cost analysis in the life cycle of a residential building

The analysis conducted in this article was to determine the life cycle cost of a construction
work for the given model. The LCC model was designed to estimate the design phase, includ-
ing the purchase of a building plot, the construction of the facility and its use, excluding the
deconstruction phase. In the use phase, the costs of repair works were taken into account,
while the operating costs incurred from taxes, fees, media and current maintenance of the
building were excluded.

The cost estimate was made for a single-family detached house with a usable attic and a
usable floor area of approximately 150m2 total. The construction site designed in traditional
technology is characterized by external baffles that meet the requirements of thermal protec-
tion as at January 1, 2014.

Large material differentiation of particular elements of the building influences the consid-
erable variability of the scope of refurbishment works planned during the period of use of the
building, which were included in the analysis.

Based on the blueprints of the works and the accepted basis of calculations, the costs of
the construction work was estimated, along with the arising repair costs (Cicha, Jedrzejak
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2014). Cost estimation of investment and repair construction works was performed based on
the detailed method using the Norma Pro computer software supporting cost estimation.

Three time horizons — 30, 50 and 85 years - were adopted for further analyses, and so
were two extreme use scenarios and consequently life-cycle patterns:

- scenario | with the least durability, i.e. the quickest wear and tear resulting from the lack
on the side of the care of the owner of the building for its technical condition,

- scenario Il with the most durability resulting from the provision of appropriate repairs and
maintenance in the time required for these activities.

The adoption of the largest time horizon in the analysis, i.e. 85 years, was dictated by the
software application limitations and was also consistent with the maximum duration of sus-
tainability in practice for traditional single-family buildings. The 50-year period reflects the
most commonly accepted test case in the world literature for determining the life cycle costs
of buildings, and is currently used for reference in the design of such structures. The shortest
period of 30 years was established in order to verify the impact on the final results of the time
horizon and the frequency of repair works. In both scenarios, the different life cycle of indi-
vidual components was adopted, and consequently the frequency of work varied.

Based on this data, six time-cost schedules were developed using the Primavera Pertmas-
ter software, although in practice no such plan is developed in such a broad perspective. The
analysis with the use of the scheduling method involves the traditional planning of phases of
preparation and implementation of the project without the subsequent phases. For the purpose
of LCC analysis, the repair processes, their duration, and the logical links with analysis-
derived terms were modeled against dynamic cost analysis.

LCC calculations were first performed without taking into account the effect of time on
their values and then taking into account that effect with discounting. A fixed discount rate of
4% was assumed. The results of the analyses for the individual scenarios are presented in a
synthetic view in Table 2 (a-f), with Column 2 listing the elements of the structure or the type
of work performed.

In the case of repair works, the adopted durability in years and sizes are given in parenthe-
ses. Determination of proposed durability for individual building components was made on
the basis of the analysis of available data, including (Michalik 2014) and technical expertise.
The third column lists the planned costs, which for the repair works cover the costs of these
works taking into account their multiplicity in the planned life cycle.

The total cost for particular scenarios demonstrates very large variations from PLN 1,417,
776 to PLN 813,752. The comparison of these costs without discounting shows that the costs
of life-cycle repairs approach the cost of production in the analyzed case. This case is illus-
trated by the analysis for the largest time horizon, where these costs accounted for 193% of
the production cost.

With the change in the time horizon, these relationships significantly decrease, so that,
e.g., they were just 111% for the shortest test case in the second scenario. The LCC costs with
discounting show different relationships with the distribution of individual amounts in time.
They accounted for 118%, and 104% for the longest and shortest time horizon, respectively.
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Table 2. LCC analysis reports

a) analysis time 85 years, minimum b) analysis time 85 years, maximum
durability values durability values
Task Building elements Netcost Task Building elements Netcost
id. or types of works [PLN] id. or types of works [PLN]
205 900 roj rati 205 900
A Ground acquisition and terrain fence 180 000 A Ground acquisition and terrain fence 180 000
B Building design documentation 25900 B Building design documentation 25900

Earthworks and preparation works 16 402 Earthworks and preparation works 16 402
2 Raw state works 305 472 2 Raw state works 305 472
D Load-bearing structures of building 252 845 D Load-bearing structures of building 252 845
E Roof refurbishment works [50] 52 627 E Roof refurbishment works [50] 52 627
3 Instalation systems works 260 219 3 Instalation systems works 179 719
F Instalations and external connections 64719 F Instalations and external connections 64719
G Sanitary instalation refurbishments [25] 93 600 G Sanitary instalation refurbishments [40] 62 400
H Electric instalation refurbishments [25] 44 400 H Electric instalation refurbishments [30] 29 600
] Instalation equipment upgrades [15] 57500 ] Instalation equipment upgrades [30] 23 000
629 783 Finishing state works 511 090
J Finishing of building 194 567 J Finishing of building 194 567
K Platers ans walls claddings [40] 30916 K Platers ans walls claddings [60] 15458
L Floor panels [20] 44 400 L Floor panels [25] 33300
M Ceramic plates [15] 66 095 M Ceramic plates [20] 52 876
N Doors and internal woodworks [50] 30 400 N Doors and internal woodworks [60] 30400
[e] Painting and wallpapers [5] 65 808 [¢] Painting and wallpapers [7] 49 356
P Insulations and facades [25] 107 775 P Insulations and facades [40] 71 850
R Gutters, pipes and flashings [15] 61 240
LCC = PLN 835,770 (PLN 1,417,776 zt) LCC = PLN 782,365 (PLN 1,218,583)
c) analysis time 50 years, minimum d) analysis time 50 years, maximum
durability values durability values
Task Building elements Netcost Task Building elements Netcost
id. or types of works [PLN] id. or types of works [PLN]
205 900 j i 205 900
A Ground acquisition and terrain fence 180 000 A Ground acquisition and terrain fence 180 000
B Bujlding design documentation 25900 | B___| Building design documentation 25900
Earthworks and preparation works 16 402 Earthworks and preparation works 16 402
[ C L Eerinoric and nddevelopment Lt 02 \-
Raw state works 305472 Raw state works 305472
D Load-bearing structures of building 252 845 D Load-bearing structures of building 252 845
E Roof refurbishment works [50] 52627 E Roof refurbishment works [50] 52 627
3 Instalation systems works 191219 3 Instalation systems works 122219
F Instalations and external connections 64 719 F Instalations and external connections 64 719
G Sanitary instalation refurbishments [25] 62 400 G Sanitary instalation refurbishments [40] 31200
H Electric instalation refurbishments [25] 29 600 H Electric instalation refurbishments [30] 14 800
] Instalation equipment upgrades [15] 34500 ] Instalation equipment upgrades [30] 11 500
Finishing state works 462 184 Finishing state works 335 608
J Finishing of building 194 567 J Finishing of building 194 567
K Platers ans walls claddings [40] 15 458 K Platers ans walls claddings [60] 0
L Floor panels [20] 22200 L Floor panels [25] 11 100
M Ceramic plates [15] 39 657 M Ceramic plates [20] 26 438
N Doors and internal woodworks [50] 30 400 N Doors and internal woodworks [60] 0
[¢] Painting and wallpapers [5] 37017 [¢] Painting and wallpapers [7] 28 791
P Insulations and facades [25] 71 850 P Insulations and facades [40] 35925
R Gutters, pipes and flashings [15] 36744 R Gutters, pipes and flashings [20] 24 496
LCC =PLN 821,434 (PLN 1,181,177) LCC = PLN 766,628 (PLN 985,601)
e) analysis time 30 years, minimum f) analysis time 30 years, maximum
durability values durability values
Task Building elements Netcost Task Building elements Netcost
id. or types of works [PLN] id. or types of works [PLN]

205 900 j i 205 900
A Ground acquisition and terrain fence 180 000 A Ground acquisition and terrain fence 180 000

B Buijlding design documentation 25900 B Building design documentation 25900

Earthworks and preparation works 16 402 Earthworks and preparation works 16 402
\-
Raw state works 252 845 Raw state works 252 845
D Load-bearing structures of building 252 845 D Load-bearing structures of building 252 845
E Roof refurbishment works [50] 0 E Roof refurbishment works [50] 0
3 Instalation systems works 133719 3 Instalation systems works 91019
F Instalations and external connections 64 719 F Instalations and external connections 64 719
G Sanitary instalation refurbishments [25] 31200 | G Sanitary instalation refurbishments [40]
H Electric instalation refurbishments [25] 14 800 H Electric instalation refurbishments [30] 14 800
] Instalation equipment upgrades [15] 23 000 ] Instalation equipment upgrades [30] 11 500
Finishing state works 318 024 Finishing state works 247 586
J Finishing of building 194 567 J Finishing of building 194 567
K Platers ans walls claddings [40] 0 K Platers ans walls claddings [60] 0
L Floor panels [20] 11 100 L Floor panels [25] 11 100
M Ceramic plates [15] 13219 M Ceramic plates [20] 13219
N Doors and internal woodworks [50] 30 400 N Doors and internal woodworks [60] 0
[¢] Painting and wallpapers [5] 20 565 [¢] Painting and wallpapers [7] 16 452
P Insulations and facades [25] 35925 P Insulations and facades [40] 0
R Gutters, pipes and flashings [15] 12248 R Gutters, pipes and flashings [20] 12248
LCC = PLN 778,190 (PLN 926,890) LCC = PLN 737,324 (PLN 813,752)

Source: own study.
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The percentage values for all the scenarios illustrating the relationship of lifecycle costs to
production costs are summarized in Table 3 (the values given in parentheses refer to the
amounts without discounting).

Table 3. Lifecycle costs to production costs

. Time horizon
Use scenario
85 years 50 years 30 years
| 118% (193%) 116% (161%) 110% (126%)
1 111% (166%) 108% (134%) 104% (111%)

Source: own study.

The differentiation of these relations does not allow to determine the average size apart
from the time horizon due to the breakdown of the costs of individual refurbishments. It is
crucial to adopt the length of the horizon. The insufficiently long 30-year horizon is not relia-
ble and should be omitted in LCC analyses as it does not properly account for the wear and
tear factor of a construction work and its components.

Conclusions

Implementing a sustainable development strategy in the construction industry requires
general changes in the planning of construction works, including the design of the structures
and consequently the cost estimation. Full analysis of LCCs for building structures requires
identification of life cycle components, determination of the durability of construction ele-
ments and their components, projection of repair works and their positioning in time, deter-
mination of operational expenses and determination of the costs of deconstruction and materi-
al recycling. Preparing data for this type of analysis is very laborious.

The analysis of the adopted LCC model for a single-family residential building allowed to
set the costs for the assumed scenarios. They are closely related to the technical solutions
adopted in this structure (which differ for each structure) and can also be differentiated in
terms of costs incurred during the use phase. During the design of the building, targeted
changes can be made with regard to the conscious development of the wear pattern. A sus-
tainable approach tends to opt for solutions that are more durable, being usually associated
with higher production costs.

The authors chose to tackle the problem due to the recent changes in construction law and
public procurement law, which, so far, have affected only those legal acts without the relevant
executive regulations. Under the new legislation on public procurement in Poland, the LCC
approach has become mandatory, but the form of its implementation is likely to be decided by
detailed executive regulations, although the statutory provisions are already marking the di-
rection of change and this article follows them in identifying potential problems that need to
be investigated.
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