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21 February 2024 impact on the environment from the resulting construction waste. The purpose of this study is to

Keywords analyze the highest type and quantity of construction waste generated from Mechanical Electrical

building, construction, Plumbing (MEP) work from the difference in the amount of material from the BOQ with the amount

MEP, waste management attached to the as-built drawings, evaluate the economic value by calculating the ratio of the amount
@ of waste generated to the amount of material at BOQ (waste level) x the scope of work percentage

(waste cost), selling value of waste (the quantity of waste x the local selling price), and costs of

disposal of construction waste based on the agreement of each project management. This study uses
a descriptive quantitative method. The results showed that most of the construction waste
generated was based on its type, consisting of copper-based cables, steel and plastic pipes, and
polyurethane ducts. The highest quantity of construction waste came from the office project, which
was 2 x 1.5 mm2 NYA cables (216,515 m). The highest waste level value came from office, condotel,
and factory projects using several types of cables (> 94%). The highest waste cost value came from
the condotel project is polyurethane duct (IDR 5,727,267,000.00). The metal waste produced is sold
by contractors to collectors for recycling. Non-metal waste is disposed by paying a civil contractor.
Construction waste management policies must be implemented to reduce the amount and impact
of construction waste generated.

Introduction

Construction projects are a sector that has been growing rapidly in Indonesia since the last few years in line
with its economic growth [1]. The construction sector has a major influence on the environment, utilization
of natural resources, processing, and waste it produces. Development in the construction sector will cause
environmental problems if not managed properly [2]. Waste that has not been reused ends up in landfills.
The increasing amount of construction waste that was simply dumped into landfills without any management
processes led to an increase in land use [3]. Problems arise when the landfill is full, resulting in the manager
having to find a new location to replace the old landfill. The existence of this landfill is often rejected by the
community because it is considered to disturb the condition of the surrounding environment, thereby
affecting quality of life [4].

The construction process consumes the majority of materials. However, the production of construction
materials requires extensive natural resource exploration. Based on the amount of material consumed, the
construction process requires approximately 40% of the material globally or 3 billion tons per year [5]. In the
United States, an estimated 250 million tons of municipal solid waste are generated annually [6].
Approximately 170 million tons of waste are related to construction and demolition, with 39% coming from
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residential sources and 61% from non-residential sources [7]. The metal content of construction waste can
contaminate soil and water bodies via surface water runoff, thereby endangering the environment. These
impacts include decreasing the pH value and increasing the total distribution of heavy metals in the soil [8].
Construction waste generates large amounts of waste. Based on Law No. 18 of 2008 concerning Waste
Management in Indonesia, this waste is included in the category of "specific waste", which requires special
rules [9]. Owing to its large volume and non-decomposing nature, it can cause problems in waste
management.

Currently, the construction industry must apply the concept of sustainable construction. Responsibility in the
sustainable aspect must exist in the design, construction, and post-construction stages [10]. This demand is
reinforced by the existence of targets from Sustainable Development Goals (SDGs) regarding responsible
consumption and production (12) [11]. Therefore, efforts are needed to overcome the impact of this waste
on maintaining environmental conditions [12]. The concept of sustainable construction, which is a part of
sustainable development, has various parameters, one of which is the effort to implement 3R (reduce, reuse,
and recycle) [13]. Waste management has great potential for overcoming the impact of construction waste.
Reducing waste using a more adequate design to reduce the resulting concrete debris is considered more
effective. However, reuse and recycling of construction waste must also be pursued. Concrete debris can be
reused as an aggregate to produce new concrete.

Other materials such as asphalt, wood, and metal have the potential to be reused or significantly recycled,
namely, by selling them to third parties for recycling [14]. There is no systematic review of research progress
in the literature on sustainable construction waste management, making strong processes, strategies,
management systems and policies, and efficient waste management urgently needed [15]. Construction
waste management must be conducted to conserve resources and to prevent environmental degradation.
For effective construction-waste management, two important parameters must be implemented and
integrated. Construction waste management hierarchy and review the factors that contribute to construction
waste management [16]. Metal-based construction waste (scrap) is often used in the steel smelting industry
to produce machine components and new metallic materials [17]. The purpose of this study is to analyze the
highest type and quantity of construction waste generated and evaluate the economic value, selling value of
waste, and costs for disposal of construction waste.

Materials and Methods

The methods used in this study were descriptive and quantitative. This method was carried out by first
identifying the type of construction waste that was produced. The 3R concept was used to determine the
types of waste that could be further processed. Furthermore, data collection was performed based on the
economic value obtained from waste utilization. This information is used to determine the potential
economic value and solutions for the sustainability of the carrying capacity and carrying capacity of the
environment. The steps of the research are as follows: identify the dominant material types by calculating
the quantity of construction materials needed based on data from the Bill of Quantity (BOQ) minus the
installed materials based on the as-built drawings [18]; analyze the economic value of waste generated by
calculating the waste level by dividing the amount of waste generated by the amount of material in the BOQ
[19]; calculate the waste cost by multiplying the waste level by workload and total contract value [19];
calculate the waste index by estimating the ratio between the volume of construction waste disposed of and
the project area [20]; calculate the value of waste that can be sold by multiplying the quantity of waste by
the local selling price (IDR/kg); and calculate the cost for disposing construction waste and calculating the
cost for disposal of construction waste every month based on the agreement of each project management.

Results and Discussion

The Dominant Material Types

According to Government Regulation No. 101 of 2014 [21], waste is a residual result of operations and
activities. Construction waste can be reused with the same function and form as before. Therefore, waste
that is referred to as residual activity in construction is not always disposed. The remaining material can be
sorted for use in other construction projects or removed for recycling [22]. The materials used in Mechanical
Electrical Plumbing (MEP) work vary widely, and include cable trays, lighting, conduit pipes, water pipes,
valves, sprinkler pipes, and ducting. These materials have the potential to generate construction waste from
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the work performed [23]. Based on these results, several types of materials were used in this project. The
basic materials that are widely used are metal-based and plastic. Metal-based materials are often used to
manufacture firefighting pipes, air-conditioning pipes, ducts, cable trays, and cables. Plastic-based materials
are generally used for manufacturing plumbing (plumbing) and ducting. The data on the types of construction
waste generated from each construction project are presented in Table 1.

Table 1. The three largest quantity of construction waste.

Materials
Rank . Waste Waste Waste
Office quantity (m) Condotel quantity Factory quantity (m)
1 NYA2x 1.5 216,515 CPVC @ 15 mm 6,918 m NYM 3 x 2.5 mm?2 + metal 3,505
mm?2 conduit
2 NYM 3 x 2.5 20,177 PU duct 5,195 m? NYY 3 x 2.5 mm? + in metal 1,160
mm?2 conduit @ 20 mm
3 HI PVC conduit 18,105 NYY 3 x4 mm2 + 5,007 m NYY 4 x4 mm2+BC4 mm2 654
@20 mm PVC conduit

CPVC = chlorinated polyvinylchloride, N = copper core, Y = PVC insulation, M = more than one core, A = single cable, HI = high impact, PU = polyurethane, BC
= bare copper.

Based on Table 1, in the Office project, there is a NYA 2 x 1.5 mm2 cable as the material with the highest
amount of construction waste (216,515 m). Followed by NYM cable 3 x 2.5 mm2 (20,177 m) and HI PVC
conduit @ 20 mm pipe (18,105 m). The NYA 2 x 1.5 mm? cable material ranks highest with the most remaining
material owing to differences in the calculation of the amount of material in the BOQ and what has been
installed in the as-built drawings. The calculation of material requirements in the BOQ uses a unit of 14 to 38
m/point of installation of the electronic unit material, while the material installed turns out to be a series
circuit with electronic unit materials, such as heat detectors, smoke detectors, and manual push buttons.
Therefore, the actual required 2 x 1.5 mm? NYA cable material is much less than that stated in the BOQ.
Similarly, with NYM cables of 3 x 2.5 mm? and HI PVC conduit pipes @ 20 mm. The two materials are used to
complement each other because the NYM cable (3 x 2.5 mm?) is wrapped in an HI PVC conduit @ 20 mm pipe;
thus, the amount of waste generated is not significantly different.

In concrete projects, the CPVC pipe @ 15 mm is the material with the largest amount of construction waste
(6,918 m). The PU duct ranks next, with a total waste area of 5,195 m2. Third, the NYY cable 3 x 4 mm? + PVC
conduit contains 5,007.5 m of construction waste. The CPVC pipe material @ 15 mm occupies the largest
amount of construction waste because it is a branch pipe with the smallest size, which often experiences
changes in the installation path during the construction process, thereby affecting the amount of material
needed. In this study, it was also found that the smaller the diameter of the pipe, the more often there is a
change in the installation path compared to a larger pipe of the same type. The main-line pipe is the least
likely to change the installation path compared with pipes with smaller sizes. PU duct material with
construction waste of 5,194.8 m? due to changes in the ducting path, and the large quantity of the ducting
surface causes a difference in the remaining material. The ducting fabrication process, which is also
conducted in the project area, affects the amount of remaining raw materials that can become waste. The
next material is an NYY cable 3 x 4 mm? + PVC conduit with a total construction waste of 5,007.5 m. The
difference between the amount of material in the BOQ and that installed is often caused by a change in the
installation path and number of installed units.

In the Factory project, the same phenomenon was observed for the amount of cable material left. In this
project, there are three rankings for the type of material with the largest amount of construction waste, all
of which are types of cables, successively including NYM cable 3 x 2.5 mm? + metal conduit (3,505 m), NYY
cable 3 x 2.5 mm? + metal conduit @ 20 mm (1,160 m) and cable NYY 4 x 4 mm? + BC 4 mm? (654 m). As
shown in Table 1, cable material dominates the other types of materials. This is because the scope of electrical
and electronic work is larger than that of mechanical work, which requires the installation of more types of
cables. In general, the amount of cable waste generated is due to differences in the method of calculating
cable requirements compared with those that have been installed based on as-built drawings. When an
electronic installation unit and an electrical installation unit have been installed, the project owner or
consultant only reviews how many installation units have been installed but does not measure the length of
installation of the cable has been installed.
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Compared to structural work during construction, MEP work can produce much construction waste, ranging
from 40 to 60% of the total construction cost. This is because there is often uncertainty in design changes
[24]. Overestimation in calculating the material required is one factor affecting the amount of construction
waste produced [25]. Based on government regulations in the Republic of Indonesia no 101 in 2014, cable
waste was classified as hazardous waste [21]. This waste harms the environment and humans owing to its
chronic impact on human health [26]. Cable waste can endanger health because of the heavy metal mixture
used in the manufacture of raw materials [27].

Analysis of the Economic Value of Waste

The highest value of waste level based on the amount of waste generated is shown in Table 2. The largest
level of waste in office projects comes from FRC cables 4 x 1 x 35 mm?2 + NYA 16 mm? (95%), ITC cable 2 x (1
x 1.5 mm?) + PVC conduit %” (98%), and the factory projects are NYY cable 4 x 4 mm? + BC 4 mm? (95%). Large
waste-level values are derived from the type of cable material. The cables used are generally of the copper
core type; therefore, copper is a construction waste that should be considered to be economically sufficient.
The large number of remaining cables, both unplugged and intact, was owing to the difference between the
calculation method during the bidding process based on the BOQ document and the actual number installed
based on the as-built drawings. In addition, project owners and consultants often see only the number of
units installed, overlooking the number of remaining cables. The high level of waste indicates that this
material requires special attention for handling construction waste because it will have a negative impact in
the future. In East and Southeast Asia, high levels of untreated waste are predicted to increase this problem
in the next few years [28].

Table 2. The largest waste level of each project.

Project Material Waste quantity Waste level
Office FRC 4 x 1 x 35 mm2 + NYA 16 mm? 185.3 m 95%
Condotel ITC2x(1x1.5mm?2),inPVCconduit3/4 37m 98%
Factory NYY 4 x 4 mm?2 + BC 4 mm? 654 m 95%

FRC = fire resistant cable, N = copper core, Y = PVC insulation, A = single cable, ITC = indoor telephone cable, PVC = polyvinylchloride, BC = bare copper.

In general, the high waste level calculation results, which are above 50% for several types of materials, are
also influenced by other factors, namely the type of formula used. In this study, the waste level was calculated
using the difference between the amount of material in the BOQ and the amount installed in the as-built
drawing. Therefore, there is a possibility of bias because the amount of material that arrives at the project is
not as high as stated in the BOQ and the as-built drawings are not very detailed. The use of this formula is
due to the availability of BOQ data and as-built drawings, which are available and complete. A more accurate
waste level formula can also be used to match the incoming material and material collection data from the
warehouse. However, this is not possible because much of the data are incomplete, and the recording of data
on the amount of material taken from the warehouse is not always up to date. From the amount of waste
generated, waste cost calculations were also performed to determine the product of the amount of waste by
workload and contract value. The highest waste cost values are listed in Table 3.

Table 3. The largest waste cost of each project.

Project Material Waste quantity Waste cost

Office NYA 2 x 1.5 mm? 216,515 m IDR 3,897,270,000.00
Condotel PU Duct 5,194.8 m? IDR 5,727,267,000.00
Factory Copper busduct 5,000A 24 m IDR 522,516,000.00

N = copper core, Y = PVCinsulation, A = single cable, PU = polyurethane.

Based on Table 3, the biggest waste cost value from the resulting office project is NYA cable 2 x 1.5 mm? (IDR
3,897,270,000.00). This is because this type of cable is widely used for the installation of fire protection
electronic accessories such as smoke detectors, heat detectors, manual push buttons, and flow switches.
Therefore, the need for BOQ calculations and their installation in the field is significant. PU duct is the material
with the highest waste cost from the condotel project (IDR 5,727,267,000.00). Even though the waste level
is low (38.5%), the average unit price of the material per m2 is quite high, which (IDR 1,102,500.00). In the
factory project, the material with the largest waste cost value is found in the copper busduct 5,000 A (IDR
522,516,000.00). Even though the waste level was relatively low (33%), the unit price of the material for the
Copper busduct 5,000 A was quite high (IDR 21,771,500.00/m). As shown in Table 3, the most common types
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of waste materials are metals and plastics. There is a close relationship between the types of waste made of
metal and plastic and the waste cost per ton [29].

The high value of the waste cost is influenced by the amount of waste and the unit price of the material. The
large amount of MEP work waste generated also affects the value of the waste level in the previous
discussion. One of the causes of the high waste level in the previous discussion is that it only uses the
complete available data types (BOQ documents and as-built drawings), so the waste cost is high. To estimate
the ratio between the volume of construction waste disposed and project area, the waste index value was
calculated. The results of the waste index calculations are presented in Table 4.

Table 4. Waste index value of construction waste.

No Factors Office Condotel Factory

1 Frequency of transportation of construction waste per month 8 times 3 times 2 times

2 Transport truck volume 12 m3 12 m3 7.7 m3

3 The duration of the project 12 months 36 months 12 months
4 Project area 39,300 m? 32,393 m2 11,900 m?
5 Waste Index 0.029 0.040 0.016

Based on Table 4, the waste index values obtained from Office, Condotel, and Factory projects were 0.029,
0.04, and 0.016, respectively. The largest waste index value is in the Condotel project, whereas the smallest
waste index value is in the factory project. The Condotel project obtained the largest waste index value
because it lasted the longest compared to other projects, thus affecting the amount of waste released to the
greatest extent. The smallest waste index in the factory project was caused by the smallest project area and
smaller number of transport trucks compared to the other two projects. The waste indices resulting from the
construction of the Credit Agricole Bank office building project in New Cairo and Dar el Handassa New
Headquarter Smart Village in Giza were 0.025 and 0.026 [30]. Similar research has also been conducted in
the high-rise building of the Thamrin Nine project in Jakarta, where iron occupies the largest waste level with
a project waste index of 0.078 [31]. The construction waste that could be sold in this study was metal waste-
based waste (scrap). The types of waste that could be sold in this study were scrap, including iron, copper,
and zinc-coated steel. Based on the interviews, the sales results for metal materials are listed in Table 5.

Table 5. Selling price of construction waste.

No Type of metal Office Condotel Factory

Quantity  Selling price/Kg* Quantity Selling price/Kg* Quantity  Selling price/Kg*
1 Steel 2,000 Kg IDR 3,500.00 1,000 Kg IDR 4,500.00 3,000 Kg IDR 2,000.00%*
2 Copper 500Kg  IDR 55,000.00 (NA)F** 100Kg  IDR 70,000.00
3 Zinc-coated steel 500 Kg IDR 500.00 - - 50 Kg IDR 500.00

*Selling price based on interview; **selling price below standard; ***NA: Not available data.

Based on the Table 5, the highest selling price of scrap is found in copper (IDR 55,000.00—IDR 70,000.00).
Scrap copper has a higher selling value than other metals, such as iron and zinc, because copper can be
recycled into goods that have a high selling value [32]. Based on the amount of scrap waste generated, iron
scrap occupies the highest amount of all samples compared to copper and zinc-coated steel scrap. This is
because, in terms of quantity in kilograms, this type of iron material is more widely used in all scopes of work,
both mechanical, electrical, and electronic, compared to copper, which is often used only in electrical and
electronic work scopes.

Zinc-coated steel accounts for the smallest amount of scrap sales because its use is limited to the scope of
air conditioning work, and not all air conditioning work in the project uses zinc-coated steel as a raw material
for ducting. Zinc-coated steel for ducting installation is used only in office and factory projects. Condotel
projects use far more ducting made from polyurethane (PU) than zinc-coated steel; thus, the zinc-coated
steel waste generated from condotel projects is practically zero. The metal waste that is sold can be
processed into new goods by metal smelting companies to provide economic benefits. Recycled metals can
provide economic benefits when available mineral resources are limited [33]. The result of metal waste
recycling is a high-quality product. One of the recycled products produced is wear-resistant welding
hardfacing material [34].
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Analysis of the Cost for Disposing of Construction Waste

Construction waste that cannot be reused in projects is often disposed of outside the area. However, the
disposal of construction waste is expensive. Table 6 lists the costs incurred for each project. Based on the
disposal costs in Table 6, in a month, the office, condotel and factory projects cost IDR. 2,000,000.00, IDR.
1,200,000.00 and IDR. 600,000.00. The disposal of MEP construction waste is an action taken when there is
activity residue or material resulting from construction activities that cannot be reused. The disposal of
construction waste is costly. The construction costs for the projects in this study were determined during a
meeting between the project owners, consultants, and contractors involved. Of the three projects sampled,
civil contractors handled all construction waste that could not be utilized. The costs incurred when disposing
of waste in the three projects were only purchased once per month, regardless of the quantity or number of
trucks transporting it.

Table 6. MEP waste disposal cost.

No. Project Waste disposal cost (per month)
1 Office IDR 2,000,000.00
2 Condotel IDR 1,200,000.00
3 Factory IDR  600,000.00

Costs incurred on 5 (five) apartment building development projects in Malaysia. The amount of costs incurred
to dispose of construction waste in a span of 15 to 17 months ranges from RM 72,000 to RM 192,000 [35].
Based on government regulations that construction waste is "specific waste", which requires special handling,
there should be specific regulations, including strict sanctions. In fact, there is a lack of clarity regarding the
proper management of construction waste and sanctions imposed by the government. Contractors and
landfill managers, who often come from the private sector, perform technical construction waste
management without specific instructions from the regulations issued by the government. The contractor
was limited to paying construction waste disposal costs to the landfill manager. However, cooperation
between the government and private sector in managing construction waste is expected to reduce the costs
of its disposal [36].

Conclusions

The largest quantity of construction waste from office projects is 2 x 1.5 mm? NYA cables (216,515 m). The
highest waste level value came from office, condotel, and factory projects, and came from several types of
cables with a value of > 94%. When utilizing construction waste, scrap waste is often sold to collectors by
contractors at a certain price. Scrap is resold by collectors to metal smelting companies for use in new goods.
Meanwhile, non-metal construction waste is disposed of by contractors outside the project by paying civil
contractors. It is hoped that a review of materials other than the installed units and the application of certain
policies in project management for the management of construction waste can reduce the amount of
construction waste generated.
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