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Introduction

Abstract: Climate change and global warming have become major global
concerns due to their significant impacts on the environment and human life.
One of the primary contributors to climate change is Greenhouse Gas (GHG)
emissions, which are generated by various industrial activities, including the
construction sector. PT Kaltim Methanol Industri, one of Indonesia's largest
methanol producers, plans to add a new unit for CO; injection to enhance its
production capacity. In this new unit, the reciprocating compressor machine
foundation is a crucial structural component that must not only meet technical
requirements but also consider environmental impacts, particularly GHG
emissions produced during the construction process. This study employs the Life
Cycle Assessment (LCA) method to identify the life cycle stages that contribute
the most to GHG emissions and and to determine the most environmentally
friendly foundation among various types of foundation, namely standard block
foundation, spring-supported foundation type 1, type 2, and type 3. The
dimensions of each foundation type are 10.2 m in length and 6.2 m in width, with
varying heights: standard block foundation (1.5 m), spring-supported type 1
(1.25 m), spring-supported type 2 (1.0 m), and spring-supported type 3 (0.75 m).
The height above ground for each foundation type is 0.35 m. The study results
indicate that the raw material stage contributes the most emissions, with the
highest emissions recorded in the standard block foundation at 65,969.8476
kgCO.e. Meanwhile, the foundation with the lowest emissions is the spring-
supported type 3, producing 36,550.0597 kgCOe.

Keywords: Greenhouse Gas Emissions, Life Cycle Assessment, Machine
Foundation

Climate change and global warming have become major global concerns due to their

significant impacts on the environment and human life. One of the primary contributors to
climate change is Greenhouse Gas (GHG) emissions resulting from various industrial
activities, including the construction sector. According to the United Nations Environment
Programme (2021), the construction sector contributes up to 37% of total global GHG
emissions. In an effort to reduce GHG emissions, industries are expected to implement
various mitigation measures, including optimizing operational processes and improving
efficiency in the construction sector.
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PT Kaltim Methanol Industri, as one of the largest methanol producers in Indonesia,
plans to add a new unit for CO; injection to increase its production capacity. In this new
unit, the foundation of the reciprocating compressor machine is a critical structural
component. This foundation must not only meet technical requirements but also take into
account environmental impacts, particularly the GHG emissions generated during its
construction process. Each phase of construction, from the raw materials to usage during
construction, contributes to the increase in GHG emissions, which are the primary drivers
of global climate change. Machine foundations are structures designed to support the static
and dynamic loads generated by the machinery they hold. Standard block foundations are
designed to have sufficient mass to withstand the dynamic forces of the machine. According
to Addina S. A. (2022), the larger the foundation dimensions, the smaller the amplitude
produced, effectively reducing the risk of harmful vibrations. However, as industrial needs
grow more complex, modifications in foundation design, such as incorporating elastic
elements like springs, have emerged as viable alternatives. The addition of springs to the
foundation can influence the required foundation dimensions, which in turn impacts the
GHG emissions produced.

Life Cycle Assessment (LCA) is a widely recognized method for analyzing and
evaluating the environmental impacts of a product or infrastructure throughout its entire
lifecycle, from raw material extraction, production, use, to final disposal, enabling data-
driven decision-making to enhance sustainability (Badan Standarisasi Nasional, 2016). In
this study, LCA method is applied to evaluate GHG emissions from the construction of the
CO, compressor machine foundation at PT Kaltim Methanol Industri. The goal is to identify
the lifecycle stages that contribute the most to emissions and determine the type of
foundation that is more environmentally friendly.

This research is expected to provide a comprehensive overview of the GHG emissions
generated during the construction of the machine foundation. Furthermore, it serves as an
initial step in identifying areas that need improvement to reduce the company’s carbon
footprint. By doing so, PT Kaltim Methanol Industri can make a more significant
contribution to global efforts to reduce GHG emissions and achieve more sustainable
operations.

Methodology

The methods used in this research include Terzaghi's method for foundation bearing
capacity calculations, static and dynamic calculations, and the addition of springs based on
Suresh Arya's book (1971), as well as greenhouse gas emission analysis using the Life Cycle
Assessment method. Calculations are performed with the assistance of Microsoft Excel and
Autodesk Revit applications. The research involves design planning and GHG emission
calculations for various types of block foundations, namely standard block foundations,
spring block 1, spring block 2, and spring block 3.

The research is conducted at PT Kaltim Methanol Industri, located in Bontang, East
Kalimantan. Data collection was conducted from February to June 2024. The research data
used in this study consists of two types, primary data and secondary data. Primary data
refers to information obtained directly from documents and interviews conducted at PT
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Kaltim Methanol Industri, which includes soil data and machine design data. The collected
soil data are as follows:

1. Soil type : Sand
2. Internal friction angle ()  :35°
3. Soil unit weight (y) : 18 kN/m3
The machine used is a reciprocating compressor with the following specifications:
1. Weight : 70 tons
2. Dimensions :6x10x4.5m
3. Machine speed (f) : 1200 rpm

Secondary data refers to information that has been collected by other parties and is
available for reuse in this study. In this research, secondary data is gathered through a
literature review, encompassing relevant information on spring specifications and GHG
emissions from various sources related to the research topic.
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Figure 1. Research Location

The LCA used in this study consists of four stages based on SNI-ISO 14040:2016 issued by
the Indonesian National Standardization Agency:

1. Goal and Scope Definition: In this stage, the objectives of the analysis are determined,
and the system boundaries are defined. The system boundaries encompass the aspects
included in the life cycle to be assessed, such as production, distribution, and disposal
stages.

2. Inventory Analysis: This stage involves collecting quantitative data on inputs (such as
raw materials, supporting materials, energy, transportation, and tools) and outputs
(such as greenhouse gas emissions) from each stage of the life cycle. This data is then
used to calculate resource use and the resulting environmental impacts.

3. Impact Assessment: After inventory data has been collected, the environmental
impacts of the inputs and outputs are analyzed. This analysis helps to understand the
extent to which each stage in the product's life cycle contributes to specific
environmental issues.
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4. Interpretation: The interpretation stage is used to discuss the results of the impact
analysis and identify opportunities for environmental improvement. The researcher
draws conclusions and provides recommendations based on the data and analyses

conducted.

Result and Discussion

Foundation Design

This research begins with the design of the foundation using the design data in Table
1. The design data has undergone static and dynamic analysis, and has passed the design

safety check.
Table 1. Foundation Design Data
Block Foundation Type
Specification

Standard Spring 1 Spring 2 Spring 3
Length (m) 10.2 10.2 10.2 10.2
Width (m) 6.2 6.2 6.2 6.2
Height (m) 1.5 1.25 1 0.75
Embedded Height (m) 1.15 0.9 0.65 0.4
Height from GL (m) 0.35 0.35 0.35 0.35
Max Spring Load (Ibs/inch) - 500 400 300
Number of Springs (unit) - 10 10 10
Reinforcement (mm) D25-70 D25-85 D25-105 D25-150

Figure 1 shows the foundation design used in this study
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Figure 1. Foundation Design

Subsequently, the calculation of raw material requirements is carried out by
multiplying the concrete volume by the mix design proportions. Concrete volume and
reinforcement requirements are obtained from Autodesk Revit.

Table 2. Concrete, Reinforcement, and Springs Required

Reinforcement

Block Foundation Type Concrete (m3) (ke) Spring
Standard 92.4810 18,675.1500 -
Spring 1 77.1850 14,640.2500 13
Spring 2 61.7930 11,358.9500 15
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Block Foundation Type Concrete (m3) Remf;)l:;(;ment Spring
Spring 3 46.4570 7,638.0500 15

According to research by Agus Setya Budi (2021), the mix design for 1 m?® of normal
concrete with f'c 30 MPa requires 284.72 kg of cement, 847.2 kg of sand, 924 kg of gravel,
and 205 liters of water.

Table 3. Raw Material Requirements

Block Foundation Type Cement (kg) Sand (kg) Gravel (kg) Water (liters)
Standard 26,331.1903 78,349.9032 85,452.4440 18,958.6050
Spring 1 21,976.1132 65,391.1320 71,318.9400 15,822.9250
Spring 2 17,593.7030 52,351.0296 57,096.7320 12,667.5650
Spring 3 13,227.2370 39,358.3704 42,926.2680 9,523.6850

Raw Material Transportation

The use of fuel in transporting raw materials to the batching plant with transportation
equipment results in the release of GHG emissions during the transportation process. In
analyzing the resulting GHG emissions, data on the transportation equipment used and its
repetition are required. The data is presented in the Table 4.

Table 4. Distance and Raw Material Transporter

Di BP T
Process Unit Route istance to Transporter ransl?orter
(km) Capacity (t)
Cement Transportation Land 148 Dump Truck 7.5
Land 2.1 Dump Truck 7.5
Sand T tati
and ttansporiation Sea 285 Barge 3000
Land 2.1 Dump Truck 7.5
Gravel T tati
ravel Transportation Sea 285 Barge 3000

The calculation of transportation repetitions for each raw material is performed by
dividing the raw material requirement by the transporter's capacity, rounding the result up
to the nearest whole number.

Table 5. Raw Material Transportation Repetition

Cement Sand Gravel
Block Foundation Type
Land Land Sea Land Sea
Standard 4 11 1 12 1
Spring 1 3 9 1 10 1
Spring 2 3 7 1 8 1
Spring 3 2 6 1 6 1

Production Process

The energy consumption data for the concrete mixing process per m?® is presented in
the table below, which then calculates the total energy consumption for each energy by
multiplying the concrete volume by the energy consumption per m?®.
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Table 6. Total Energy Consumption of Concrete Mixing

Energy Block Foundation Type
Energy Type Consumption

per m? Standard Spring 1 Spring 2 Spring 3
Electricity (kWh) 2.9512 272.9299 227.7884 182.3635 137.1039
Natural Gas (M]) 7.5959 702.4764 586.2895 469.3734 352.8827

Oil (kg) 0.0077 0.7121 0.5943 0.4758 0.3577
Diesel (Gallon) 0.4853 44.8810 37.4579 29.9881 22.5456

Gasolin (Gallon) 0.0026 0.2405 0.2007 0.1607 0.1208
LPG (M])) 0.9255 85.5912 71.4347 57.1894 42.9960

Material Transportation

The transportation equipment used to deliver fresh concrete and reinforcement
materials to the site includes mixer trucks and dump trucks, while cold diesel double (CDD)
trucks are used for transporting spring materials.

Table 7. Distance and Material Transporter

Process Unit Route DI,S tance to Transporter Transp.»orter
Site (km) Capacity (t)
Concrete Transportation Land 2.8 Mixer Truck 6.5
Reinforcement Transportation Land 238.4 Dump Truck 75
Sea 780.5 General Cargo Ship 33,652
) . Land 261.2 CDD Truck 5
Spring Transportation Sea 780.5 General Cargo Ship 33,652

Transportation repetitions for each material are calculated by dividing the required material
quantity by the transport capacity and rounding up to the nearest integer.

Table 8. Material Transportation Repetition

Concrete Reinforcement Spring
Block Foundation Type
Land Land Sea Land Sea
Standard 15 3 1 - -
Spring 1 12 2 1 1 1
Spring 2 10 2 1 1 1
Spring 3 8 2 1 1 1

Usage During Construction

Field concreting work requires several types of equipment, including vibrators,
concrete pumps, compressors, and mixer trucks. According to Aurel Sandra Gunawan
(2021), spreading concrete with a mixer truck takes approximately 15 minutes for every 12
m?3. The operating time for the vibrator and concrete pump is equivalent to the usage time
of the mixer truck, while the compressor requires about 10 minutes for every 100 m? of
concrete. The duration of equipment usage is calculated by dividing the total concrete
requirement by the equipment's capacity, then multiplying the result by the spreading time.
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Table 9. Equipment Usage Durations

. Mixer Truck . Concrete Pum Compressor
Block Foundation Type (hour) Vibrator (hour) (hour) P (hl())ur)
Standard 1.9267 1.9267 1.9267 0.1541
Spring 1 1.6080 1.6080 1.6080 0.1286
Spring 2 1.2874 1.2874 1.2874 0.1030
Spring 3 0.9679 0.9679 0.9679 0.0774

Life Cycle Assessment Analysis

The Life Cycle Assessment (LCA) analysis consists of five stages for evaluating
greenhouse gas (GHG) emissions. The first stage, "Raw Material," calculates emissions by
multiplying the quantity of material used with the total embedded GHG in material. The
second stage, "Raw Material Transportation," determines emissions by multiplying the
material weight, transportation repetitions, distance, and the emission factor of the
transportation equipment. The third stage, "Production Process," evaluates emissions based
on energy consumption and the emission factor of the energy source. The fourth stage,
"Material Transportation,” calculates emissions in the same manner as raw material
transportation but focuses on processed materials. Lastly, the fifth stage, "Usage During
Construction,” computes emissions by considering the number of tools used, their
operational time, and the emission factor of the tool.

Table 10. Greenhouse Gas Emissions of Various Block Foundations Types

Block Foundation Type (kgCO:e)

Stages
Standard Spring 1 Spring 2 Spring 3
Raw Material 65,969.8476 53,192.4850 41,870.6139 29,682.8728
Raw Material Transportation 4,856.2352 3,785.6085 3,497.2478 2,437.1085
Production Process 759.3150 633.7272 507.3512 381.4351
Material Transportation 3,911.6059 4,006.6433 3,987.6146 3,967.1902
Use During Construction 162.1472 135.3287 108.3418 81.4532
Total 75,659.1509 61,753.7927 49,971.1693 36,550.0597

Table 10. shows the GHG emissions for each stage and the total GHG emissions
generated by various types of block foundations. The stage contributing the most to GHG
emissions is the raw material stage. For the standard block foundation, the raw material
phase produces the highest GHG emissions at 65,969.8476 kgCO.e, followed by spring block
1 at 53,192.4850 kgCOse, spring block 2 at 41,870.6139 kgCO.e, and spring block 3 at
29,682.8728 kgCOe.

In terms of total emissions, the standard block foundation produces the highest GHG
emissions at 75,659.1509 kgCO.e, followed by spring block 1 at 61,753.7927 kgCOse, spring
block 2 at 49,971.1693 kgCO»e, and spring block 3 at 36,550.0597 kgCO»e. This reduction in
emissions indicates that spring block foundations are significantly more environmentally
friendly compared to the standard foundation.
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The decrease in emissions is directly related to the reduction in construction material
volume for spring block foundations. Smaller foundation dimensions result in lower
material requirements, fewer transportation repetitions, reduced energy consumption, and
shorter equipment usage durations, which collectively lead to lower GHG emissions. While
the addition of springs may slightly increase GHG emissions during the material
transportation stage due to the need for additional transport of the springs, the overall
environmental benefits of spring block foundations remain substantial.

Overall, spring block foundations offer a significant reduction in total GHG emissions
compared to standard block foundations. Among these, spring block 3 stands out as the
most sustainable construction option, with the lowest total emissions among all the
foundation types analyzed.

Conclusion

Based on the analyzed data, conclusions can be drawn in line with the research
objectives. The stage contributing the most to greenhouse gas emissions is the raw material
stage. For the standard block foundation, this stage produces the highest greenhouse gas
emissions at 65,969.8476 kgCO,e, followed by spring block 1 at 53,192.4850 kgCO.e, spring
block 2 at 41,870.6139 kgCOse, and spring block 3 at 29,682.8728 kgCO,e. Among the
foundation types, the spring block foundation, particularly spring block 3, generates the
lowest total greenhouse gas emissions at 36,550.0597 kgCO.e.
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