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ABSTRACT: All costs within the life cycle of a building are known as its life-cycle costs. In the
design process of a building, the use of a lower initial cost index to select an option among others with
similar performance may not lead to an economically optimal choice during the lifecycle. Hence today,
building designers and investors require a tool to estimate life cycle costs at the conceptual design
phase to elect an economically efficient option. The purpose of this study is to provide a framework
to estimate life cycle costs of a building at the conceptual design phase based on Building Information
Modeling (BIM). For this purpose, the costs of the building’s life cycle, including initial costs (cost of
supply and installation based on Iran’s national price list and shipping costs), repair and maintenance
costs, operating costs (energy consumption) and salvage value at the end of the building’s useful life are
regarded in the estimation of its life cycle costs. The application of the proposed framework was then
evaluated and approved for designing a residential building in Tehran. The application of the proposed
framework for designing a residential building in Tehran was assessed and validated on two models, and
the results showed that by increasing the initial costs in the second model by 75%, its annual operating
costs decreased by 54% and total life cycle costs have dropped by 8% after 18 years. In this way,
building designers can estimate the life-cycle costs of a building at the incipient stages of design and
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improve its design.

1. INTRODUCTION

A building’s life cycle is from the start of the conceptual
design stage to the end of its life and all costs within the
life-cycle such as operation costs (energy and Consumable
resources), repair and maintenance costs and salvage value
are regarded as Life Cycle Costs (LCC) [1].

Through a building’s design process, the designer might
utilize options with fewer initial cost compared to others.
In such a case, although the initial cost is approximately less
than other options, it is plausible that over the life cycle of
the building, other costs like repair and maintenance costs
overpass other options’ costs. This eventually may lead to
choosing an economically inefficient option within the life
cycle of the building due to merely taking into account the
initial fewer cost [2]. Costs throughout a building’s life span
can be sometimes even up to multiple times of the initial
costs that their proportion is correlated to factors such as
construction quality, amount and severity of use, and the
building’s type besides the considered life span length [3]. The
incomplete design stages could determine up to 80 percent
of a building’s costs during the life span (operation cost) [4].

The purpose of the present study is to provide a framework
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to estimate Life Cycle Costs (LCC) at the early design stages
of buildings based on Building Information Modeling (BIM)
concepts. To achieve the main goal, which is the estimation
of the LCC of a building, the sub-goals are to estimate initial
costs, repair and maintenance costs, operation costs and
salvage value at the end of building’s life span.

2. METHODOLOGY

“Fig. 17 illustrates the flowchart of the developed
framework for providing LCC in buildings. Estimation
of material values in the building’s model was conducted
with the help of BIM tools (i.e. Autodesk Revit). BIM is the
procedure of generating and processing a building’s elements’
digital information.

Initial costs including construction costs are calculated
according to the Iranian Price List database. Shipment costs
are calculated according to the distance of the construction
site and material’s provider based on current rate of vehicles.
Repair and maintenance costs are calculated based on
questionnaire and historical data in form of constant annual
cost for each building element of the model for each year.
To estimate operation costs including energy consumption
costs, energy consumption value is estimated using a BIM
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Fig. 1. BIM-based framework for estimating life cycle costs of building using Iran’s national price list

Table 1. Details of the costs of building life cycle

Total Costs at the End of Life (Rial)
Total Salvage Re-pair and Operation Material. - Prel-aaring anq Model
Value Maintenance transportation installing materials
1914565120 0 8794170060 717715500 9930420 307502080 First
1765922560 0 879417000 331785200 19152630 535567670 Second

energy consumption simulation in Green Building Studio
environment annually. Eventually, this value is estimated as
net present value for each year by implying present energy cost
rate. GBS is an internet-based and BIM-based tool developed
for energy consumption goals supported by Autodesk.

All life-cycle costs are computed based on net present
value for the feasibility of comparing a building’s life-cycle
costs in discount cash flow, for which the discount rate of
each country should be used [5]. If the estimated annual cost
for each LCC ingredients (e.g. operational costs) is C and
its future value in the year n is FVn, the sum of net present
value of the life-cycle cost based on the discount rate (i) and
inflation rate (j) is as follows:

NPV = zo:(—(l T i)”) 1)

3. MODEL IMPLEMENTATION AND VALIDATION

In the present study, a tool was developed for estimating
LCC on the basis of the flowchart’s concepts using Application
Programming Interface (API) of the BIM tool. This API
is eventually used in the Revit software as an add-in. To
validate the provided tool, its performance is evaluated by
implementing it on a three-story residential building model
in Tehran, Iran.
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4. RESULTS AND DISCUSSION

For the case example residential building, two models with
thinner and thicker elements of the wall, as well as weaker
and stronger components (respectively, the first and second
models) were produced in the BIM environment (Revit),
which eventually completed with the same architectural
components as the door and window; therefore, the initial
cost of building and installing wall and column materials
would differ in two models.

The annual energy consumption of buildings after
simulation in GBS indicates lower energy consumption in the
second model. On the other hand, due to the constant level
of the walls, their maintenance cost would be the same. The
residual value of the two models is also zero due to the fact
that the length of the life cycle is equal to the useful life of the
building. “Table 1” shows the details of the total LCC of the
two models at the end of the lifecycle.

To validate the results, the initial costs of each construction
model are manually calculated and estimated based on the
price list. The results of manual estimation for this project
varied from 4% to 5% with the estimates made by the LCC
tool developed in this study. The reason for this difference is
the more accurate calculation of the BIM tool in estimating
the materials quantity. The results of cost estimation in the
traditional way have sometimes been considered as error by
up to 40% [6]. Therefore, the accuracy of estimating the values
of the developed tool is confirmed.
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CONCLUSIONS

The application of the proposed framework for designing
a residential building in Tehran is assessed and validated
on two models, and the results showed that by increasing
the initial costs in the second model by 75%, its annual
operating costs decreased by 54% and Total life-cycle costs
have dropped by 8% after 18 years. In this way, building
designers can estimate the life-cycle costs of a building in
the early stages of design and improve its design. Initial costs
in the first model are 17% and in the second model, 31% of
total life cycle costs.
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Fig. 5. Database created to save information in the ACCESS area

opd B emlos o bl nl 5l SO e gl alBlas
VAN

adsl sloas o -V-Y
sloan ;o dpies b (s Ol logeslo slaas o Gunlys
03,5 (gamaiws Allax Jgad & jgod 1) il 5,15 slaes]
el o8, g0 aS o ls 08,7 o, o )les G (5,15 il o el
4 i g axly S sy o (sl el b oyl 4 Loy
Slr boe Olyisar Gunlins cnl el @il (olaisl woly of
SlpaS O)goins )5 )15 eolitul 3 50 adsl glaai o (esS
ool UniFormat oS, ) 7 00 0 4z 5 b dgpcan 08 o] 50
o o oolaiwl 5,90 mlas wlw! » MasterFormat G 4 LI
Johz 51 (S plgreds s 9 05 o ol ol gl s,
a3 dwlbre gl el (Sl 03 (2l enlns o
el 5l sy wix (ral g 4 auze Jol) plal o 4l
ol 1Sy o i avuloe gl gl 48,5 5185 0 Latan 143
oS sl » Query @l ygiws s ooliwl Query ol jgiws

@ Joe o o9zge glaglell Sledbl ¢ Slo 500 055l )
Solore izl Jie plgieds 0l salss o)l ()15 pnlins
Jolss alflas Jgaz g0 5o Sledlbl Glays ladl gl oyloisl
omled 50 las o Gl laasy Cledlbl ¢ g0 glgl Dledol
it J ot Jolb 5 el Sledlbl Jpaz s aslys o3
ezl olulis 6o sl leear Jow pb cud 5l oo >1)b
slaws ¢)lgss Cwls ol b« UniquelD UniFormat
s gl 1SSy el 009y ulins j0 2 5 ol daayY
Sledbl .cils walgs |y 095 4 paase lbaY iz g olass
Ml gy sbongw b alllas Joux S 5o les sloasy
UniFormat jlasle oluls o &l glaea Joo o
oo Y oo g aY cwbs MasterFormat {UniquelD
oldl sl plaizle slosle slizl 51 b flaicas ol salss
Sdbl a0 53 AlElas Jeao S o Sledbl slojle g
{UniFormat . lasle olulis 6o sl Glgeas Jow pb alex |
g alaiie Clus oylodl oU « UniquelD  MasterFormat
e 5l pgte dllas (pgasie (59 5 G Jsb g o>
laggio b Jgor Sy yo 5 0l axd )5 Revit 53l 5 5 (lazsle

ATY



VAVE B VADY doxio AYAR Jlo & 0yl Y 093 €308 paol (o it 4y pii

Wall Types Wall Layers
Name | Uniformat Unigueld Name | Uniformat | Uniqueld | MasterFormat
r Walll AAA Al1B1 Layerl | AAA A1B1 1
Wall2 BBB CiD1 Layer2 | AAA A1B1 2
Wall3 GGG T2y | Layerl [ CCC E1F1 5
Price List
Xxx1 AAA 1 n
|- Xxx2 AAA 2 m ]
Xxx3 J 6
Xxx4 EEE 9

Walll n

Name Price
- Wall1 Initial Cost = n+m

Walll m

ol s Query wlygiws 3l oslaiw! U yladl 2 adgl glaais 32 dnwlxo 0g2i & JSi
Fig. 6. Calculation process of the initial cost of each element using QUERY commands database

L4

i)

Basic Informatio Material Cost peration Cost =~ Maintenance Cost = Salvage Value = LCC

85 Initial Cost Detail — o X
Structure  Name Cod:  Description Unit InitialCost ]
[Modett [IPE 120 [11 [ o8l s & 5l i s s oS Lu g, [ weight [1973590.6531204223
[Modell |IIPET140 |11 | oBiss S 5l vt i 5 bl 105, | Weight |2870677.3136297
[Modell [IPE 140 |11 | OB o 5l cysios i 5 o 1. | Weight |2870677.3136297
[Modell [IPE140 |11 | oBisd & 5l ysin v 9 Sl 1ag5. | Weight |2870677.3136297
[Modell [Generic-.. |7 | dule Mo 3 12 S is 5 ulomms Ssk b el .. | Avea 9512831.9973921925
[Modell |Genedic-.. |7 | 4ule She 3 o S ol 59 wuloms Sob b weliy .. | Area | 6507794 7863874789
[Modell [Genedc-. |7 | %urte e 5 0¢ ol I 3 odlogws Sob b aelir... |Avon [6507514.7860472053
[Modell |Genefic-.. |7 | 4ule Soe 3 v S Jis: 55 wuloss Sob b weliy .. | Aroa [9512831.9973921925
[Modell |Generic-... |7 | 4ule e 3 s uS Il 55 ilows Ssb b oulis .. | Area | 6507794 7863503546
[Modell [Generic=2 |7, | <aite 5e 30 v I 33 codlogas Sob Ygaliv - |Armn |9612551.9970890433
[Modell |Genedc-.. |7 | 4ule oo 3 o S Jlst 55 wuloms Sob b weliy .. | Area | 6507794 7863503546
[Modell |Genefic-... |7 | 4wl SN 5 je uiS @IS 55 wilosws Sob b welis .. | Arca [1736789.9947201561
[Modell |Genedc-.. |7 | 4ule S¥e 3 o S Jlst 55 iloss Sob b oeliy .. | Area |9612551.9970890433
[Modell |Genedc-. |7 | 4ule e s se uiS @Jls 53 wilomws Sab bt welir .. | Area |6241874.7871587509
‘lj dald ‘t‘ l7 | =5 . TR 2l £ 11 1s .A‘ .r:nm AL 1V
Export to Excel

A8l anwgi )l 50 Alize Glagldl cuai g 0 y3 4 3o O3 Jgu 5l aled .V JSb

Fig. 7. View a detailed table of the cost of purchasing and installing various elements in the developed tool box
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Fig. 8. Overview of the process of determining the distance of material transport in the developed tool box
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Table 2. Details of various types of buildings costs with their useful life
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Fig. 13. The percentage of life cycle costs component
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Table 3. Details of comparison of manual estimation with the developed LCC model results
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Table 4. Comparison of the developed LCC estimation model in various building types
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Table 5. The percentage of each component ratio to the total LCC cost
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