Pre prints.org

Article Not peer-reviewed version

The Impact of CO2 Emissions in
Indonesia’'s Construction Industry: A
Human Development Perspective

Manotar Tampubolon :

Posted Date: 22 January 2025
doi: 10.20944/preprints202501.1668.v1

Keywords: CO2 emissions; construction industry; Indonesia; human development; sustainability

Preprints.org is a free multidisciplinary platform providing preprint service
K that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
[=]: Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1075854

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2025 d0i:10.20944/preprints202501.1668.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Impact of CO2 Emissions in Indonesia's
Construction Industry: A Human Development
Perspective

Manotar Tampubolon

Universiti Teknologi MARA, Malaysia; justitie234@gmail.com

Abstract: The construction industry in Indonesia plays a crucial role in the country's economic
growth, but it is also one of the top contributors to CO2 emissions, raising important concerns about
its effects on environmental sustainability and human development. This study explores the
relationship between the carbon footprint of the construction sector and its effects on Indonesia’s
human development indicators, including health, education, and income. By employing a mixed-
methods approach that combines an analysis of CO2 emission data from major construction activities
with a review of government policies and frameworks, this research identifies trends and assesses
mitigation strategies. The findings indicate that the construction sector is responsible for a significant
portion of national greenhouse gas emissions, primarily due to energy-intensive processes and a slow
uptake of green technologies. However, the evidence suggests that strategic interventions, such as
encouraging green construction practices and implementing regulatory measures, can effectively
reduce emissions while also providing socioeconomic benefits. The study concludes that it is essential
to incorporate sustainable practices within the construction industry to align environmental
objectives with human development goals. These insights provide practical recommendations for
policymakers and stakeholders to achieve a balance between growth and sustainability.
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1. Introduction

The construction industry plays a vital role in Indonesia’s rapid urbanization and economic
growth, contributing around 10% to the country’s GDP in recent years (1). However, it is also a major
source of global CO2 emissions, which presents challenges for environmental sustainability and
human development. The link between construction activities and carbon emissions in Indonesia is
particularly urgent, given the country’s dependence on energy-intensive processes and materials like
cement and steel, along with ongoing infrastructure development to accommodate a growing
population (2). The environmental consequences of these activities intersect with essential aspects of
human development, such as health, housing, and economic opportunities, creating a complex issue
that demands immediate attention.

The need to tackle CO2 emissions in Indonesia’s construction sector arises from its dual role as
a catalyst for socio-economic progress and an environmental burden. As Indonesia works to fulfill its
commitments under the Paris Agreement, which includes a target of reducing greenhouse gas (GHG)
emissions by 29% by 2030 (3), the impact of the construction industry has become a key focus for
policymakers and researchers. Studies have shown that this sector disproportionately contributes to
total emissions, with estimates suggesting that construction-related activities account for over 30% of
Indonesia’s CO2 emissions (4). This underscores the urgent need to investigate innovative strategies
for decarbonizing the industry while still advancing human development objectives.

Research highlights the challenges of finding a balance between environmental sustainability
and development. Studies show that adopting green building practices and low-carbon technologies,
like energy-efficient designs and sustainable materials, is possible (5). However, obstacles such as
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high costs, a lack of technical expertise, and weak regulatory enforcement still pose significant issues
(6). The differing viewpoints within the field add to the complexity of the discussion. Some
researchers focus on the potential of technological innovation to revolutionize the industry, while
others stress the need for systemic changes in governance and collaboration among stakeholders to
achieve sustainable progress (7, 8). Debates also continue over the trade-offs between economic
growth and environmental protection. Critics of strict emission-reduction policies argue that these
could impede Indonesia’s development, especially in areas where construction is vital for job creation
and infrastructure (9).

On the other hand, advocates for strong climate action warn that neglecting to reduce CO2
emissions will worsen climate vulnerabilities, disproportionately impacting marginalized
communities and hindering long-term human development (10,11). This study aims to reconcile
these discussions by exploring the relationship between CO2 emissions in the construction sector and
human development in Indonesia. By utilizing data-driven insights and examining both the
challenges and opportunities, the research intends to enhance understanding of how sustainable
construction practices can align with national development goals. Ultimately, this work seeks to
guide policies that harmonize environmental sustainability with socio-economic growth, promoting
a resilient and equitable future for Indonesia.

1.1. Human Development and C02 Emissions in Indonesia

The construction sector in Indonesia plays a significant role in CO2 emissions, largely due to the
heavy reliance on cement, steel, and other materials that require energy-intensive production
methods. The International Energy Agency (12) reports that the cement industry alone is responsible
for about 7% of global CO2 emissions, with Indonesia being a key player in Southeast Asia. Fossil
fuels primarily meet the energy needs of construction activities, which further increases greenhouse
gas emissions. This situation has serious implications for public health, as research (13) indicates that
air pollution, including CO2 and particulate matter, is associated with respiratory and cardiovascular
diseases, potentially leading to a decrease in life expectancy.

Additionally, the connection between emissions from construction and education reveals
indirect yet significant effects. High pollution levels have been linked to cognitive decline and poorer
educational outcomes, especially in children. A study by An et al. (14) found that long-term exposure
to polluted environments can hinder cognitive development, which in turn affects the effectiveness
of education systems. Indonesia’s urban areas, where construction activity is most intense, are
particularly susceptible to these issues. While developing educational infrastructure is essential, its
advantages may be compromised by the negative environmental impacts of the construction
processes involved.

Income levels significantly influence this relationship. On one hand, construction activities
stimulate economic growth by generating jobs and enhancing infrastructure, which can boost income
levels and improve overall quality of life. Conversely, the environmental damage resulting from
these activities can incur long-term economic costs. For example, health issues related to pollution
can lead to increased healthcare expenses and decreased workforce productivity, as highlighted by
Syuhada et al. (15). In Indonesia, the tension between immediate economic benefits and long-term
environmental repercussions presents a major challenge for policymakers striving for sustainable
development.

To tackle this challenge, it is essential to emphasize green construction practices and incorporate
sustainability metrics into urban planning. Approaches such as implementing energy-efficient
technologies, harnessing renewable energy sources, and enforcing stricter environmental regulations
can help alleviate the negative impacts of construction activities. For instance, using recycled
materials in construction has been proven to significantly lower CO2 emissions (16). The Indonesian
government has launched various initiatives to encourage green building practices, but their
execution has been inconsistent, underscoring the necessity for stronger enforcement and increased
public awareness campaigns.
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Table 1: Relationship between Human Development and CO2 Emissions in Indonesia.

Investments in renewable energy infrastructure can provide a twofold benefit. By decreasing
reliance on fossil fuels, Indonesia can cut down on CO2 emissions while also generating job
opportunities and promoting economic growth within the renewable energy sector. Research (17) has
shown that renewable energy projects typically offer better long-term returns than traditional energy
investments. In Indonesia's case, these investments could harmonize economic progress with
environmental protection, improving societal indicators such as life expectancy, education, and
income. Incorporating social equity into sustainability initiatives is also crucial. It is essential to
prioritize communities that are disproportionately impacted by pollution from construction, often
low-income and marginalized groups, in policy decisions. This means ensuring they have access to
healthcare, clean air, and educational opportunities. A study by van Nierek (18) suggests that fair
distribution of resources can enhance the positive effects of environmental and economic policies,
leading to inclusive growth and better societal outcomes.

The interplay between construction activities, CO2 emissions, and societal metrics is further
shaped by global trends and international collaboration. Indonesia’s commitment to the Paris
Agreement highlights the need to align national policies with worldwide climate objectives. Working
together with international organizations and neighboring nations can help facilitate the sharing of
green technologies and best practices. For example, partnerships with countries like Japan and
Germany have already led to the implementation of advanced construction technologies that lower
emissions (19,20). Such collaborations can strengthen Indonesia’s ability to tackle the environmental
challenges that come with its rapid development.

The complex relationship between construction activities, CO2 emissions, and social indicators
in Indonesia highlights the importance of a comprehensive approach to sustainable development. By
focusing on green construction methods, investing in renewable energy, promoting social equity, and
fostering international collaboration, Indonesia can reduce the negative impacts of urbanization
while improving life expectancy, education, and income levels. This all-encompassing strategy not
only tackles pressing environmental issues but also establishes a groundwork for enduring societal
health and economic success.

1.2. Material Production and Its Environmental Impact

Material production is one of the most carbon-intensive phases of construction, with cement and
steel leading the way in this environmental issue. Cement production is responsible for about 8% of
global CO2 emissions, and Indonesia’s construction sector mirrors this trend (21). The calcination
process, a crucial part of cement manufacturing, releases large amounts of CO2, which contributes to
global warming. Likewise, steel production depends on energy-intensive blast furnaces that burn
fossil fuels, emitting greenhouse gases (22). These emissions are further exacerbated by the extraction
of raw materials like sand and gravel, which involves diesel-powered machinery (23). Given these
facts, the need to shift towards sustainable practices is clear. Advocates suggest using recycled
materials, low-carbon alternatives, and innovative technologies to lessen environmental impacts.
These strategies align with global objectives for reducing emissions and fostering a more sustainable
future.

Addressing the carbon intensity of material production presents significant economic
opportunities. Indonesia, similar to many other countries, has the chance to take the lead in
developing and adopting low-carbon alternatives like geopolymer cement or recycled aggregates
[24]. These materials not only help in reducing emissions but can also improve resource efficiency
and lower production costs over time. Additionally, shifting to renewable energy sources in material
manufacturing—such as utilizing electric arc furnaces for steel production—can greatly reduce
reliance on fossil fuels while promoting a green economy. The increasing global demand for
sustainable construction practices could further boost Indonesia's competitiveness in the
international market. By focusing on innovation and investing in sustainable technologies, the


https://doi.org/10.20944/preprints202501.1668.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2025 d0i:10.20944/preprints202501.1668.v1

4 of 17

construction sector can minimize its environmental impact and stimulate economic growth through
the creation of green jobs and export opportunities.

Transitioning to low-carbon materials holds great promise, but it faces significant challenges,
especially in developing economies like Indonesia. One of the primary hurdles is the cost associated
with adopting new technologies and materials. Low-carbon options, such as geopolymer cement,
often necessitate specialized production processes and raw materials that may not be easily accessible
or affordable for all manufacturers [25]. Moreover, retrofitting existing facilities to integrate these
innovations requires substantial financial investment, which many companies may find daunting.
Another challenge is the absence of standardized regulations or certification systems to guarantee the
quality and performance of new materials, making them less appealing to developers who are
cautious about risks. The logistical difficulties of sourcing recycled materials and managing supply
chains further complicate the widespread implementation of sustainable practices. As a result, critics
argue that these obstacles impede the feasibility of immediate and large-scale transitions within the
construction industry.

Cultural and institutional factors also significantly contribute to the resistance to change in the
construction sector. Traditional building materials like cement, steel, and bricks are deeply rooted in
construction practices due to their proven reliability, availability, and cost-effectiveness [26]. Many
construction companies and stakeholders may not be aware of or willing to consider alternative
materials, often viewing them as untested or inferior. Additionally, Indonesia's regulatory
framework for the construction industry still favors conventional methods, offering little incentive
for innovation. Policies that promote sustainable practices are frequently poorly enforced or
underdeveloped, limiting their effectiveness. The combination of resistance from industry
professionals and inadequate government support creates a challenging environment for advancing
low-carbon materials, even when their environmental advantages are clear.

1.3. Transportation Emissions in the Supply Chain

Reducing CO2 emissions from transportation is crucial for achieving sustainability in the
construction industry. Institute for Essential Services Reform (IESR) (28) reports that logistics
activities, including the transportation of construction materials, contribute to about 15% of the
country's CO2 emissions. This figure underscores the significant impact of transportation on
greenhouse gas emissions. Supporters emphasize the need for immediate measures to reduce these
emissions to fulfill Indonesia’s commitments under the Paris Agreement. By utilizing electric or
alternative-fuel vehicles, the construction sector could greatly decrease its carbon footprint (29).

Another important benefit of localized supply chains is their potential to cut emissions. The long-
distance transportation required for importing materials like steel and timber increases the carbon
footprint. For example, importing construction materials often leads to higher emissions due to the
maritime and road transport involved (30). Shifting to local procurement not only helps lower
emissions but also supports local economic development. Proponents argue that this change would
align with Indonesia's broader objectives of reducing reliance on imported materials while boosting
domestic industries.

Those against strict measures to cut CO2 emissions from transportation in the construction
industry contend that these efforts pose significant economic and logistical hurdles. The shift to
electric or alternative-fuel vehicles demands a considerable initial investment. In Indonesia, the
existing infrastructure for electric vehicles (EVs), including charging stations, is still lacking,
especially in rural and remote regions where many construction projects take place (31). As a result,
many contractors find that sticking with traditional diesel-powered trucks is the most feasible and
cost-effective choice. Moreover, moving towards localized supply chains could compromise the
quality and cost of materials. Imported materials, particularly steel and timber, are often favored for
their higher quality and better pricing compared to locally sourced options (32). Mandating local
procurement might drive up project expenses, which could ultimately be passed on to consumers.
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Detractors warn that focusing on reducing transportation emissions could unintentionally hinder
construction progress, impacting the overall growth of the industry.

Supporters of emission reduction highlight the importance of technological advancements and
supportive policies in addressing these issues. The use of renewable energy-powered transportation
options, like solar or hydrogen-fueled trucks, has demonstrated potential in various pilot projects
around the world (33). With the right government incentives and subsidies, these technologies could
become more widely available in Indonesia. For example, offering tax breaks or subsidies for the
purchase of electric trucks could motivate construction companies to shift towards greener
alternatives. Additionally, utilizing digital technologies for optimizing supply chains can help reduce
unnecessary transportation and emissions. Tools like real-time tracking and route optimization
software enable more efficient transportation resource use, leading to lower fuel consumption and
reduced emissions (34). Proponents believe that combining innovative technologies with well-
designed policies could make emission reduction efforts both practical and economically viable for
the construction industry.

Despite advancements in technology, some skeptics believe that the adoption of these measures
in Indonesia is still quite limited. The country's scattered geography and dependence on road
transportation present logistical challenges that technology alone cannot easily overcome. For
instance, areas in Eastern Indonesia often lack the necessary infrastructure to support alternative
transportation systems (35). This gap in infrastructure complicates the large-scale implementation of
electric or hydrogen-fueled trucks. Additionally, critics argue that the construction sector is grappling
with more immediate issues, such as ensuring projects are completed on time and managing costs
effectively. Focusing on green transportation initiatives could potentially distract from these critical
priorities. They propose a more balanced approach that gradually incorporates emission reduction
strategies while still relying on traditional practices, allowing the sector to sustain its productivity
during the transition to more sustainable methods.

1.4. On-Site Operations and Their Carbon Footprint

On-site construction activities play a major role in carbon dioxide (COZ2) emissions, particularly
in Indonesia, where there is a heavy dependence on diesel-powered machinery like excavators,
cranes, and generators (36). These operations also release particulate matter, which negatively
impacts air quality and public health. Temporary facilities, such as accommodations for workers,
often rely on non-renewable energy sources, further worsening the situation. Critics contend that
these emissions are an inevitable part of the construction industry, driven by economic needs and
infrastructure demands (37). Nevertheless, advancements in renewable energy technologies and
better energy management present potential solutions. Supporters of these initiatives argue that
sustainable practices can coexist with industry growth without sacrificing environmental objectives.

Proponents of traditional construction methods emphasize the economic advantages and
practicality of diesel-powered machinery. Diesel engines deliver high power output, are cost-
effective, and are readily available, making them essential for large-scale projects in developing
nations like Indonesia. Shifting to renewable energy-powered equipment necessitates substantial
initial investment and training, which can lead to delays and increased project costs. Critics also point
out the current limitations of green technologies, such as inadequate battery capacity for electric
machinery and the absence of widespread charging infrastructure (38). These challenges reinforce
the reliance on conventional equipment as the most feasible choice for timely project completion.

Electrifying construction equipment and optimizing energy usage can greatly lower the
industry's carbon footprint while improving public health by reducing particulate matter emissions.
Research shows that machinery powered by renewable energy and efficient scheduling could cut
energy consumption by as much as 30%, aiding both national and global climate objectives (39).
Additionally, government incentives and international collaboration could ease the financial strain
of moving towards greener options, facilitating a gradual yet significant transformation in industry
practices.
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The integration of renewable energy in construction aligns with Indonesia's commitment to the
Paris Agreement, which aims for a 29% reduction in emissions by 2030 (40). Policies that encourage
renewable technologies in construction could open up new market opportunities, fostering
innovation and job creation. However, implementing these solutions necessitates systemic changes,
including upgrading energy grids and revising industry standards, which may take years to
accomplish. Without proactive government policies and collaboration within the industry, reaching
these objectives could remain a challenge.

Finding a balance between environmental sustainability and economic viability is a significant
challenge for the construction industry in Indonesia. Although some critics point out the limitations
and expenses tied to implementing greener practices, the pressing reality of climate change demands
that we take action. By fostering collaboration among stakeholders—such as policymakers,
construction companies, and energy suppliers—we can promote a shift towards more sustainable
practices while still supporting industry growth. Thus, tackling emissions from on-site construction
requires a thoughtful strategy that combines immediate practicality with long-term sustainability
objectives.

2. Case Studies Highlighting Emissions in Specific Projects

The case studies from Indonesia’s construction sector underscore the urgent need to tackle
carbon dioxide (CO2) emissions in a thorough manner. Proponents of sustainable practices argue that
embracing green building standards and energy-efficient technologies can lead to a significant
reduction in emissions. The Jakarta-Bandung high-speed rail project serves as a prime example of
how emissions from material production and on-site diesel generators can be lessened through
greener alternatives, such as renewable energy sources and low-carbon materials (41).

Furthermore, similar insights from Surabaya highlight the impact of transportation on
emissions. Previous study claims that by prioritizing local sourcing and streamlining supply chains,
transportation-related emissions could be greatly reduced, providing the added benefits of
environmental protection and cost efficiency (42). On the other hand, transitioning to renewable
energy and low-carbon materials often demands considerable investment, which can put a strain on
project budgets, especially in developing nations like Indonesia (43). Moreover, the fragmented
structure of the construction industry complicates uniform implementation, as smaller contractors
may not have the resources to adopt sustainable practices. This inequality could create an uneven
playing field, putting smaller businesses at a disadvantage and potentially hindering overall progress
in the industry (44).

One argument in favor of sustainable practices in construction highlights the long-term
economic advantages. Research has shown that energy-efficient buildings lead to lower operational
costs, making them financially sustainable over time (45). In Indonesia, urban development projects
that embrace green standards could significantly cut energy use in both residential and commercial
areas, resulting in considerable cost savings. Additionally, implementing energy-efficient
technologies can improve public health by reducing pollution and creating healthier urban spaces
(46). Advocates believe these advantages outweigh the initial implementation costs, making a strong
case for government incentives to encourage green practices. On the other hand, critics warn against
relying too heavily on green technologies without tackling underlying issues, such as regulatory
shortcomings and enforcement difficulties. For example, although there are policies in place to
support sustainable construction, ineffective implementation and oversight often limit their success
Detractors argue that without strong governance, even well-meaning initiatives may not achieve
significant environmental benefits.

3. Policy and Regulatory Frameworks Addressing Emissions

Indonesia's efforts to cut CO2 emissions in the construction sector show promising steps toward
sustainability, yet the results are still debated. Claim that the Nationally Determined Contributions
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(NDC) under the Paris Agreement highlight Indonesia's dedication to global climate objectives,
targeting a notable 29% reduction in emissions by 2030 through domestic initiatives, and up to 41%
with international assistance (47). The rollout of the Green Building Code in city like Jakarta has made
strides in urban sustainability by establishing standards for energy efficiency and promoting the use
of environmentally friendly materials (48). These policies are in line with global trends and present
economic opportunities in the green construction sector, including new markets for sustainable
technologies and materials. Furthermore, they contribute to building a culture of environmental
awareness among developers and the public, leading to long-term societal benefits.

On the other hand, the success of these initiatives is hampered by weak enforcement and
inadequate incentives for compliance (49). Regulatory frameworks are often applied inconsistently
across different regions, leading to gaps in implementation. For example, smaller cities and rural
areas may lack the necessary resources and expertise to effectively enforce building codes, which
limits the overall impact on a national level (51). Additionally, the financial burden of implementing
sustainable practices and technologies tends to fall heavily on smaller developers, who may find it
challenging to manage the costs without significant government support or subsidies. This raises
concerns about the fairness of these measures and their accessibility for all stakeholders.

Enhancing these policies could bring about significant environmental and economic advantages.
Financial incentives, like tax breaks or grants for eco-friendly construction projects, could promote
wider adoption of sustainable practices (51). International partnerships, as outlined in the NDC,
could also be crucial by supplying the necessary funding and technical know-how for large-scale
implementation. Success stories from other countries indicate that investing in green technologies
not only cuts emissions but also boosts competitiveness in the global construction market. Therefore,
with appropriate policy changes and increased financial backing, Indonesia could set a benchmark
for sustainable construction practices in the region.

3.1. Opportunities for Reducing Co2 Emissions

Emerging technologies and innovative practices offer both opportunities and challenges for
reducing CO2 emissions in Indonesia’s construction sector. For instance, the use of alternative
materials like geopolymer concrete, which has a significantly lower carbon footprint than traditional
cement, shows great promise (52). Additionally, Building Information Modeling (BIM) enhances
resource efficiency, minimizes waste, and indirectly lowers emissions (53). The integration of
renewable energy sources, such as solar panels for temporary power on construction sites, can also
aid in reducing emissions during the building process (54). Implementing a circular economy
approach by reusing construction waste helps to decrease emissions associated with material
production (55).

On the other hand, these innovations encounter several challenges. The high costs associated
with implementing advanced materials like geopolymer concrete and BIM systems hinder
widespread adoption, particularly among small to medium-sized construction firms (56). Moreover,
the shortage of skilled labor and technical expertise necessary for effectively utilizing these
technologies poses a significant obstacle (57). Renewable energy sources, such as solar panels,
demand substantial upfront investments and may not be practical for all construction sites due to
varying energy needs or limited infrastructure.

Additionally, moving towards a circular economy necessitates considerable changes in industry
practices and regulatory frameworks, which can be time-consuming and often face resistance (58).
These challenges underscore the complexity of achieving sustainability objectives in the construction
sector. Finding a balance between the potential of emerging technologies and the practical challenges
they present requires a strategic approach. Incentives like tax breaks, subsidies, and government-led
training programs can promote the wider adoption of sustainable practices (59). While the
opportunity to reduce CO2 emissions is evident, it is essential to tackle financial, technical, and
regulatory barriers to ensure that Indonesia's construction sector can transition effectively towards
sustainability without sacrificing development goals.
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3.2. Co2 Emission Impact on Human

Urban and rural areas show notable differences in the types and levels of emissions they
produce, which in turn affect public health, quality of life, and environmental conditions. In urban
environments, emissions mainly arise from industrial activities, vehicle trafficc and energy
production. These sources release harmful pollutants like nitrogen oxides (NOx), sulfur dioxide
(502), carbon monoxide (CO), and particulate matter (PM2.5 and PM10), all of which are closely
associated with respiratory and cardiovascular diseases. Research has shown that long-term
exposure to elevated air pollution levels in urban areas leads to higher rates of asthma, bronchitis,
and lung cancer among residents (60). Moreover, urban residents often face a diminished quality of
life due to the combined effects of noise pollution, traffic congestion, and worsening air quality (61).
On the other hand, rural areas deal with emissions from agricultural activities and biomass burning,
leading to different but equally serious health consequences. The release of ammonia (NH3) from
fertilizers and methane (CH4) from livestock farming are significant factors in environmental
degradation and climate change (62).

The relationship between emissions and environmental conditions in both urban and rural areas
goes beyond just health effects; it also plays a crucial role in maintaining ecological balance. Urban
emissions lead to the heat island effect, causing cities to be warmer than their rural counterparts. This
situation increases energy use for cooling and heightens the risk of heat-related illnesses, particularly
during heatwaves (63). Furthermore, pollutants like heavy metals and acid rain can harm soil and
water quality in nearby ecosystems, negatively affecting biodiversity and agricultural output (64). In
rural areas, emissions from deforestation and changes in land use result in habitat destruction and a
reduced ability to sequester carbon (65). The indirect consequences of these emissions include shifts
in weather patterns and a greater susceptibility to natural disasters, which disproportionately affect
communities reliant on agriculture (66). The overall impact of these environmental changes
highlights the critical need for effective mitigation strategies that can reconcile development with
ecological sustainability.

Public health disparities linked to emissions underscore the urgent need to tackle the
socioeconomic aspects of pollution. Residents in urban areas, especially those from low-income
neighborhoods, face a greater risk of exposure to high levels of pollutants due to their closeness to
industrial sites and major roadways (67). This situation worsens existing health inequalities, resulting
in increased hospitalization rates and reduced life expectancy for at-risk populations. In rural regions,
the lack of access to healthcare services intensifies the health effects of emissions from farming
practices and biomass burning (68). Additionally, the indirect consequences, such as diminished crop
yields and food insecurity caused by soil and water pollution, further burden public health systems
in these areas (69). To effectively address these disparities, it is essential to implement comprehensive
policies that combine public health efforts with strategies for reducing emissions, ensuring fair
outcomes for all communities. Below is Table 2, which summarizes the various stages and factors
that contribute to CO2 emissions in Indonesia’s construction sector.

Table 2: Overview of the various stages and factors contributing to CO2 emissions in Indonesia’s
construction sector

4. Sustainable Materials and Circular Economy in Construction

The construction sector in Indonesia plays a significant role in emissions, largely due to the
reliance on unsustainable materials and inefficient building practices. For instance, cement
production is a major contributor to carbon dioxide emissions, responsible for about 7% of global
emissions (70). Acknowledging this challenge, the Indonesian government is actively seeking ways
to lower emissions in construction by encouraging the use of alternative materials and methods.

One effective approach is the adoption of sustainable materials like bamboo, which is plentiful
in Indonesia and has a smaller carbon footprint compared to traditional materials such as concrete
and steel (71). Bamboo can serve various purposes, including structural components, flooring, and
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insulation, offering an environmentally friendly substitute for conventional materials. Additionally,
the innovation of “green concrete,” which utilizes industrial byproducts like fly ash or slag, has the
potential to significantly decrease the carbon intensity of construction activities in Indonesia. While
several local companies are already testing these materials, broader implementation will require
enhanced policy support, education, and investment in research and development.

Embracing a circular economy in construction could further help in reducing emissions by
encouraging the reuse and recycling of building materials. By adopting practices like deconstructing
buildings instead of demolishing them, valuable materials can be salvaged and repurposed for new
projects, thus decreasing the demand for new materials and minimizing waste (72). The Indonesian
government could motivate construction firms to embrace circular economy principles by offering
tax incentives, subsidies for recycling initiatives, and fostering public-private partnerships to expand
these practices.

5. Energy-Efficient Construction Methods and Retrofitting Existing Buildings

Energy-efficient construction methods are essential for lowering emissions, especially in the
residential and commercial sectors. Indonesia's rapid urban growth has resulted in a notable rise in
building stock, much of which lacks energy efficiency. Upgrading existing buildings to align with
modern energy efficiency standards is a practical approach to reduce emissions without the need for
new construction. This retrofitting process includes enhancing insulation, installing energy-efficient
windows and doors, and utilizing smart building technologies to optimize energy use (73). These
actions can significantly decrease energy demand and emissions over time. Encouraging energy-
efficient construction practices is vital for speeding up the adoption of these methods. The
government could implement stricter building codes and standards that mandate energy-efficient
designs for new constructions and provide financial incentives for retrofitting older buildings.

Additionally, offering training programs for architects, engineers, and construction workers on
the advantages and application of energy-efficient technologies can promote industry-wide
transformation. Partnering with international organizations, particularly in green building
technologies, can further enhance Indonesia's initiatives in advancing energy-efficient construction
practices. A transition towards green building certification programs like LEED (Leadership in
Energy and Environmental Design) could also motivate the private sector to invest in energy-efficient
construction. The government might consider offering incentives such as tax reductions for buildings
that achieve high sustainability ratings, thereby creating a market-driven demand for green
buildings.

6. Effects of CO2 Emissions on the Human Development Index (HDI) in
Indonesia

The increasing levels of CO, emissions in Indonesia have serious consequences for the Human
Development Index (HDI), which assesses health, education, and living standards. Elevated carbon
emissions lead to environmental harm, worsening air pollution, deforestation, and climate change.
These environmental issues disproportionately impact vulnerable communities, harming public
health through respiratory diseases and raising the incidence of vector-borne illnesses. Such health
problems put pressure on the healthcare system, resulting in lower life expectancy, a key factor in
HDI. Additionally, climate-related disasters like floods and droughts disrupt educational systems by
damaging infrastructure and displacing families, which reduces school attendance and overall
educational success.

The economic effects of CO, emissions also impede progress in HDI. Environmental degradation
reduces agricultural output and fisheries, which are vital for livelihoods and food security in
Indonesia. This economic uncertainty worsens poverty and restricts access to essential resources,
such as clean water and electricity, which are crucial for improving living standards. The
government's need to allocate resources to tackle the environmental and health crises stemming from
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emissions diverts funding from education and social programs, hindering overall development. To
counter these effects, Indonesia needs to shift towards sustainable energy sources and implement
stricter environmental regulations. By proactively addressing CO, emissions, the country can
improve environmental quality, protect public health, and foster equitable development, ultimately
leading to a higher HDI. The various impacts of CO2 emissions from industry on the Human
Development Index in Indonesia are presented in Table 3.

Table 3: The possible impacts of CO, emissions on the Human Development Index (HDI) in
Indonesia.

6.1 Environmental and Health Implications

The construction industry plays a major role in CO2 emissions, both worldwide and in
Indonesia. The creation of materials like cement and steel, along with the energy-heavy nature of
construction work, positions this sector as a key contributor to greenhouse gas emissions. In
Indonesia, the rapid pace of urbanization and infrastructure growth has intensified these emissions,
especially in major cities like Jakarta and Surabaya. The effects on human development are complex,
starting with health concerns. Elevated levels of CO2 and related air pollutants, such as particulate
matter (PM2.5), lead to respiratory illnesses, heart problems, and shorter life spans. Long-term
exposure to air pollution lowers quality of life and worsens health disparities in at-risk communities
[74]. These health issues hinder the development of human capital, affecting the productivity and
well-being of Indonesia’s workforce.

6.2. Economic Consequences and Inequalities

The economic costs associated with CO2 emissions in the construction sector are significant,
impacting human development indicators like income levels and poverty rates. Countries with high
CO2 emissions face greater economic challenges due to health-related expenses, reduced labor
productivity, and costs for climate adaptation [75]. In Indonesia, the construction sector's role in CO2
emissions particularly affects low-income communities, who often live near industrial areas and
construction sites. This spatial inequality worsens socio-economic gaps, as these populations suffer
from environmental damage without benefiting from urban growth. For example, marginalized
communities on the outskirts of cities experience higher rates of pollution-related health issues and
have less access to healthcare services [76]. These inequalities impede the country's efforts to achieve
fair human development, as reflected in measures like education, health, and living standards.

6.3. Policy and Regulatory Frameworks

Addressing the impact of CO2 emissions from the construction industry requires strong policy
interventions and regulatory frameworks. Indonesia has made notable progress in this area,
including its commitment to the Paris Agreement and the establishment of Nationally Determined
Contributions (NDCs). The government aims to cut greenhouse gas emissions by 29% by 2030, or
41% with international support (77). Specific policies aimed at the construction sector, such as green
building certifications and incentives for using sustainable materials, have been introduced to meet
these targets. However, the implementation of these policies is often inconsistent, frequently
hampered by bureaucratic inefficiencies and a lack of enforcement mechanisms. Research from Cities
Climate Finance Leadership Alliance (78) shows that while awareness of sustainable practices is
increasing among industry stakeholders, adoption rates remain low due to high costs and limited
technical expertise. Strengthening regulatory frameworks and encouraging public-private
partnerships are crucial for closing this gap and promoting sustainable construction practices that
align with human development goals.
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6.4. Social Awareness and Community Engagement

Community engagement and social awareness are essential in reducing the impact of CO2
emissions in the construction sector. Public advocacy and grassroots movements can create a demand
for eco-friendly construction methods, shaping market trends and influencing policy decisions.
Educational campaigns that emphasize the health and environmental consequences of CO2
emissions can empower communities to push for cleaner technologies and sustainable urban
planning. For example, initiatives like the GBC Indonesia have effectively raised awareness about the
advantages of energy-efficient buildings, resulting in a greater uptake of green certifications (79).
Additionally, involving local communities in decision-making processes can improve the credibility
and success of sustainability efforts. By focusing on social inclusion and equity, Indonesia can ensure
that the shift to a low-carbon economy supports broader human development objectives, promoting
resilience and prosperity for all its citizens.

7. Conclusion

The construction industry in Indonesia is crucial for the country's economic growth, yet it
significantly contributes to CO2 emissions. These emissions have detrimental effects on
environmental sustainability and, in turn, on human development indicators like health, education,
and economic opportunities. The decline in air quality and the increase in temperatures due to
emissions from construction activities have led to a rise in respiratory and cardiovascular diseases,
particularly affecting vulnerable communities. Additionally, climate change, worsened by CO2
emissions, disrupts agricultural productivity, food security, and access to vital resources, all of which
are essential for human development. Although there have been some initiatives to implement green
construction practices, the adoption of environmentally sustainable solutions in Indonesia's
construction sector is still insufficient to mitigate these negative impacts. It is essential to develop
comprehensive policies, foster technological innovation, and encourage collaboration across the
industry to ensure that construction practices align with sustainable human development objectives.

Future research should emphasize a multidisciplinary approach to better understand the
relationship between emissions from the construction industry and human development. Studies
should aim to quantify the specific contributions of different construction activities to CO2 emissions
and their direct and indirect effects on various aspects of human development, including public
health, access to education, and economic resilience. Additionally, research should investigate how
effective green building technologies and the integration of renewable energy can reduce emissions
while fostering sustainable construction practices. Comparative studies between Indonesia and other
countries with similar developmental challenges could provide valuable insights into effective
strategies. Lastly, research should consider the socioeconomic effects of moving towards sustainable
construction, ensuring that the solutions proposed are fair and inclusive for all stakeholders involved.
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