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ABSTRACT

This paper investigated the life cycle energy and Greenhouse gas (GHG) emission analysis of a direct air carbon capture (DACC)
system. The cradle-to-grave life cycle approach has been adopted in the inventory stages. The life cycle stages namely extraction of
the raw materials (Fe, Si, etc.), manufacturing of the component materials (stainless steel, mild steel, etc.), construction of the system,
operation, disassembly, and disposal are considered for the analysis. The data were collected from the local industry through field
surveys and available literature. Local and international transportation were considered. The result showed that the total life cycle
energy consumption and CO, emission found are 4,368 MJ and 428 kg respectively. The extraction causes the major energy
consumption and GHG emissions throughout the life cycle. The SOx and NOx emissions are the dominant other GHG gases in the
life cycle stages. Energy consumption and GHG emissions can be reduced by adopting recycling and reusing materials rather than
importing from international sources.
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1. Introduction

The increasing trend of global fossil fuel consumption
and industrialization intensifies the carbon dioxide (CO2)
emissions in the atmosphere and it continues to rise and
enhance the greenhouse effect resulting in global warming [1].
The Paris Agreement in 2015 and COP26 in Glasgow 2021
recommended keeping the global temperature rise within
1.5°C above the pre-industrial level. The development of
carbon capture technology is one of the most impactful actions
addressing the above challenges [2]. Direct Air Carbon
Capture (DACC) is one of the carbon capture technologies that
is simple and cost-effective and can extract CO, from the
ambient air at any location [3]. A modified DACC system has
been constructed at RUET, Bangladesh to capture CO; from
the atmosphere. Though the system captures the emission
from the atmosphere it consumes fossil energy during the
extraction of the raw materials, component materials
manufacture, system construction, transport, and other states
and produces harmful emissions in the atmosphere. The life
Cycle Assessment (LCA) approach quantifies the energy
consumption and emissions of a product or technology
throughout the life cycle stages namely, extraction of the raw
material, manufacture of the component materials,
transportation, etc. Hence, the LCA study of the DACC
system constructed at RUET is the focus of this paper.

There are a limited number of related studies available in
the literature. Nagapurkar et al., 2024 [4] conducted a life
cycle assessment of a direct air carbon capture (DACC)
system using OpenLCA software in USA. The boundary

stages considered are upstream manufacturing of solid sorbent.

The result showed that the global warming potential of
166*10 kg CO.eq was found per kg CO; captured in the
DACC plant. Deutz and Bardow, 2021 [5] showed a life cycle
assessment study of a commercial direct air-captured plant in

Switzerland. Construction of the DACC plant, operation,
recycling, and disposal were considered as the life cycle stages.
The result showed that the plant emits up to 45b gCO,.eq per
kg CO. captured. Madhu et al., 2021 [6] presented a
comparative life cycle assessment of two direct air capture
technologies (adsorption and aqueous solution type) in
Germany. The results showed that with low carbon energy
supply the net carbon removal of up to 73% to 86% per ton of
CO, captured. Terlouw et al., 2021 [7] presented a
comprehensive life cycle assessment of DACC system in
Switzerland. The component production, transportation, and
storage were considered as the boundary stages. The results
showed that 6 kg CO»-eq was generated per ton of CO;
captured in DACC construction. Liu et al., 2020 [8] conducted
the life cycle GHG emission of a DACC system in Canada.
Process energy use, construction, and decommissioning (raw
material supply to end use) were the boundary stages. The
results showed that the system emits 0.51 gCO.e per gCO,
captured from the air.

The aforementioned related literature review highlighted
the studies conducted other than Asian countries namely in
the USA, Canada, and Europe. Their system configuration and
capacity are different. LCA boundary stage considerations are
different and other assumptions are different.

The life cycle assessment results vary from location to
location due to the variation of local industrial performance,
national energy mix, environmental regulations, life cycle
boundary stages consideration, etc. The present study focused
on the life cycle assessment of the direct air carbon capture
system based in the Asian developing country Bangladesh
which seems unusual in the available literature.

This paper aims to analyze the energy and CO, emission
in different life cycle stages of a direct air carbon capture
(DACC) system constructed at RUET, Bangladesh. A life
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cycle cradle-to-grave approach has been adopted for the
assessment.
2. Methodology

The life cycle approach includes goal and scope definition,
inventory analysis, assessment, and interpretation.
2.1 Goal and scope definition

The goal of this study is to quantify the energy
consumption and CO; emission for each life cycle stage
namely raw material extraction, manufacturing of the
component materials, assembly, operations, transportation,
and disassembly of the system at the end of the life. The
DACC system capacity considered in this study is 1.5 kg
solid sorbent captured 100 gm CO; from the air. The DACC
system considered in this study is shown in Figure 1.

Desorption chamber

Absorption chamber

Fig. 1 Direct air carbon capture (DACC) system

2.2 Inventory boundary stages

Figure 2 shows the life cycle boundary stages of the
DACC system. The life cycle stages are extraction of the raw
materials, component materials production, DACC
construction, DACC operation, disassembly at the end of life,
disposal of the system, and associated transportation.
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Fig. 2 Life cycle boundary stages of the DACC system

The energy consumption and corresponding emissions
in the atmosphere are shown in the Figure. Raw materials
such as Si, Mn, Fe, etc extraction is considered abroad and
imported. The manufacturing industry uses raw materials
and manufactures component materials like stainless steel
sheets, bars, mild steel sheets, etc. in Bangladesh. The
materials are then transported to the DACC system
construction stage. During the operation, it is assumed that
the power required to run the electrical component by solar
energy. After its lifetime, the system is disassembled and
then disposed of in to landfill. Since the system is simple and
small in size, the energy required for disassembly is
insignificant. The emissions in the disposal stage are
neglected as their value is insignificant compared to the total
life cycle value. Hence, the raw materials extraction,
component material production, construction of the system,

and transportation are the major contributors to the life cycle
assessment.
2.3 Data and estimation procedure

The DACC system has mainly two components namely
absorption chamber and desorption chamber. The mild steel
and stainless steel materials are used to construct the system.
The mass of component materials (mild steel, stainless steel)
is measured and the mass of corresponding compositions
called raw materials (Fe, Si, Mn, etc.) is collected through
industry visits. The amount of composition is considered for
the extraction. The raw materials are imported mainly from
China and India. The energy, materials, and transportation
data are shown in Table 1.

Table 1 Energy, material, and transportation data for one
unit DACC system

Component  Raw Total Energy for Energy for  Total
materials materials Weight material construction travel

(gm)  production (M) (tkm)
(kWh)

mild steel Fe 41,928
bar 6.6 C 73.36
kg, mild Si 307.5
steel sheet Mn 480.45 267.3
26.1 kg, S 18.06 (ship)
Stainless Cr 2541 153.21 882 and
steel bar P 17.65 24.35
2.6 kg, Cu 11.88 (truck)
stainless Ni 1133.26
steel sheet Mo 253.8
11.5kg

Extraction energy corresponds to each raw material and
transportation adopted from the literature [9-13]. Energy for
the material production and construction is collected from
the local industry visit (KSML, AKS, SSRM, etc.) and the
corresponding report.

Carbon dioxide (COj) is the major contributor to
greenhouse gases (GHGs). The GHG emission is estimated
using the emission factor adopted from the literature [14-17].
The emission factor adopted in this study is shown in Table
2. The relation for the calculation is shown by the following
equation.

CO0, emission (kg) =
Energy consumption (M] or kWh) X

Emissionfactor (ﬂ or ﬂ) D
M]  kwh

Table 2 GHG emission factor [14-17]

GHG emissions Emission factor Emission factor

(gm/MJ) (gm/kWh)
CO, 55.52 637
Cco 0.033 2.26
CHa 0.35 0.012
NOx 0.17 4.0
SOX 2.4x10"* 1.47

3. Results and Discussion
This section describes the results of the life cycle energy
and CO; emission analysis of the DACC system.

3.1 Energy consumption
Figure 3 shows the energy consumption during raw
materials extraction, material production, and transportation.
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The SS sheet is the most energy-consuming material,
consuming around 47% of the total energy estimated for the
corresponding stages. The MS bar shows the lower energy
consumption. This is because of the high energy
consumption during Si extraction compared to other
materials. In Fig. 3 (c), the energy consumption for the truck
is higher than that of the ship. This is due to the per tkm
energy consumption for the truck being higher than the ship.
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Fig. 3 Energy consumption (a) extraction (b) Material
production (c) Transportation

Figure 4 shows the energy consumption throughout the
life cycle stages of the DACC system. It is seen that the
energy consumption in extraction is higher than in the other
boundary stages. This implies that material travel is more
dominant over the other stages. The extraction stage is the
second highest.

The total life cycle energy consumption found is 4,368
MJ (Fig. 4a). In Fig. 4 (b), it is seen that 65% of the life cycle
energy is shared by the extraction stage. The energy share of
the transportation found is 2 %. The system construction
required more energy than the material production.
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Fig. 4 Energy consumption throughout the life cycle stages
(a) In terms of numerical value (b) Percentage contribution

3.2 Carbon dioxide emission

Figure 5 shows the GHG emission of the DACC system
throughout the life cycle stages. In Fig. 5 (), it is seen that
the CO, emission is higher in the extraction. This is
reasonable as extraction shows greater energy consumption.
The total life cycle CO, emission found is 428 kg. In Fig 5
(b), extraction and construction share 37% and 36% of total
life cycle CO, emission respectively which is significant.
The extraction and construction give an equal share.

In Fig. 5 (c), the other GHG gases namely CO, CHg,
NOx, and SOx found insignificant in the transportation. The
NOx and SOx emissions are higher in the production, and
construction stages but lower in the extraction stage. The
NOx and CHj, are higher in the extraction stage. Hence, SOx
and NOx have a dominant role in the upstream life cycle
stages.

4. Conclusion

The life cycle energy and greenhouse gas (GHG)
emission analysis of a direct air carbon capture system
(DACC) has been studied in this paper. Raw material
extraction and disposal at the end of its life have been
considered the boundary stage. The field survey data from
the local industrial production has been adopted for the
estimation. The result showed that the total life cycle energy
and CO, emission found are 4,368 MJ and 428 kg
respectively. The extraction stage is responsible for the
higher energy consumption and emissions. The other GHG
gases like SOx and NOx emissions play a dominant role in
the life cycle stages. The results presented in this paper will
be useful for the material manufacturer and technology
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developer to select the energy and environment-friendly
pathway to develop the technology.
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NOMENCLATURE

CO2

: Carbon dioxide, kg

CO : Carbon monoxide, gm
DACC: Direct air carbon capture
GHG : Greenhouse gas, kg

SOx : Sulfur oxides, gm

NOx : Nitrogen oxides, kg
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