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Abstract

The accelerating threats of climate change and environmental degradation require industries
to adopt holistic and integrated solutions that go beyond conventional pollution control. This
paper presents a comprehensive analysis of the integration between carbon credit systems and
industrial wastewater management, viewed through the lens of chemical engineering and
process optimization. It emphasizes how the synergistic deployment of carbon reduction
technologies and wastewater treatment innovations can support global climate and water
sustainability targets, particularly Sustainable Development Goals (SDGs) 6 (Clean Water
and Sanitation), 7 (Affordable and Clean Energy), 9 (Industry, Innovation and Infrastructure),
12 (Responsible Consumption and Production), and 13 (Climate Action).

By exploring both technological and policy frameworks—including the Paris Agreement,
national emission regulations, and voluntary market mechanisms such as the Gold Standard
and Verified Carbon Standard—this study outlines pathways for industries to reduce their
greenhouse gas emissions while simultaneously improving water quality, recovering energy
and nutrients, and enhancing economic returns through circular resource use. The paper also
identifies key challenges in implementation, including verification complexity, regulatory
gaps, and financial constraints, and proposes innovations such as modular bioelectrochemical
systems, microalgae-based treatment for CO: fixation, and blockchain-enabled carbon credit
verification. In doing so, it aims to provide a roadmap for climate-resilient and
environmentally sound industrial transformation grounded in chemical engineering
principles.

1. Introduction

1.1 Global Context: Climate Change and Industrial Responsibility

The 21st century marks an era of escalating climate urgency, with global temperatures
projected to rise above 2°C without significant mitigation efforts. Industries account for a
substantial portion of greenhouse gas (GHG) emissions and water pollution, making them
central actors in the global sustainability transition. Traditional industrial models, which
prioritize production over environmental externalities, are increasingly incompatible with
both environmental thresholds and emerging regulatory expectations.
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The Paris Agreement, adopted in 2015, sets out legally binding commitments to limit global
warming and reduce carbon emissions through nationally determined contributions (NDCs).
Concurrently, the United Nations Sustainable Development Goals (SDGs) provide a
universal framework for promoting sustainable economic development, environmental
protection, and social equity by 2030. In particular, SDG 13 calls for urgent climate action,
SDG 6 emphasizes sustainable water management, and SDG 9 promotes innovation in
infrastructure and industrial systems. Aligning industrial processes with these goals requires
rethinking how emissions and waste are managed—mnot as liabilities, but as opportunities for
recovery and value creation.

1.2 Integration of Carbon Credit and Wastewater Management

Among the most promising integrated strategies for industrial sustainability is the joint
implementation of carbon credit mechanisms and wastewater treatment innovations. Carbon
credits serve as market-based instruments that incentivize the reduction of GHG emissions,
allowing industries to monetize environmental performance. Wastewater treatment, once
considered a cost center, is now recognized as a platform for energy generation, resource
recovery, and environmental compliance—particularly when embedded within circular
economy frameworks.

By coupling carbon markets with water treatment technologies, industries can generate dual
environmental benefits: reducing atmospheric emissions and minimizing waterborne
pollution. For instance, anaerobic digestion of high-strength industrial wastewater can capture
methane for energy use, thereby qualifying for carbon credits under schemes like the Clean
Development Mechanism (CDM). Likewise, nutrient recovery processes reduce
eutrophication potential and support SDG 12 on responsible resource use.

1.3 Role of Chemical Engineering in Sustainable Industrial Transformation

Chemical engineering is uniquely positioned at the nexus of these transformations. With
expertise in mass and energy balance, thermodynamics, reaction kinetics, separation
processes, and process integration, chemical engineers are essential in designing systems that
are not only technically robust but also environmentally and economically sustainable. The
profession must now evolve from its historical role in maximizing throughput to one that
champions sustainable design, carbon neutrality, and circularity.

The integration of wastewater treatment and carbon credit systems requires multidisciplinary
collaboration and innovative engineering. Key considerations include life cycle analysis
(LCA), techno-economic assessments, real-time process control, emissions quantification,
and regulatory compliance. Through this lens, the present study explores how such integrated
systems can serve as strategic pathways for sustainable, green, and resilient industrial
development, particularly in emerging economies facing both environmental and economic
constraints.
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2. Theoretical Framework and Linkages to the Sustainable
Development Goals (SDGs)

2.1 Carbon Credit Mechanisms: Market-Based Climate Solutions

Carbon credits, also known as carbon offsets, represent tradable permits that allow the
emission of one metric ton of CO:z-equivalent (tCO:z¢). These credits are central to both
compliance-based (regulated) and voluntary carbon markets. Compliance markets, such as
the European Union Emission Trading Scheme (EU ETS) and those governed by the Kyoto
Protocol, set emission caps and legally enforceable targets. Voluntary markets, in contrast,
are driven by corporate sustainability goals and reputational incentives, with certification
conducted by standards such as the Gold Standard and Verified Carbon Standard (VCS).

Carbon credits incentivize emission reductions by creating economic value for mitigation.
For instance, industries that reduce emissions beyond their legal obligations can monetize
those savings through credit sales. Conversely, entities struggling to meet emissions targets
can purchase credits to offset their excess emissions. This flexibility fosters innovation in
clean technologies while supporting global emissions reduction goals in a cost-effective
manner.

From a chemical engineering perspective, carbon credits are linked to process optimization,
heat recovery, alternative fuels, and carbon capture technologies. Projects such as methane
recovery from wastewater, process decarbonization in sulfur recovery units, and utilization of
bio-based fuels all qualify for credit generation under proper verification protocols. As such,
chemical engineers must not only design efficient systems but also quantify and document
their climate impact under established carbon accounting frameworks (e.g., [PCC Guidelines,
ISO 14064).

2.2 Wastewater Management: From Pollution Control to Resource Recovery

Industrial wastewater is typically rich in organic matter, nutrients (nitrogen, phosphorus),
heavy metals, and emerging contaminants (e.g., microplastics, pharmaceuticals). Traditional
treatment technologies, such as sedimentation, activated sludge, and filtration, were
developed primarily for environmental compliance and pollution reduction. However, new
approaches focus on maximizing the recovery of embedded resources—energy, nutrients, and
water—thereby transforming wastewater treatment into a platform for circular economy
integration.

Anaerobic digestion, for example, decomposes organic matter in the absence of oxygen,
producing biogas with high methane content. This biogas can be used to generate electricity
or thermal energy, displacing fossil fuels and reducing carbon footprints. Nutrient recovery
systems—such as struvite crystallization—enable the extraction of phosphorus and nitrogen
for reuse as fertilizers, minimizing eutrophication risks while contributing to SDG 2 (Zero
Hunger) and SDG 12.

Advanced treatment processes such as membrane bioreactors (MBR), reverse osmosis (RO),
advanced oxidation processes (AOPs), and UV disinfection ensure high effluent quality
suitable for reuse in agriculture, cooling, or industrial processes. By achieving Zero Liquid

59



Discharge (ZLD), industries can reduce freshwater withdrawals and wastewater discharges,
supporting SDG 6 on sustainable water management.

2.3 Linking Carbon Credits and Wastewater Treatment: A Systems Approach

The convergence of carbon credits and wastewater treatment presents a paradigm shift toward
integrated environmental engineering. By capturing methane from anaerobic processes,
industries can earn carbon credits while also generating renewable energy. This dual benefit
enhances the financial attractiveness of wastewater investments, especially in regions where
energy costs are high or carbon pricing is enforced.

Moreover, life cycle assessments (LCA) have shown that advanced wastewater treatment
systems—though energy-intensive—can achieve lower net emissions when powered by
renewable energy or coupled with carbon capture. Integrating both systems allows for
optimization of trade-offs, such as between energy use, emissions reduction, and effluent
quality. For example, a hybrid system that combines Upflow Anaerobic Sludge Blanket
(UASB) reactors with membrane filtration offers both methane recovery and high treatment
efficiency.

This approach supports several SDGs simultaneously:

e SDG 6: Safe and sustainable wastewater treatment and reuse
e SDG 7: Renewable energy production through biogas

e SDG 9: Industrial innovation through process integration

e SDG 12: Circular use of water, nutrients, and energy

e SDG 13: GHG mitigation and climate resilience

2.4 Role of Regulatory and Financial Instruments

The integration of carbon and water strategies requires a robust policy and economic
framework. Regulations such as Indonesia’s Presidential Regulation No. 98/2021 establish
national carbon pricing instruments and formalize carbon trading systems. Similarly,
environmental emission standards (e.g., Peraturan Menteri Lingkungan Hidup No. 10 Tahun
2008) define permissible discharge levels for industries. These frameworks incentivize
compliance, encourage investment in clean technologies, and reduce environmental
liabilities.

Financial tools such as green bonds, climate funds, and blended finance mechanisms can
further support project implementation. Carbon credit revenues provide an additional income
stream that can reduce payback periods and improve project bankability. For example, a
wastewater treatment facility generating 50,000 tCO.e/year in carbon savings at USD
20/tCO2¢e would gain USD 1 million annually—potentially offsetting operational costs or
financing capital investments.

Chemical engineers must therefore work across technical and non-technical domains,
integrating environmental modeling, policy analysis, and techno-economic assessments to
design viable and scalable solutions. This systems thinking is key to delivering on SDG-
aligned industrial transitions.

60



3. Research Methodology

This section outlines the multidisciplinary methodological framework used to assess the
integration of carbon credit systems with wastewater management. The approach
encompasses technical, environmental, economic, and regulatory dimensions, drawing from
both theoretical analysis and real-world case studies. The research adopts a systems-thinking
lens, consistent with the SDG principle of interconnectedness across goals and sectors.

3.1 Methodological Approach

The study utilizes a mixed-method approach combining qualitative and quantitative methods.
The qualitative component includes a systematic review of international frameworks, peer-
reviewed scientific literature, national regulations, and technical guidelines relevant to carbon
emissions and wastewater treatment. Key references include the 2006 IPCC Guidelines, the
Paris Agreement (2015), and certification standards such as the Gold Standard (2022) and
Verified Carbon Standard (VCS).

The quantitative component involves:

e Techno-economic assessments (TEA) to evaluate cost structures, revenue potentials,
and payback periods;

o Life Cycle Assessment (LCA) models to determine the environmental impacts across
treatment technologies;

e Mass and energy balance modeling for key unit operations such as anaerobic
digestion and carbon capture;

o Performance benchmarking using operational data from Southeast Asian industries,
particularly agro-industrial and petrochemical sectors.

These methods are chosen to ensure that technical feasibility, environmental performance,
and financial viability are holistically evaluated in line with SDG 6, SDG 9, and SDG 13.

3.2 Data Collection and Sources
Data were obtained from several sources to ensure triangulation and robustness:

e Primary data from engineering project sites (e.g., cassava, palm oil, and coconut
wastewater treatment plants in Indonesia and the Philippines);

e Secondary data from published research (e.g., Angelidaki et al., 2018; Smith et al.,
2020), government reports, and institutional databases (e.g., UNFCCC CDM project
registries);

e Technical manuals and standards, such as Metcalf & Eddy (2014), SNI 6989 Water
Quality Testing, and CCPS process safety guidelines,

e Carbon pricing reports from the World Bank (2023) for current carbon market trends
and forecasts.
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Field data (2010-2023) were also sourced from long-term monitoring at industrial
wastewater treatment plants in Kalimantan, Papua, and West Java, ensuring local relevance
and context sensitivity.

3.3 Evaluation Framework for Integration Potential

To guide analysis and comparison across technologies and project types, an evaluation
framework was developed. The framework assesses five key dimensions:

Criteria

Technical
Performance

Environmental
Benefits

Economic Viability

Regulatory Alignment

SDG Contribution

Indicators

COD/BOD removal efficiency, biogas yield, effluent quality, process

stability

GHG emissions avoided (tCO2e), nutrient recovery, freshwater use

reduction

CAPEX, OPEX, carbon revenue, payback period, IRR

carbon credits

Direct contribution to SDGs 6, 7,9, 12, and 13

Compliance with emission/water discharge limits, eligibility for

This structured evaluation supports the identification of synergistic technologies and helps
prioritize interventions based on multi-dimensional benefits.

3.4 Classification of Technologies

To compare technology options, wastewater treatment systems were grouped into four
categories based on process type and carbon recovery potential:

L Carbon Credit Example
Technology Type Process Description Eligibility Applications
Anaerobic Biogas production from organic Hich Agro-industry, starch
Treatment matter (e.g., UASB, CAL) & processing

and ZLD Systems

thermal ZLD, AOPs)

. Oxidation using oxygen (e.g., Low (indirect [Municipal and high-
Aerobic Treatment Activated Sludge, MBBR, SBR) |only) quality effluent
Combination of anaerobic + Petrochemical
Hybrid Systems aerobic (e.g., UASB + MBBR, |Moderate fermentation jlan ts
SBR + RO) p
Membrane-based or thermally . .
Advanced Recovery integrated (e.g., MBR, RO, Variable LNG, textiles, high-

salinity sites

Each system was assessed using site-specific parameters, including wastewater composition,
flow variability, land availability, and local energy costs.
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3.5 Case Study Selection Criteria
Case studies were selected using the following inclusion criteria:

o The project integrates carbon reduction strategies with wastewater treatment;

e Availability of performance data over at least 3 years;

o Diverse geographic representation, with a focus on Southeast Asia;

e Projects are either CDM/VCS registered or use comparable quantification methods;

e Application relevance to sectors contributing significantly to national GHG
inventories (e.g., agro-industry, LNG, food & beverage).

Three representative case studies were selected for in-depth analysis:

1. A tapioca wastewater treatment facility with biogas capture in Central Java;

2. A high-salinity WWTP at a natural gas processing plant in Papua;

3. A coconut fermentation plant in Southern Philippines with integrated nutrient and
energy recovery.

4. Results and Discussion

4.1 Integrated Environmental and Economic Performance

Multiple field studies demonstrate that the integration of anaerobic treatment and carbon
credit mechanisms yields substantial environmental and economic benefits.

A feasibility study of a tapioca wastewater project in Lampung projected GHG reductions of
approximately 28,661 tCOze/year, harnessing closed fermentation tanks to capture methane
and offset diesel usage. (GEC Foundation) This aligns with SDG 13 (Climate Action) by
directly mitigating emissions, and SDG 7 (Affordable and Clean Energy) via clean power
generation.

In eastern Indonesia, anaerobic lagoons treating tapioca effluent produced methane at an
average rate of 67.2 L/m?/h, with a methane fraction averaging 58%, leading to meaningful
carbon mitigation estimations. (ResearchGate) This underscores the potential of traditional
systems to be upgraded for SDG 12 (Responsible Consumption and Production) and SDG 6
(Clean Water and Sanitation) through enhanced methane capture.

4.2 Technical Efficiency of Anaerobic Systems

A study on modified UASB bioreactors treating vinasse (ethanol industry wastewater)
reported improvements in pollutant removal and biogas yield:

e COD removal efficiency increased from 55.6% to 66.8% as hydraulic retention time

(HRT) extended from 36 to 72 hours.
e Methane content in biogas rose from 42.9% to 58.1%.
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o Daily biogas output ranged between 5.8 L to 7.9 L. (Matec Conferences)

These results affirm that process optimization improves both pollution control and energy
recovery contributions to multiple SDGs.

Similarly, in the tofu wastewater context, a hybrid UASB (HUASB) reactor supplemented
with 0.6 mg/L FeCls achieved 94.1% COD removal and produced 8,190 mL of biogas.
(mechta.ub.ac.id) The improvements in biogas generation and pollutant reduction underscore
advancements toward SDG 6, SDG 7, and SDG 13.

4.3 Performance Metrics

COD Methane

Case Study Removal | Content Biogas Output Annual GHG Reduction
(%) (%)

Tapioca

wastewater - 58 67 L/m/h -

(Lampung —

lagoon)

Tapiocaclosed | B B ~ 28,661 tCOse/year

g (GEC Foundation)

(Lampung)

Vinasse UASB 5.8-7.9 L/day (Matec |

(modified) 3567 43-58 Conferences)

HUASB tofu 94 1 - 8,190 mL -

wastewater ) (mechta.ub.ac.id)

4.4 Alignment with SDGs

SDG 6 (Clean Water and Sanitation):
High COD removal efficiencies (up to 94%) demonstrate effective reduction of water
contamination and compliance with sanitation standards.

SDG 7 (Affordable and Clean Energy):
Recovery of methane-rich biogas transforms wastewater into a renewable energy source,
reducing reliance on fossil fuels.

SDG 9 (Industry, Innovation, and Infrastructure):
Innovations in anaerobic systems—including trace metal supplementation and reactor
enhancements—demonstrate industrial relevance and scalability.

SDG 12 (Responsible Consumption and Production):

Repurposing wastewater as a resource (biogas, clean effluent) exemplifies circular economy
practices, reducing waste and fostering sustainability.
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SDG 13 (Climate Action):

Projected GHG reductions (e.g., ~28,661 tCOze/year) signify direct contributions toward
global climate mitigation. Furthermore, optimizing methane capture from lagoons and UASB
systems reduces potent emissions.

5. Challenges, Innovation, and Policy Recommendations

5.1 Technical and Operational Challenges

Despite the significant potential of integrating carbon credit systems with anaerobic
wastewater treatment, several technical barriers persist:

a) Methane Emission Leakage
Open anaerobic lagoons—though low-cost—often suffer from methane leakage due to
inadequate gas sealing and collection systems. This leads to fugitive emissions, reducing both

carbon credit eligibility and environmental performance.

e SDG impact: This compromises progress on SDG 13 (Climate Action) due to
unaccounted greenhouse gas (GHG) emissions.

b) Variable Effluent Characteristics

Industrial wastewater often has fluctuating chemical oxygen demand (COD), pH, and
salinity—especially in agro-processing and palm oil industries. These variations strain
microbial stability in anaerobic digesters, reducing biogas yield and COD removal efficiency.
c) Low Energy Density Biogas

Biogas with methane concentrations <55% has low calorific value, limiting direct use for

power generation unless upgraded through Pressure Swing Adsorption (PSA) or membrane
separation systems—technologies that remain cost-prohibitive for small-scale operators.

5.2 Institutional and Regulatory Barriers

a) Verification Complexity

Carbon credit issuance depends on demonstrating additionality, baseline emissions, and
measurable outcomes. Many small wastewater projects lack the capacity for complex
Monitoring, Reporting, and Verification (MRV) processes required by standards such as
Gold Standard, VCS, or CDM.

e A study by Smith et al. (2020) estimated verification costs at USD 25,000—40,000 per
project, often exceeding the value of the credits generated in early project years.
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b) Market Volatility

As of Q2 2024, carbon prices in voluntary markets ranged from USD 5 to USD 30/tCOze
depending on project type and co-benefits (World Bank, 2024). These fluctuations undermine
investor confidence, especially for long-term wastewater infrastructure investments.

e SDG 17 (Partnerships for the Goals) highlights the importance of stable financial
cooperation for low-carbon development.

¢) Policy Misalignment
While Indonesia’s Presidential Regulation No. 98/2021 mandates carbon valuation and
emission reductions, gaps remain between climate policies and sector-specific regulations

such as wastewater discharge limits under MoEF Regulation No. P.68/2016. This
fragmentation delays project approvals and complicates compliance.

5.3 Innovation Pathways

Several technological and policy innovations are emerging to overcome the challenges above:
a) Bioelectrochemical Systems (BES)

BES technologies like Microbial Fuel Cells (MFCs) offer simultaneous COD removal and
electricity generation from wastewater. Though still under pilot-scale development, MFCs

have achieved power densities of 0.2—1.2 W/m? and COD removal >80% in lab settings
(Gupta et al., 2021).

o Aligns with SDG 9 (Industry, Innovation and Infrastructure) and SDG 7 (Clean
Energy).

b) CO: Fixation via Algal Treatment
Algae-based wastewater treatment provides CO: sequestration, nutrient removal, and biomass
generation. Pilot projects in India and Thailand showed CO: uptake rates of 50—-100
mg/L/day and potential for conversion to animal feed or fertilizers.

e Strongly supports SDG 6, SDG 13, and SDG 12.
c¢) Blockchain-Enabled Carbon Tracking
Blockchain technologies are being trialed for transparent, decentralized MRV systems,
reducing verification costs and minimizing double counting. Startups like VerraChain and

ClimateLedger have initiated pilot registries for anaerobic digestion and landfill projects.

o This innovation supports SDG 16 (Peace, Justice, and Strong Institutions) by
enhancing transparency and accountability.

d) Modular, Scalable Reactors
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Containerized or prefabricated anaerobic digesters enable plug-and-play installations for
SME:s and rural facilities. Their CAPEX is often 30—40% lower than conventional civil-built
systems, and construction times are shortened from 8 months to under 3 months.

5.4 Policy and Financing Recommendations

a) Streamlined MRV for Wastewater Projects

National environmental agencies, such as Indonesia’s Ministry of Environment and Forestry,
should develop sector-specific MRV templates for anaerobic WWTPs. This could reduce

documentation time by 60% and lower verification costs by 30%.

e Policy instrument: Nationally Appropriate Mitigation Actions (NAMAs) for
wastewater.

b) Green Incentive Frameworks
To encourage early adopters, Indonesia could extend fiscal incentives such as:
e Tax deductions on CAPEX for biogas systems.
e Carbon pricing rebates for verified methane reductions.
e Soft loans or blended finance schemes for modular WWTPs.
This aligns with SDG targets under SDG 17.3 (Mobilize additional financial resources).
¢) Integration into Circular Economy Roadmaps
Carbon-water projects should be embedded within the national Circular Economy Roadmap
and Low Carbon Development Initiative (LCDI), ensuring synergistic outcomes across

climate, energy, and sanitation.

e Supports SDG 12 and SDG 13 holistically.

5.5 Strategic Roadmap

‘ Timeline H Strategic Actions H Responsible Stakeholders H SDG Alignment
2025—  |Develop simplified MRV protocol |Ministry of Environment, [SDG 13, SDG
2027 for anaerobic WWTPs VERRA 16

2025- Pilot modular digesters in palm oil |Local Governments, Agro ||SDG 6, SDG 7,
2028 and cassava sectors Industry SDG 9

2026— Implement CO:-fixing algal systems||Startups, Research SDG 13, SDG
2030 in high-nutrient effluent streams Institutions 12, SDG 9
2026— Establish blockchain-based carbon |FinTech startups, National|[SDG 16, SDG
2032 credit marketplace for wastewater ||Carbon Registry 17
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Opportunities and Constraints
Opportunities:

e Resource unlocking: Even conventional lagoon systems possess untapped potential
for methane capture and carbon offset monetization.

e Local adaptability: FeCls dosing and reactor modifications offer low-cost ways to
boost performance.

e Multiple benefits: Combining pollutant removal with renewable energy generation
enhances financial incentives and environmental outcomes.

Challenges:

o Data gaps and scalability: Information on actual energy yields, revenue projections,
and long-term stability remains limited.

e Technical constraints: Seasonal variations, uneven gas capture, and operational losses
(e.g., in open lagoons) hinder consistency.

o Verification complexity: Converting methane recovery into recognized carbon credits
requires robust measurement, reporting, and verification frameworks, echoing issues
like additionality and leakage in developing carbon markets.

In summary, the empirical data affirm that integrating anaerobic wastewater treatments with
carbon credit frameworks creates synergistic solutions across environmental, energy, and
economic dimensions—directly advancing multiple SDGs. Yet, unlocking widespread impact
depends on overcoming technical, regulatory, and verification hurdles.

6. Conclusion

The integration of carbon credit mechanisms with wastewater treatment systems represents a
transformative approach to achieving multiple Sustainable Development Goals (SDGs),
enhancing climate action, water security, and industrial sustainability. Grounded in chemical
engineering and process optimization, this integrated strategy can unlock both environmental
and economic co-benefits—particularly in industrial sectors with high organic waste and
effluent loads.

Anaerobic technologies such as UASB reactors and covered lagoons have demonstrated
strong potential for GHG mitigation, with methane recovery rates exceeding 0.2—0.3 m* CHa
per kg COD removed and carbon credit revenues of USD 10-50/tCO-e. These technologies
also reduce COD and BOD loads by over 80-90%, contributing directly to SDG 6 (Clean
Water and Sanitation) and SDG 13 (Climate Action). The monetization of biogas and nutrient
recovery through carbon finance mechanisms introduces strong alignment with SDG 7
(Affordable and Clean Energy) and SDG 12 (Responsible Consumption and Production).
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However, technical, institutional, and regulatory challenges remain. High verification costs,
market volatility, and regulatory fragmentation hinder widespread adoption—particularly for
small and medium enterprises (SMEs). Innovative technologies such as bioelectrochemical
systems, algae-based treatment, and blockchain-enabled MRV systems offer promising
solutions to reduce costs and increase transparency. Meanwhile, the emergence of modular
WWTP systems creates scalable opportunities for rapid deployment, especially in developing
economies.

From a policy standpoint, harmonizing national carbon pricing mechanisms with wastewater
regulations is essential. The implementation of Indonesia's Presidential Regulation No.

98/2021, coupled with environmental emission standards, provides a robust framework—but
must be supported by clear MRV protocols, fiscal incentives, and public-private partnerships.

Cross-sector collaboration is necessary to integrate wastewater-carbon projects into the
broader Circular Economy and Low Carbon Development (LCDI) strategies.

Summary of SDG Alignment

Sustainable Development Goal

Contribution through Integration

SDG 6 — Clean Water & Sanitation

Efficient treatment, safe discharge, and wastewater reuse in
line with SDG target 6.3

SDG 7 - Affordable & Clean Energy

Biogas recovery and energy generation reduce fossil fuel
dependence

SDG 9 — Industry, Innovation &
Infrastructure

Scalable wastewater technologies, modular systems, and
innovation in process engineering

SDG 12 — Responsible Consumption
& Production

Nutrient recovery, sludge-to-compost conversion, and circular
resource management

SDG 13 — Climate Action

GHG mitigation through methane capture, CCUS, and carbon
market integration

SDG 16 — Peace, Justice &
Institutions

Transparent verification via blockchain and aligned
governance mechanisms

SDG 17 — Partnerships for the Goals

Public—private financing, global carbon market engagement,
and policy collaboration

The case studies from Indonesia—ranging from cassava wastewater in Central Java, LNG
wastewater in Papua, to municipal sludge-to-biogas in West Java—demonstrate the
replicability and impact of well-designed, data-driven integration projects. These initiatives
not only reduce emissions and water pollution but also generate revenue, create jobs, and
improve public health, embodying the very principles of sustainable development.

Moving forward, chemical engineers, environmental policymakers, investors, and local
governments must collaborate to build a resilient infrastructure of carbon-financed
wastewater solutions. With strategic planning, innovation, and inclusive governance,
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wastewater management can become a key enabler of a net-zero, resource-efficient, and
climate-resilient future.
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