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Abstract 

In Thailand, the number of residential buildings in the detached house category tends to 
increase due to increasing consumer demand. This causes economic competition among 
contractors and customers who would like to construct detached houses. As a result, 
stakeholders in detached house construction must manage costs to the lowest possible 
expenses throughout the building life cycle from construction to residential use, replacing 
maintenance equipment, and eventual demolition. Life cycle costing is growing in popularity, 
especially in the field of sustainable construction. However, the use of life cycle costing in 
the construction industry remains restricted and plagued by practical issues. One of the major 
issues in the widespread use of life cycle costing in the construction stage, use stage, and end-
of-life stage is a lack of knowledge of the research methods and usage of life cycle costing. 
This study describes a research that shows how a detached house's life cycle cost evaluation 
was undertaken, along with how the life cycle cost variables were defined and applied to 
advance a life cycle budget for the entire life cycle of a detached house. This research 
analyzed the life cycle cost of a detached house through a case study in Bangkok by 
considering diverse expenses, including construction materials, maintenance, labor, 
electricity, water, and demolition during service life of 50 years for the building. Costs 
throughout the life cycle of a detached house analyzed over 50 years amount to 4,901,775.21 
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baht. This sum may be categorized into costs for each stage of a detached house life cycle, to 
be used in considering detached house project development and consumer decision-making. 
 
Keywords: Life cycle costing, Detached house, Construction, Demolition 
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1.. Introduction 

At present, buildings in Thailand tend to increase every year. According to the National 
Statistical Office [19], the demand for building construction permits varies year to year, with 
a 19% increase in 2020, as shown in Figure 1. The total residential area is 62,245,131 square 
meters, divided into the number of residential buildings equal to 38,479,227 square meters 
and non-residential buildings equal to 23,765,904 square meters. Single-family homes 
accounted for 26,652,840 square meters, followed by condominiums. The area is 3,819,701 
square meters of row houses or townhouses, representing an area of 3,613,197 square meters, 
accounting for a spot of 2,069,965 square meters of commercial buildings. The residential 
building site is 1,279,225 square meters and the twin houses are 1,044,299 square meters. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Figure 1: The graph shows the number of people who have received permission to 
construct buildings from 2010 to 2020. 
 
     When considering the construction of residential buildings in the category of detached 
houses in Bangkok and their vicinities. The construction of residential buildings in the form 
of houses, classified into 3 types, namely single-detached houses, row houses or townhouses, 
and twin houses, found that the construction area of detached houses in Bangkok had the 
highest volume, representing 55.68%, townhouses accounted for 43.65%, and twin houses 
accounted for 33.21%, as shown in Figure 2. 

        Figure 2: The graph shows the construction area of 3 types of houses: detached houses, 
townhouses, and twin houses in Bangkok and their vicinities 
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     Therefore, the demand for permission to construct detached houses in Bangkok tends to 
increase. This causes economic competition among contractors and owners of detached 
houses. As a result, those involved in the construction of detached houses will have to 
manage the cost as low as possible throughout the life cycle of the building. It can be divided 
into 4 phases, including the 1. Production Stage, which is the phase of construction material 
production. Design to prepare for construction planning and transportation planning in 
construction 2. The Construction Process Stage is the phase of building construction 
according to the design, transportation, and installation of equipment according to the design 
plan of the building. 3. Use Stage refers to a building's period of use. This is the longest phase 
of the building's life cycle. In addition to the usage period, the building must still be 
maintained by means of repair and replacement of materials used in the building. The last 
phrase, 4. End of Life Stage, is the life expectancy of the building. The demolition and 
transport of these scraps will continue for disposal and recycling [22]. 

Thus, at each stage of a building's life cycle, there are cost of energy and water are 
consumed, including the cost of labor and transportation in each process that is different. This 
led to the use of detached house construction data from Bill of Quantities (BOQ) to be 
studied to analyze life-cycle costs and to be instrumental in deciding which method to operate 
with the lowest overall cost [1]. The long-term value of the investment over the entire life 
cycle of a detached house [34] so that it can be reliably presented and published for 
investment decision-making. 

 
2.. Objective of the Study 

    To study the Life Cycle Costing (LCC) of a detached house to make investment decisions 
for constructing a detached house. 
 
3.. Methodology 

3.1. Life Cycle Costing (LCC) 

    In this study, the LCC was used as a method of calculating the total cost over the building's 
lifecycle from cradle to tomb to estimate the building's project cost. All costs incurred from 
construction, use, maintenance, and the demolition of buildings will be important for project 
owners to make decisions about the investment project building the detached house at each 
stage [13]. This study is an amendment from the LCC procedure based on the structure of the 
EN 16627 standard [21] and covers steps A1–C4 shown in Figure 3, including cost of 
construction materials, construction, maintenance, replacement, operation, and the end of the 
service life or demolition. 

Therefore, the cost at each stage over the life cycle of a detached house can be described 
below as follows. 
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Figure 3: The four life cycle stages modified according to the EN 16627 standard. 
 
3.1.1 Material and Construction stage (A1-A3) 

The materials stage means the materials used for building construction, including the 
architecture being built [31]. For example, concrete, soil, sand, metal, plastic, glass, and land 
for construction [20]. These materials have different purposes and specific application 
properties. Therefore, it is the investment phase in the first part of the budget plan [2]. For 
this study, the cost of building materials was only taken from the BOQ and did not include 
the cost of the construction material production process. The construction stage means the 
cost of tools and equipment, including transportation costs, labor costs for the construction 
and installation of materials and equipment. In addition, it includes overhead costs such as 
water, electricity, and construction costs, which are covered until the operating costs, taxes 
(7%), and profit (10%). Therefore, the cost of the construction process is dependent on the 
contractor who determines and agrees with the owner of the building project. 
 
3.1.2 Use stage (B1-B7) 

    The use stage refers to the phase of use implementation that includes use, maintenance, 
repair, and the replacement of damaged component equipment. In terms of costs incurred 
during the use phase, the costs consist of water, electricity, and liquefied petroleum gas 
incurred during the period of use. In addition, the cost of maintenance of a detached house 
has a cost of labor and equipment. In this study, maintenance was performed, including 
repainting the house with maintenance every 10 years, grouting every 10 years, replacing 
LED lights every 17 years, and spraying termite protection every 5 years. The different parts 
of the equipment of a detached house have different lifespans. That depends on the usage 
behavior as well. Therefore, these maintenance costs will be maintained according to the 
normal maintenance plan. 
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3.1.3 End of Life stage (C1-C4) 

    End of Life refers to a building's end of life or demolition process, which includes labor, 
energy, landfill disposal, and recycling. Therefore, in this research study, it was found that, 
from interviews with five contractors for the demolition of detached houses, they were the 
only material handling managers after the demolition. The research of a detached house 
construction project in Sweden [22] calculated the cost of this stage and found that costs 
accounted for 2.5% of the total cost, which was close to the work in this study as well. 
 
 
3.2. Calculation of LCC 

    The LCC can be used as an economic indicator to evaluate investment in a construction 
project. The LCC accounts for investment costs, operating costs, transportation costs, energy 
costs, labor costs, maintenance costs, and the system's residual value. For life cycle cost 
calculation, these costs are incurred over different time periods, and these future costs are 
converted to the Present Value (PV) in the cash flow diagram. This can calculate the total 
cost incurred throughout the building's lifecycle [13] as shown in Eq. (1). 

 
      (1) 

 
    Where  is total the LCC in the PV Baht (฿),  is the PV of investment cost, is the 
PV of capital replacement costs,  is the PV of residual value (resale, scrap, and salvage 
value),  is the PV of energy cost (liquefied petroleum gas and fuels),  is the PV of water 
supply cost, and  is the PV of operating, maintenance, and repair costs, which is non-
fuel. 
    For calculating the various costs in the form of PV incurred during the whole time of this 
case study, they can be divided into 2 parts or Eq. (2) and (3), as shown below:  
 
    Part 1 is the Single Present Value (SPV) refers to the cost that occurs once, as shown in Eq. 
(2). 
 

                                                                                                                 (2) 
 
    Where  is the present value of future cash,  is future cash occurring at the end of the 
year at  , and   is the discount rate. 
 
    Part 2 is the Uniform Present Value (UPV) means that annual expenses incurred can be 
equal or uneven, as shown in Eq. (3). 
 

                                                                                                        (3) 
 
    Where  is the present value of future cash,  is the cash value that is incurred annually 
over  years, incurred at the end of the year , and  is the discount rate. 
 
    When the value of future costs is calculated and converted to using Eq. (2) and (3), the 
total PV value can be used to calculate the LCC using Eq. (1). 
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4.. Case study description 

    The study selected a detached house model of the De De Rak Nam 3 project as shown in 
Figure 4, which is one of the 12 types of energy-saving residential housing projects in the 
category of detached houses by the Department of the Energy Development of Alternative 
Energy, Ministry of Energy [9]. The De De Rak Nam 3 Project has the concept of saving 
energy according to the climate of Thailand. And there is a complete list and price of 
construction information or BOQ, including the discount rate used to calculate 6% [3] for 
studying the LCC of the detached house in order to make a decision to invest in building the 
detached house. 

   Figure 4: The DEDE Rak Nam 3 detached house project design example 
 

4.1 Material and Construction stage 

    This detached house has 2 floors and a total area of 365 square meters. The service life of 
the building is 50 years [12]. This house was modeled after construction in Bangkok, 
Thailand. The cost of the construction process refers to the cost of the contractor's design and 
construction. The homeowner is the employer for the construction of a detached house. The 
detailed construction information is shown in the BOQ document obtained from the manual. 
The manual contains the cost of construction materials, labor costs, transportation costs, and 
construction costs (water and electricity costs in construction), which shows the details of 
construction costs as summarized and shown in Table 1. The value of the land was not 
included in the study. This depends on location and landholdings with high variation [6]. 
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Table 1 Cost of construction detached house (in Thailand Baht) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued) 
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Table 1 Cost of construction detached house (in Thailand Baht) (continued)
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(5) 

4.2 Use stage 

          The cost of use in the process of using a detached house is considered from the point of 
view of the user, consisting of the cost of using it for basic home appliances for Thai people 
[35]. The cost of electricity consists of a water pump, an air conditioner, a water heater, 98 
fluorescent lights, a refrigerator, and a television. The average power consumption of 
electrical appliances depends on the area of the room. number of users or residents) 
Therefore, the average consumption of electrical appliances from [24] and [5] was referenced 
to calculate the electricity cost of the Metropolitan Electricity Authority [17] is shown in Eq. 
(4), (6), (7) and (8). The number of utilization units of air conditioners Eq. (5) [11] and water 
supply costs (Residence type) from Eq. (9) refer to the Metropolitan Waterworks Authority 
[18], including the energy costs of households in Bangkok, namely households gas the 
National Statistical Office [1] is shown in Table 2. And maintenance, repairing and 
replacement value of this detached house is shown in Table 3. 
 
           
 

                                                              (4) 
 
          Where the unit of electric power is Watt (W), and the electricity usage period of each 
electrical appliance (Hour/day).  
 
          In addition, to calculate the quantity consumption of air conditioners, there is a specific 
calculation formula as follows. 
 
           
  

           
 
          Where the unit of cooling capacity is BTU (British Thermal Unit), SEER is the 
Seasonal Energy Efficiency Ratio (Unit: BTU/hour/Watt), and the unit of period time in use 
is hours per day. 
 
           Next, when we know the total number of electrical units in the house. Therefore, the 
base electricity tariff (Baht) of the residential buildings in this study can be calculated using 
residential service on progressive and service charges as specified by the Metropolitan 
Electricity Authority. 
            
                                                                   (6) 
 
          Where  (Float time) is the cost (Baht/unit) of generating electricity that the utility 
cannot control, such as fuel prices, inflation, foreign exchange rates, etc.  
  
                                                      (7) 
 
          Where VAT is a tax that electricity users must pay as well, which will be charged 
according to Thai law at 7%. 
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(8)            
 
          Where the electricity bill is the net cost that electricity consumers must pay, which 
includes base electricity, Ft, and VAT7%. 
 
           
                           (9) 
 
          Where the unit of volume water in use is cubic meters (cu.m.), the unit of water price is 
Baht per cu.m., the unit of service charge is Baht per month and depends on water meter size, 
with VAT at 7% following Thai law. 
 

Table 3 The annual and lifetime of electricity, energy, and, utilities cost in the use stage 
No. Electricity/energy/utilities source Annual cost (Baht/year) Life time cost (Baht) 

1. Electricity 63,568.18 1,001,955.27 

2. Energy costs (Household Gas) [25] 636.00 10,024.57 

Total electricity and energy cost 64,204.18 1,011,979.84 

3. Water supply 5,229.73 261,486.60 

Total utilities cost 5,229.73 82,430.51 
   
Total all 69,433.91 1,094,410.35 
 
 

Table 4 The annual and lifetime of maintenance, repairing and replacement costs  
in the use stage 
No Maintenance, repairing and 

replacement activity 
Lifetime of 

materials (Year) 
Cost 

(Baht/time) 
Life time cost 

(Baht) 

1. Sealant 10 [27] 1,710.00 2,044.82 
2. House paint    

 - Indoor 10 [8] 19,264.00 23,035.89 
 - Outdoor 10 [8] 16,885.80 20,192.04 

3. Injecting anti-termite solution 5 20,400.00 57,042.48 
4. LED lamps 13W and 18W  

 
17 20,290.40 10,333.90 

Total maintenance and repairing costs 112,649.13 
 
4.3 End of life stage 

          The cost of the end-of-life stage, which is the final stage that covers deactivation, the 
layoff of construction and maintenance, and demolition. This level was assessed through 
interviews with five building and house demolition contractors. It was found that the average 
demolition cost was 310 Baht per square meter. All costs associated with the end of life 
include demolition, labor costs, transportation costs, and the cost of dismantling waste 
management shown in Table 5. The total cost of demolition of detached houses is 
approximately 113,150 Baht. Incorporating guidelines for waste management from 
demolition, there is a determination of the amount of waste from the demolition of houses 
from the inspection of BOQ documents. The transport distance to the landfill/recycling is 40 
kilometers by 6-wheel trucks [33]. 
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Table 5 The costs in the end of life stage 

Description of cost Cost (Baht/ ) Total cost (365 ) Remark 
Demolition (include 
labor, energy, 
transport) 

310 113,150.00 Interview with 5 companies of building 
and house demolition contractors and 
average demolition costs. 

Total cost 113,150.00  
 
           Suggestions for the cost of the demolition process include that the demolition company 
will sell the demolition waste to the scrap metal purchase company for recycling. In this case, 
the study did not consider the cost of waste management and assumed that all demolition 
waste was directed to the demolition waste management process. So, except for scrap metal 
from demolition, the demolition company will be sold to scrap metal purchase companies for 
recycling. The amount received is 131,054.07 baht, thus becoming the revenue of the 
demolition company and cannot be deducted from the cost of the demolition process. 
          From calculating the cost over the life cycle of a detached house over a period of 50 
years. It was found that the construction stage amounted to 3,585,631.45 baht, the use stage 
cost 1,207,059.48 baht, and the end of life stage demolition cost 113,150.00 baht, as shown in 
Table 6, and the proportion of costs in each step of the detached house in Figure 5. 

 
Table 6 The summary life cycle costing of the detached house over lifetime 50 years 

Life cycle stage  Life time cost (Baht) 
Construction  Materials  2,719,873.55 
 Labor 797,877.59 
 Transport 23,157.40 
 Construction facility fee 44,722.91 
 Construction total 3,585,631.45 
Use Electricity 1,001,955.27 
 Energy cost (Household gas) 10,024.57 
 Water supply 82,430.51 
 Maintenance, repairing and replacement 112,649.13 
 Use total 1,207,059.48 
End of life Demolition 113,150.00 
 Total 4,905,840.93 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5: The proportion of total life cycle cost (3 stages) of a detached house over 50 years. 
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5.. Conclusions 

    The detached house case study's overall life cycle cost analysis was compiled from the  De 
De Rak Nam 3 project model, and Microsoft Excel was used as a tool to assess the LCC of 
the detached house, including materials and construction stage, use stage, and demolition 
stage. These future costs are converted to present value (PV) in cash flows. It was found that 
the cost over the life of 50 years at a discount rate of 6% per year amounted to 4,905,840.93 
Baht. Subsequently, when considering the main cost of the materials and construction stage 
accounted for 73.09%, mainly because the value of construction materials at present tends to 
increase to 8.9% in all product categories. Specifically, steel, cement, and concrete products 
[29], are the primary building materials. The causes are a recovery in construction demand, 
government support measures requiring the use of domestically produced construction 
materials, an increase in the cost of imported raw materials such as scrap and billets in line 
with the direction of world market prices, and rising electricity and fuel costs [16]. The 
approach to controlling the cost of this part is to modify the traditional house construction 
method to construct a modular house with a prefabricated house structure [10]. In terms of 
quality, it saves costs, shortens construction time, and reduces environmental pollution. Next, 
the use stage costs 24.6%, with the main cost of the implementation being 20.42% electricity, 
1.68% water, 2.29% maintenance, and 0.20% cooking gas. Therefore, the main reason for the 
high cost is the long service time of the electrical appliances. The Ft adjustment is about 5% 
higher by the Metropolitan Electricity Authority [23]. By the way, the solution should be to 
improve the switch to using solar energy or solar cells to replace the primary electricity 
source. Installing a solar power generation system with an area of 20-40 square meters, with 
the total cost of panels and accessories around 350,000 - 470,000 baht. The investment can be 
returned within 7 -9  years. The important thing that should take into account is the position 
and orientation of the house along with local conditions and environments, such as the 
context of the house's location [32]. Electrical equipment with a service life of more than 10 
years should be replaced because of its low efficiency [14], and consumers should conserve 
energy, fuel, and water [26]. Lastly, the demolition stage accounted for 2.31%, which was the 
lowest cost ratio. Therefore, the cost of this demolition is the responsibility of the person who 
owns the detached house. The demolition contractors are the managers of the waste and scrap 
that occurs [30] in the following ways: scrap sorting, demolition, reuse, recycling, as well as 
transportation for scrap sale and disposal. Hence, this detached house cost analysis has 
parameters for cost calculations depending on the economic situation. This study can be 
applied to calculate the life cycle cost of other residential buildings for the benefit of those 
interested in making decisions in building construction project planning. 
 
 
6.. Limitations and Future study 

       Based on the literature review for calculating total cost in most case studies. It was found 
that there were some limitations to some variables, namely construction cost, operating costs, 
maintenance cost, and demolition cost, which were included in the total cost analysis. But 
this does not include the cost of decorating the house. In addition, most of the LCC 
calculations are made for residential homes and office buildings. There are only details of 
construction materials, electricity, water, energy, and transportation costs for each life cycle 
stage [6][7][22]. Therefore, the LCC analysis of case studies considers the detached houses in 
Bangkok, which can be studied further in the next work in the section on cost comparison of 
more than one building construction project to investment, calculating the Saving-to-
Investment Ratio (SIR), and the payback period analysis. 
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