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Abstract. In an effort to support the achievement of SGD, especially pillar
No.13 (Climate Change), the existence of a technological model that enables
to reduce negative impact of carbon emissions is one of the prerequisites for
supporting the sustainability of life on Earth. To answer these challenges,
this paper aims to introduce the idea of carbon capture technology in
residential called SIMPLEX (Smart Integrated Housing Complex). This idea
aims to introduce the use of engineering wood products as one of the
innovative solutions to combat the adverse effects of carbon emissions.
SIMPLEX is arranged in a housing complex inside there are Transparent
Wood, Transparent Nano paper, Wind Turbines, Structural Applications,
Water Treatment, and Energy Storage Devices. In the end, consideration of
the negative impacts of SIMPLEX and the need for regulations supporting
the implementation of SIMPLEX at the public level is conveyed. The
SIMPLEX idea will also initiate the achievement of zero carbon emission
building in Indonesia. In contrast to efforts to reduce carbon emissions by
using alternative energy approaches and mobilizing the use of electric cars,
efforts to reduce carbon emissions through a residential management
approach based on carbon capture technology is a breakthrough that
overlooked by Indonesian policymakers.

Keywords : Carbon capture, Engineering Wood Products, Smart Integrated
Housing Complex (SIMPLEX), Zero Carbon

1. Introduction

Indonesia has various industries which are sources of CO2 emissions, including those from
coal-based steam power plants, oil and gas processing installations, steel factories, fertilizer
factories, and cement factories. The total industrial emissions resulting from CO2 emissions
from power plant exhaust and gas processing are estimated to be around 80 million tons per
year, of which 17.5 tons per year are responsible for oil and gas processing. The power
generation sector remains a major contributor to future CO2 emissions in Indonesia. With
the current electrification ratio (64%), the growth in electricity demand in Indonesia is
expected to remain strong in the coming decades to supply electricity especially in remote
areas. Responding to this growing demand, PLN (State Electricity Enterprises Agency)
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issued a Ten-Year Electricity Development Plan to build several power plants which will be
dominated by coal. Thus, coal-fired power plants in the future will continue to be the main
contributor to CO2 emissions in Indonesia. To reduce carbon emissions, it is necessary to
carry out technological innovations that are able to process carbon so that it does not have a
negative impact on the environment.

Recently, new technologies have been explored regarding the use of wood to capture
CO2 from the air, such as membrane adsorption, electrocatalytic reactions, and
photocatalytic. The most potential wood producer is forest. Forests serve as one of the most
important carbon sinks contributing to removing CO2 from the atmosphere [8]. Carbon can
be absorbed and stored in trees through the photosynthetic reaction CO2, which gives forests
an important role in adjusting atmospheric carbon concentrations during the global industrial
age. As a result of uncontrolled illegal logging and excessive consumption of wood and an
increase in the amount of plastic waste which is difficult to decompose naturally, it causes an
increase in CO2 concentrations in the atmosphere which results in global [22]. Therefore,
proper management of the sinks and utilization of forest carbon and wood products can
positively reduce CO2 emissions and the consequent climate change [8].

Wood is a highly porous material with a hierarchical cell wall structure that provides
water transport and mechanical support functions [3]. Natural wood is often subject to
cracking, degradation, aging and dimensional instability, leading to a reduction in its service
life resulting in a return of carbon to the atmosphere. This means that the wood products that
are harvested greatly influence the carbon cycle of the forests that depend on the end use of
the wood. A study in New Zealand [2], showed that a 17% increase in wood used in the built
environment had a direct impact on carbon emissions which were reduced by 20%. These
estimates are based on the use of wood as a substitute for brick, aluminium, and other building
products that require more energy processing than wood. Many attempts have been made to
explore functional wood materials for expanding and enhancing carbon storage and CO2
capture [23]. Until recently, the human population's higher demand for wood products,
incidentally, occurred at a faster rate than the harvesting of trees or timber. The replacement
cycle for the 15-25 year rotation period for a tree or wood resource is longer than its use for
supplying energy, burning, pulping, and papermaking [10]. Therefore, it is necessary to
develop new technologies for carbon capture and fixation of wood products over a longer
period of time.
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Fig 1. The carbon cycle for forests and wood [25]
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Although various scientific studies have summarized the situation in the processing
of functional wood products and their applications, these reviews are less focused on CO2
capture and carbon storage using modified and functional wood. In this review, the authors
review new technologies for wood product development with a focus on enhancing CO2
capture and carbon storage. Timber functionalization strategies for carbon sequestration or
capture will be discussed. New wood nanotechnology is focused on developments in the
design and structural engineering of wood for expanding carbon storage and replacing fossil-
based plastics. In addition, processed wood products or Engineering wood products (EWP),
including compacted and chemically modified wood materials, are also reviewed with an
emphasis on an industrial perspective. The impact of woody biomass on the global economy
and carbon mitigation is explained. A future perspective is proposed to expand CO2 capture
and carbon storage and sustainably use wood products [19]. Motivated by the problems
above, the authors formulated a concept, namely Smart Integrated Housing Complex
(SIMPLEX). The concept of carbon capture technology uses applications from Engineering
wood products that can be used to capture better carbon to utilize natural resources and of
course to support national energy security and the realization of the Sustainable Development
Goal in Indonesia.

2. Literature Review
2.1 CCS and Potential Application in Indonesia

Carbon capture storage, which is often referred to as carbon capture and sequestration,
prevents large amounts of CO2 from being released into the atmosphere. This technology
includes capturing the CO2 produced by large industrial plants, compressing it for transport,
and then carefully loading it into very deep rock formations, where it is permanent storage
[1]. Next, for the trend of fossil fuel consumption and its relation to CO: emissions in
Indonesia. Consumption of fossil fuels is accompanied by increased CO- emissions. In 1990,
CO: emissions were 133.9 MTOE and are predicted to increase in 2050 to 2065.98 MTOE.
On the other hand, the NEP scenario will reduce the share of oil to 25% — 30%. However,
overall fossil fuel consumption increases to 690 MTOE by 2050. Although the NEP scenario
aims to increase the share of renewable energy sources, it will not be sufficient to achieve an
overall reduction of CO2 emissions of 26% by 2020. As a result, CCS must applied as a tool
to significantly reduce CO: emissions, particularly CO2 emissions from the oil and gas,
electricity, and industrial sectors.

Pstockal Duta Futwre Outhook

Estimation of G40 million
tonnes of CO; storage
e logeal

i 1l |
m f |
_ng'ila:.l]..lblli JH

= Cou — pisatonfoulfed P

Moe

FIGURE 1| Past, curment, snd of fowsd tuel BCONING 15 NEP Scanarno)] inchsdng CO, emvason
o 1otad el combustion [sectricity hest. manutac g, transpcrt] and Srojecton of CO, smusann sNer sopteaton of caron ¢ 3ptrs and
orage and CCU

Fig 2. Fossil Fuel Consumption according to the NEP Scenario [16]
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The figure above shows a prediction of how CO: emissions might change if CCS is
implemented in the future. CO. emission predictions will change significantly with an
increase in emission reductions from 6% in 2025 to 37% in 2050 if the CCS application has
been implemented. This estimate is based on assumptions of carbon capture technology that
will be applied to CO: point sources (industrial facilities, factory -electricity, and
manufacturing) and considers CCS capacity and efficiency including the potential for CCS
implementation in Indonesia. Application of CCS not only reduces CO- emissions but also
has the potential to decouple economic growth from CO.. However, development regarding
CCS has not been well developed [24].

According to the research in collaboration with LEMIGAS, revealed that
regulations and legal aspects regarding the operation and management of CCS projects in the
long term must be considered by the Government of Indonesia. The use of CCS technology
in Indonesia only focuses on increasing production in old oil and gas wells which are
scattered in several locations in Indonesia. Thus, the potential for the spread of CCS in
Indonesia is proven to exist, especially in terms of CO: storage related to enhanced oil
recovery. However, to realize this potential, large funds are needed and the government
makes strict regulations for CCS.

2.2 Wood-Based Carbon Capture Storage (CCS) Technology

CO2 capture has a very important role in mitigating CO2 emissions and consequently
slowing down global warming [9]. Various types of technologies have been developed to
capture CO2. In recent years, various types of new technologies have been developed to
modify wood and its cell walls to create new functionalities [6]. Membrane-based technology
allows for the separation of CO2 from other gaseous components present in the exhaust
stream from the combustion process or burned fuel or even air, by taking advantage of the
CO2 concentration gradient between the two membrane-separated phases, and the size
difference between the CO2 molecules and other gas molecules. in the mix [9]. While in the
absorption process, a liquid solvent with a high tendency to dissolve CO2 molecules is used
to capture CO2, and in the adsorption process, usually a solid medium containing
attachment/adhesion sites is used to isolate CO2 from the gaseous medium. Wood and wood-
based products, such as cellulose and carbon-based materials, have been widely used for the
manufacture of various types of membranes and adsorbents for the isolation of various
compounds, including CO2. The most important types of materials with wide application in
the development of new membranes and adsorbent products for capturing CO2 are wood
cellulose nanofibrils and carbon-based materials such as biochar and activated carbon.

Table 1. List of research studies on CO2 capture using various wood-based materials.

Performance
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2.3 Engineering Wood Products

According to the commercial organization Architecture 2030, buildings are responsible for
around 40% of global CO2 emissions. Building operations accounted for 28% of emissions,
while the remaining 11% was related to building materials and construction (embodied
carbon) [11]. Concrete, steel and aluminum are responsible for 23% of global CO2 emissions.
It is estimated that concrete, brick and steel have a larger carbon footprint than wood, and
that 14% of global CO2 emissions could be reduced by increasing the use of wood. These
figures show the great potential for reducing CO2 emissions by using wood in the built
environment. If trees from well-managed forests are harvested, during their use CO2 is
locked in the wood product, acting as a temporary carbon sink until the wood cracks. The
longer wood lasts, the longer CO2 is removed from the atmosphere.

Wood products are often disposed of in landfills, which slowly release methane and
CO2 as they decompose. In some situations, because of the use of metal compounds such as
chromated copper arsenate (CCA) for wood preservation, there are limited options other than
final dumping at the end of their useful life. Currently, however, besides using CCA as far as
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wood life and EWP, there are several options where effective use of biocides or wood
modification techniques can extend wood life and EWP without much adverse environmental
demands [20]. Wood modification techniques can be broadly divided into three categories:
acetylation, thermal modification, and resin addition or polymer modification.

3. Methodology & Data

The research method used is the study of literature and scientific journals. These data and
developments were obtained by means of literature studies in the form of statistical data,
research reports, as well as official web pages of various regional, national, and international
institutions. Then the results of this literature review are synthesized to produce the proposed
SIMPLEX model followed by its advantages and disadvantages as well as various things that
need to be considered in order to optimize the operation of SIMPLEX.

So it can be concluded that the Smart Integrated Clean-energy House (SIMPLEX)
is a smart housingmodel that functions as a carbon capture. SIMPLEX itself is a future
housing concept that is energyindependent and helps carbon reduction which supports
efforts to overcome this global warning problem itself. SIMPLEX has a system based on the
use of Engineering Wood Products. Engineering Wood Products itself isone example of the
application of the use of wood where this modified wood will try to capture CO2 emissionsin
the surrounding environment. Thus, the application of SIMPLEX will later be built in areas
adjacent to thelargest CO2 emitting sources.

4. Discussion

4.1 Smart Integrated Housing Complex

Smart The Smart Integrated Housing Complex (SIMPLEX) is a model of intelligent housing
that serves as a carbon capture. SIMPLEX itself is a concept of future housing that can be
energy self-sufficient and contribute to carbon reduction, supporting efforts to address global
warming. SIMPLEX has a system based on the use of Engineering Wood Material.
Engineering Wood Products are an example of the application of wood, where this modified
wood will attempt to capture CO2 emissions in its surrounding environment. Therefore, the
implementation of SIMPLEX is planned to be built in areas near the largest sources of
CO2emissions. SIMPLEX is composed of a housing complex that includes components such
as Transparent Wood, Transparent Nanopaper, Wind Turbines, Structural Applications,
Waste Water Treatment, and Energy Storage Devices.

TRANSPARENT WOOD
FOR REPLACE GLASS

'SUPER-STRONG WOOD TO
REPLACE STEEL FOR
STRUCTURAL APPLICATION.

WOOD-BASED ENERGY
STORAGE DEVICES

Fig 3. The design of SIMPLEX
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4.2 Component of SIMPLEX

In the concept of Smart Integrated Housing Complex (SIMPLEX), it will function as a carbon
capture at the residential scale. The components that will be integrated into the
implementation of this self-sufficient energy and carbon capture house are as follows:

4.2.1 Wind Turbine

In the concept of the SIMPLEX design, the author requires a wind turbine as one of the
renewable energy sources, so that the housing will align with its construction goal of a clean
carbon environment. For the use of the wind turbine, the author proposes employing the
Giromill Darrieus Vertical Axis Wind Turbine (VAWT). This is because the efficiency of
VAWT is greater than Horizontal Axis Wind Turbine (HAWT). Additionally, economically,
the implementation of VAWT is more cost-effective than HAWT. This is supported by the
smaller dimensions of VAWT compared to HAWT. The following are theoretical
calculations of the power generated by the Giromill Darrieus VAWT:

The area swept by the blades:
Agept = mxr? (1)
With a radius of the blade approximately 1 m, the swept area (Agyep¢) is obtained:
Aspepe = Tx 1x 1 = 3,141592 m? )
Calculation of the actual power generated by the turbine:
Pu = CP X X Agyept X Puidara X V° 3)

Taking the example from the Jakarta area, where the average wind speed is 14 km/h
or equivalent to 3.88889 m/s. The calculation results in the generated power as follows:

P, =04x ix 3.141592 m? x 1.2 kg /m3 x (3.88889 m/s)3 “)

P, = 44.34432 Watt

If both turbines are assumed to operate at full capacity for 24 hours, then the
generated power is as follows:

P, = 44.34432 Watt x 24 hour x 2 (5)
P, = 2128.52736 Wh

4.2.2 Solar PV

Solar energy is one of the promising renewable energy sources that can be applied. Therefore,
the author also includes solar energy as a usable energy source in this SIMPLEX housing.
The author utilizes transparent nanopaper solar photovoltaic (PV) in the application of solar
cells in this setup. This is due to the nanopaper's principle that involves cellulose application.
Cellulose will function to reduce the haze effect on paper and enable light transmission or
transmittance. The more transparent it is, the higher the % transmittance. This means that the
higher the % transmittance, the higher the efficiency of light capture from nanopaper. The
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following is a theoretical calculation of the power generated from transparent nanopaper solar
PV:

If a house requires approximately 4,260 watts of power, then the required power
should be increased by 40% of the power used. Thus, the total power is :

Total Power = House power : (100%-40%) 6)
= 4.260 watt : 60%
= 7100 watt
Therefore, the required solar panels are as follows :
Solar Panels = Total Power : Optimal Time @)
= 7.100 watt : 5 hour
= 1.420 Watt Peak

So, to obtain the desired power, it is necessary to use a 1420 WP solar panel. If using
200 WP solar panels, approximately 8 pieces are needed.

4.2.3 Structure Apllication (Carbon Capture)

In the SIMPLEX concept development plan, some of its components are made of wood,
ranging from the structural elements to every component made of wood. This is because it
supports the primary function of the SIMPLEX development concept. Therefore, wood can
serve its function as carbon capture. In construction, wood is used as the structural
foundation. In this regard, the author proposes using meranti wood. Meranti is one of the
types of wood that exhibits excellent durability as a structural element in a construction
component. A study states that the carbon dioxide absorption potential using meranti plants
in [UPHHK-HA PT. ITCIKU East Kalimantan reaches 0.15-2.77 tons/ha [12].

4.2.4 Transparent Wood

Transparent wood was created through the introduction of a prepolymerized methyl
methacrylate (MMA) solution into a delignified wood template. The mixture was heated in
an oven at 70°C for 4 hours. Initially, pure MMA monomer was prepolymerized at 75°C for
15 minutes using a two-necked round-bottom flask with 0.3 wt % 2,2'-Azobis (2-
methylpropionitrile) (AIBN, Sigma-Aldrich) as an initiator. The prepolymerized MMA was
then cooled to room temperature in an ice—water bath to halt the reaction. Subsequently, the
delignified wood template underwent vacuum infiltration in the prepolymerized MMA
solution for 30 minutes, a process repeated three times to ensure complete infiltration. The
resulting infiltrated wood was enclosed between two glass slides and wrapped in aluminum
foil before undergoing additional polymerization, completed by heating the sample in an
oven at 70°C for 4 hours. Delignified wood primarily comprises holocellulose, consisting of
cellulose and hemicelluloses. The holocellulose volume fraction can be determined using
equations 1 and 2. For simplicity, the term "cellulose" is used in the current context when
referring to holocellulose [21].

4.3 Potential Development Area of SIMPLEX
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The author conducted several analyses on areas with significant potential for CO2 emissions,
taking Jakarta and its surroundings as an example for consideration in supporting the
SIMPLEX (Smart Integrated Housing Complex) concept based on carbon capture storage
and engineering wood products.

Based on BMKG records in June 2022, the current air quality in Jakarta can be
categorized as very unhealthy. This is supported by the PM 2.5 conditions in Jakarta itself.
PM2.5 is one of the air pollutants in the form of particles with very small sizes, not exceeding
2.5 um (micrometers). Due to its tiny size, PM2.5 can easily enter the respiratory system,
causing respiratory infections and long-term lung disorders. Additionally, PM2.5 can
penetrate the bloodstream and be carried throughout the body, leading to cardiovascular
disturbances such as coronary heart disease.

Monitoring results of PM2.5 concentrations at BMKG Kemayoran Jakarta in June
2022 show that the average concentration of PM2.5 is at the level of 41 pg/m3, categorized
as MODERATE. PM2.5 concentration exhibits a diurnal pattern indicating differences
between daytime and nighttime. PM2.5 concentration tends to increase in the early morning
until morning and decrease in the afternoon until evening. Especially in the last few days,
PM2.5 experienced a spike in concentration, reaching the highest level at 148 pg/m3 on June
15, 2022. PM2.5 with this concentration is categorized as UNHEALTHY air quality. The
high concentration of PM2.5, compared to previous days, is also noticeable when the air in
Jakarta appears visibly dense/dark.

On June 16-17, PM2.5 concentrations tend to decrease compared to June 15 when
there was a relatively high concentration. However, there was an increase in PM2.5
concentration on June 18, reaching 147.5 pg/m3. On June 20, 2022, the concentration of
PM2.5 again exceeded 100 pg/m3. It should be noted that the Threshold Limit Value (TLV)
for PM2.5 concentration is 65 pg/m3. Below this value, between 15-65 pg/m3, air pollution
is at a MODERATE level, and concentrations from 0-15 pg/m3 are categorized as GOOD.
Above the TLV, concentrations between 66-150 ng/m3 are categorized as UNHEALTHY,
151-250 pg/m3 as VERY UNHEALTHY, and concentrations exceeding 250 pg/m3 are
categorized as HAZARDOUS

BIQAir Map

Fig 4. Air Quality in Jakarta Based on AQI
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The information above is compiled based on a literature review study. According to
several analyses, the concept of the Smart Integrated Housing Complex (SIMPLEX) based
on carbon capture storage and engineering wood products is quite promising as an effort to
realize a housing system with clean energy sources based on carbon capture methods.
Additionally, a system for the application of Engineering Wood Products is also required to
maximize the carbon capture process.

4.4 Bioeconomic Analysis and Net Zero Emission Targets

The concept of bioeconomy has attracted global attention for many years due to the operation
of the bio-based sector in the transformation from traditional fossil fuel-based towards a
resource efficient and low carbon economy. Although the implementation path is still
ambiguous, there are various initiatives that have prepared framework policies. For example,
the EU has listed bio-based industries as a priority area in the EU action plan. Scholars and
policy makers treat bioeconomic to reduce environmental pressures by exploring the value
of waste and creating associated job opportunities. Figure 5. presents an example of existing
policy plans for selected economies.

Table 2. Economic Policy in several regions [5]

Country/Region | Policy Framework Year Main Sector
Innovating for
European Sustainable? Agriculture and forgstry,.
Union Growth: A Bio- 2012 aquaculture and fisheries, bio-
economy for based industries, food chain
Europe

National Bio-

economy Blueprint; Health, agriculture, and

United States Billion-Ton 2012, 2016 industry
Strategy
Australia Research' and 2013 Primary industry
Innovation
Unlted Research' and 2014, 2016 Agriculture, blognergy,
Kingdom Innovation forestry, marine

Biomass is a renewable resource, in traditional forms such as wood, manure, charcoal, and
modern forms such as biogas, biorefinery and other technologies. It can be burned directly
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for heating or power generation, with growing demand in the industrial sector for decades to
come [15, 18].

Fig 5. Primary bioenergy demand and global power generation. (a) Demand for primary bioenergy in
the 1.5C 2050 scenario; (b) Bioenergy power plants in a net zero emission scenario [18]

Figure 5 shows the most demanded sectors for bioenergy under the target of 1.5
degrees Celsius (Figure 5a), and historical trends of power generation with bioenergy (Figure
5b). Utilization of biomass resources can contribute to reducing GHG emissions from human
activities. The Conference of the Parties to the UN Framework Convention on Climate
Change 2021 (COP26) emphasized the urgency of adaptation to climate change, which
requires a lot of action to secure a global net-zero target by mid-century.

To achieve this goal, participating countries should make concerted efforts to
protect natural habitats, provide financial support between developed and developing
economies, and adopt renewable energy in industrial processes. Renewable energy is
considered a vital source of emission reduction, replacing fossil fuels by burning carbon
compounds. Along with continued policy support, by 2020, renewable energy has accounted
for around 29% of global electricity generation. With increasing demand for woody biomass
and clean technologies (e.g., carbon capture and storage) to achieve net-zero emission targets,
it is important to understand what this brings to our economy. Therefore, the flow sub-chapter
discusses the economic impact of using biomass and wood products on the environment and
the economy.

4.5 Economic and Environmental Impact Analysis of Wood and Biomass
Products

To achieve the emission reduction target in line with the Paris agreement, keeping global
temperature rise below 2 degrees Celsius and ideally 1.5 degrees, each country has set its
own implementation path. Among these policies, electricity and transportation are the main
focus for sectors trying to reduce their emission intensity. On the other hand, using forests as
natural carbon sinks will increase awareness of their ability to absorb CO2 from the
atmosphere. However, when forest owners make wood products through logging or
harvesting, most of the CO2 is released into the air. Deforestation produces almost 20% of
global carbon emissions, while the residue can store carbon for long periods of time. Studies
find that 1% of carbon remains in solid wood products even after 100 years. In addition, the
carbon stored in wood disposed of in landfills is much greater than in long-lived wood
products [17].

The use of biomass and wood products is highly dependent on policy support.
However, it creates not only environmental benefits but also economic benefits. Traditional
Environmental Kuznets Curve Theory exhibits a positive relationship between income and
pollution in early development, whereas nexus may turn negative at some point when the
economy promotes clean technologies to address environmental concerns. Several studies
have confirmed this theory. For example, Wang in 2019 points out the importance of creating
biomass energy opportunities to ensure sustainable economic growth for BRICS countries
(Brazil, Russia, India, China, and South Africa). The authors used a harmonized approach to
evaluate carbon capture and biomass use across five energy-intensive industries, and they
found that adding biomass helped reduce carbon emissions by a significant amount. In

11
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addition, CO2 avoidance costs can be achieved under €100/ton CO2 in the range of €40—
79/ton CO2.

Tree planting can capture carbon, but engineered wood is also treated as an effective
tool for CO2 reduction. The reason is that the use of wood products can: (1) reduce wood-
based building production inputs; (2) carbon storage from wood products; and (3) restoration
of built-in solar energy that can replace fossil fuel energy at the end of the life of wood
products [14]. These benefits are a key driver for achieving the bioeconomic vision, which
aims to harness biomass energy and increase resource efficiency. In addition to the
environmental functions of trees, modified wood produced by biotechnology also creates
market value, especially for countries with a vital wood modification industry. These
countries (e.g. the Netherlands and Norway) are pursuing a bioeconomy of increasing
efficiency and maximizing the value of raw materials, where one important factor towards
this goal is the unit cost of resource efficiency. Technological advances can improve the
quality of wood products, but more importantly, reduce production costs for
commercialization. For example, applying herbicide resistance genes to plantation
development could save nearly $1 billion annually [13].

One recent study has confirmed the possibility of substituting less carbon-intensive
wood for products produced using fossil fuels in the construction sector under United States
emission limits [25]. According to their findings, the carbon intensity of wood is about 20%
lower than that of manufactured metal products, 50% iron and steel, and 25% cement.
Substituting engineered wood for other emission-intensive inputs results in an increase in
demand for forestry and timber production by 0.3% and 0.6%, respectively, by 2030, as well
as a decrease in primary energy use by 22.4% (2018.8 Mtoe), compared to the baseline where
there are no substitution constraints and emissions occur. Furthermore, [4] used life cycle
assessment to evaluate the impact of recycled wood waste used in the building sector. In fact,
the increase in wood products led to a radical reduction in greenhouse gas emissions.

5. Conclusion

CCS is a way to prevent CO: emissions in large quantities from being released into the
atmosphere resulting from various industries, especially the oil and gas industry. Research
and development of CCS in Indonesia is still in a very premature stage and must be properly
developed so that within the framework of implementing CCS it can be more efficient to
support domestic sustainable energy production. One of the suggested CCS technologies is
the use of wood in carbon capture efforts. Several new technologies focused on modifying
and functionalizing wood cell walls and lumens targeting extended carbon storage and CO2
capture have been reviewed.

Wood modification technology has achieved cost-effective commercialization. This
technology is applied to overcome several drawbacks (eg high water sensitivity, low
dimensional stability, pond resistance to fungi, and UV light degradation) of wood products
aimed at increasing their durability. Proper modification of wood or treatment of wood and
wood products can significantly increase the life of wood, locking in carbon for a long time.
Furthermore, the use of environmentally friendly biocides or modification techniques can
have minimal negative impacts at the end of life stages, and wood and wood products can be
recycled into other materials increasing their sustainability and circular bioeconomic
potential. High-volume demand for high-performance wood products will drive the
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development of sophisticated methods for improving the quality wood and modified wood
product markets. Despite the development of new technologies, the assessment of the life
cycle of wood and functional wood products, treated as a source of woody biomass, will yield
environmental and economic benefits. Compared to other engineered materials, such as steel,
concrete, brick and alloys, the development of sustainable wood products must reduce energy
demand and CO2 emissions. We need to consider power consumption, carbon economy,
environmental impact, material recycling and end-of-life management when developing and
using construction materials. Moreover, by implementing energy efficiency improvements
and driving innovation in technology, carbon emissions can be largely offset, and potential
employment opportunities will become available, further benefiting the entire economy in
the long run. Global carbon emission policies in terms of CO2 capture and storage of carbon
from the use of wood products should be a focus for future development, although this is not
within the scope of the current review.

Therefore, to support the implementation of the SIMPLEX development plan, the
government still needs to consider a number of things first, mainly related to the negative
impacts of SIMPLEX technology and the regulations that cover implementation. It is
intended that in the application of SIMPLEX technology, unwanted negative impacts will
not arise. Among the negative impacts of SIMPLEX technology is the potential for leaks
which can contaminate water and have a negative impact on air quality. Furthermore, it is
necessary to think about regulations that are conducive to the application of SIMPLEX
technology in line with regulations related to settlements and regional spatial planning that
already existed.
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