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ABSTRACT

This article examines global regulatory frameworks and sustainable policy approaches,
emphasizing the central role of regulation in addressing persistent market failures linked
to long-term environmental, social, and technological risks. It analyzes how international
treaties, soft-law instruments, and supervisory standards cascade into national and sectoral
regulations, shaping sustainability outcomes across jurisdictions. The study compares major
policy instruments—including command-and-control regulation, market-based mechanisms,
disclosure-based policies, fiscal tools, and experimentalist governance—assessing their
effectiveness, equity implications, and implementation constraints. Particular attention is given
to sector-specific frameworks in climate and environmental governance, energy and industry
transformation, sustainable finance and corporate disclosure, digital and artificial intelligence
systems, and health and food systems. The article further explores regional regulatory approaches
in the European Union, the United States, China, South Asia, Africa, Latin America, and the
ASEAN-Pacific region, highlighting how state capacity, industrial strategy, and political economy
influence policy design and enforcement. The analysis underscores that regulatory success
depends less on aspirational targets than on institutional coherence, robust measurement,
reporting and verification systems, enforcement capacity, and standard interoperability.
Finally, the article outlines future scenarios toward 2035, arguing for adaptive, data-driven, and
justice-oriented regulatory frameworks capable of managing emerging risks—particularly those
associated with the growing environmental footprint of artificial intelligence—while ensuring
durable and inclusive sustainability transitions.

Keywords: Global regulation; Sustainable policy; Climate governance; Regulatory instruments;
Artificial intelligence impacts; Just transition

INTRODUCTION
Why Regulation Shapes Sustainability Outcomes

Markets are strong capital allocation mechanisms, but long-term social and environmental
risks are chronically mispriced by the market. An example is climate change: harms that are
decades old, which cut across boundaries and are full of profound uncertainty, which traditional
discounting and incomplete information cannot readily represent.(? The degradation of
biodiversity is also under-priced since most ecosystem services are not priced until they
fail, and invasive species and habitat destruction will be the diffuse costs that cannot be
internalized by the individuals acting privately.® These failures are augmented by new digital
externalities: Al and data-centers increase the energy and water demands growing with their
size and not reported in forms helpful to decision-making, so under-incentivising efficiency
and decarbonization of grids.® In those markets in which markets respond, such as consumer
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pressure, investor activism, or voluntary standards, it has been found that the response is often
incomplete or slow without clear signals of policy.®

There is regulation to rectify such failures: first, it charges or limits externalities through
carbon taxes, emission trading, performance requirements, endangered-species safeguards, and
product-stewardship requirements.® Second, it establishes guardrails to avoid high-probability
harms (e.g., methane leaks, deforestation) and to deal with low-probability, high-impact risks
(e.g., cascading ecosystem or power-system failures).>* Third, it increases the rate of innovation
diffusion through the reduction of the costs of adoption (auctions, tax credits), harmonization
of infrastructures (grid codes, data and reporting standards) and provision of certainty which
stimulates private investment.?® Lastly, it would facilitate a fair transition through cost-sharing
and benefits by worker, region, and supply chain, including through reskilling benefits, specific
rebates, and community benefits, to make decarbonization a politically and socially sustainable
transition.®

This chapter charts the world-system of sustainability regulation and demonstrates the way the
international treaties, soft-law norms, and supervisory expectations trickle down into national
and local regulations.®3 We evaluate the effectiveness of policy tools, including command-and-
control, market-based, disclose, fiscal policies, and experimentalist, and compare them in terms
of their effectiveness.®' Then we examine regional differences in the European Union, United
States, China, India/South Asia, Africa, Latin America and ASEAN/Pacific based on the influence
of state capacity, industrial strategy and political coalitions on instrument choice.®') The whole
time, we pre-implementation realities implementation realities measurement, reporting, and
verification (MRV); enforcement capacity; interoperability of standards; distributional design
since results are dependent less on aspirational goals and more on institutional implementation.
.7 We conclude with future directions to 2035 that are neither fast nor swift enough to drive
but are balancing with the emerging risks of Al energy footprint, or the nature-related financial
risks.®4

Road map: section 3 elucidates some important concepts and governance prisms
(polycentricity, precaution vs. innovation, policy feedbacks). Section 4 scans over the treaty
layer and the institution layer. Part 5 explores sector schemes: climate, energy-industry,
finance and disclosure, digital/Al, and food-health; making the choice of instruments to be
quantifiable. Section 6 makes a comparison of instruments and provides a design matrix. Section
7 is case comparisons on a regional level. Section 8 deals with cross-border coordination,
trade and standards interoperability. In Section 9, 10, and 11, there is information on justice,
implementation, and adaptive regulation and continuous improvement metrics. The case
studies are succinct and contrasting in section 12. Section 13 illustrates scenarios up to 2035.
Sections 14 to 17 are topped off with practical recommendations, glossary, discussion prompts
and resource guide.

Key Concepts & Analytical Lenses

Policy objective of sustainability is a combination of the environmental integrity, social
equity and long term economic resilience. Environmental integrity poses the question of
whether policy pathways should not exceed planetary limits and keep ecosystems across
generations intact; social equity based on distributional outcomes and procedural fairness;
long-term economic resilience based on structural change and adaptive capacity to shocks.
These three dimensions are complementary, yet tend to conflict in the short term, that is why
sustainability policy is not only about what targets to achieve and what tools to use, but about
how to design governance. "
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This design space can be mapped with the help of regulatory typologies. Command-and-
control standards impose definite limits or technological imperatives and cannot be dispensed
with in case harms are acute, measurable, and demand certainty (e.g. ban on ozone-
depleting substances). Internalized by market-based instruments, such as carbon pricing,
tradable permits, and differentiated charges, market-based policies are effective in that
they reduce externalities, but they are not costly since they require coverage, price paths,
and complementary actions alleviating frictions between political economy.(® Sustainability
reporting (via disclosure-based regulation e.g. under emerging global baselines) is tried to
discipline markets by information; in effect, only works best when comparable and audited
disclosures are decision-useful and investors can act on them.¥ Co- /self-regulation and meta-
regulation move focus of organizational systems, such as risk management, governance, and
learning loops, which are subject to the supervision of the masses; their potential is flexibility,
the danger is performative compliance without enforcement. Experimentalist governance
focuses on iterative goal-setting, benchmarking and revising across jurisdictions; it can speed up
the learning in a state of uncertainty with accountability being preserved.® Lastly, polycentric
governance acknowledges various decision centers including local, national, transnational that
operate through norms and mutual adaptation instead of hierarchy; it is more consistent with
commons problems of heterogeneous contexts. "

The binding tissue between instruments and levels is known as policy coherence. On a
horizontal front, energy, industry, agriculture, finance, labor and environment ministries need
to coordinate their efforts to ensure no whiplash (e.g., industrial competitiveness plans eroding
emissions caps); on the vertical front, local-national-global connections have to coordinate to
ensure there is no leakage and duplication." Even though the term coherence does not imply
uniformity, plausible national strategies tend to combine tools and arrange them, such as pilots,
scaled standards, pricing, or coordinate with trade and innovation policy.

Other criticism prisms enhance design decisions. Just transition lens foregrounds shares
regional, sectoral, and worker distributional effects and has social dialogue and support policies
(retraining, income support, place-based development) to climate and industrial strategies.(®
The precaution innovation lens describes decisions in the face of uncertainty: take action now
to insure against irreversible damages but permits trial and error and spread of alternatives
that are cleaner.”'® The feedbacks of policies and lock-in remind us that the present-day
regulations condition the future coalitions, e.g. carbon pricing to finance visible benefits will be
more popular, and infrastructure decisions may compromise the high-emissions paths.® Path
dependence means that there is a need to utilize reform windows to re-route investment cycles
and standards at the time of technological change or crisis.(™® The role of incumbents, new
entrants, and organized labor, along with the role of the durable change to unite the plausible
commitments with the transitional support and the open burden-sharing, is emphasized by the
political economy of reform.(?

Global Treaties & Institutions: The Rule-Setting Layer

MEAs offer anchor norms, targets and reporting structures which domestically based
regulating bodies convert into national law. The UNFCCC and Paris Agreement provide long-
term temperature objectives, nationally determined contributions (NDCs), transparency levels,
and a five-year ambition cycle, which thoroughly incorporates domestic policy changes('?®
in climate. The Kunming -Montreal Global Biodiversity Framework (GBF) is a document that
outlines four goals and 23 targets of the Convention on Biological Diversity, now incorporates
a continuously evolving system of monitoring to assess progress - an instance of target-and-
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review governance, which now requires integration at the domestic level, primarily in land-use,
finance, agriculture, and trade.(%'

Montreal Protocol on Substances that Deplete the Ozone Layer is one of the brightest
examples of an adaptive treaty-making: non-compliance regime, technology switching schedule
supported by finances, and binding control schedules. It applies this reasoning to HFCs in its
Kigali Amendment; recent studies highlight the importance of lacing the fridge transition with an
appliance efficiency standard to get the greatest climate gains- a lesson in how sectoral policies
can be made consistent with the objective of treaties.® The Basel Convention on hazardous-
waste governance has increased restrictions on the transboundary flows of plastic wastes;
national governments are now implementing prior informed consent and quality standards, and
tracking, which can be seen as examples of how treaty amendments can transform the global
value chains when combined with domestic capacity.®

The interfaces of trade and investment become the precursors of sustainability. WTO
regulations determine the policy space on carbon pricing, border adjustments, subsidies and
product standards. With the spread of climate measures, the system is fumbling towards
interoperability by design (common methodologies, due process, and transparency) to ensure
a minimum number of frictions are not created at the cost of not pursuing decarbonization
ambition, indicating that there is a need to improve the alignment between trade disciplines
and climate/biodiversity ambitions.(%'? Sustainability chapters are now incorporated in
preferential trade agreements, and in some cases value-chain commitments; these need to be
monitored, enforceable, and followed up domestically in addition to having a hortatory text.®

The social gaps in the sustainability governance are bridged by the labor and human
rights. The principles that have triggered the national due-diligence regimes and reporting
requirements are ILO just transition guidance and UN Guiding Principles on Business and Human
Rights (UNGPs). However, it has been revealed that many companies are still talk-oriented and
the disclosure in them is only thin, which indicates that enforceable obligations, supervisory
ability, and enforceable backstop of liability are essential.® Integrating labor rights within
climate-industrial policy (e.g. conditional subsidies, workforce transition alliances) makes it
more legit and faster to adopt.®

Standard setting institutions transform general norms into technical specifications. The
measurement, management, and assurance of energy, environmental, and circular-economy
sectors, as well as of finance, rely on ISO/IEC standards, and the International standards
board (ISSB) has published IFRS S1 and S2, a global standard of investor-centered sustainability
disclosure all spillovers to risk management of corporates and capital allocation.¥ Disclosure
regimes are based on comparability, assurance, and integration into financial supervision,
otherwise they are likely to remain as box-ticking exercises. 4

The soft law and compliance work simultaneously. Most of the treaty obligations are based
on national transposition, peer review, transparency and mutual recognition as opposed to
supranational enforcement. Hard sanctions can be replaced by sunset-plus-review clauses,
learning-based stocktakes, watchdog transparency (registries, standardized reports), and
making coalitions reform ready.('>'® Polycentricity is relevant in this respect: cities, regions,
and transnational networks tend to become more rapid than the national governments, which
produces demonstration effects and closes the ratchet.® In situations with uncertain but
potentially disastrous risks, precautionary design, in combination with innovation sandboxes
and periodic reviews of evidence, is useful in helping treaties and standards navigate between
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stagnation and blindly rushing ahead.”-'® Overall, the rule-setting layer is effective when it is
MEA-coherent, aligns disclosure, standards, and incentives, and it institutionalizes the process
of learning and tightening by policy.1%1?

Sector/Domain Frameworks: Where Rules Meet Real Economies
Climate & Environment

Policy goals: internalize environmental externalities, bend absolute emissions and biodiversity
loss curves, and build climate resilience while safeguarding livelihoods. This means achieving
timely, measurable reductions in greenhouse gases (GHGs), halting ecosystem degradation, and
minimizing pollution across product life cycles.(?

Core instruments

Emissions governance: the main tools of price-based motivators are cap-and-trade and
carbon taxes. Cap-and-trade provides certainty of quantities, and allowances in the trade, taxes
provide a stable marginal abatement incentive and recycling possibilities of revenue. Things are
becoming more blurred with hybrid designs (price floors/ceilings in ETS; emissions-indexed tax
credits). The use of offsets has to be limited to high-integrity credits that have conservative
baselines, strong permanence, leakage protection, and a transparent project level.(%2) MRV
systems need to be digital-first: standardized protocol and 3rd-party verification and asset level
data to facilitate audits and enforcement.

Natural capital: the rules of biodiversity net-gain (BNG) mandate ecological improvement
of developments; no-deforestation supply-chain requirements associate compliance on imports
with geolocation and geolocation; and watershed governance (watershed governance) combines
permits, quality trading, and source-water protection compacts to align upstream land use
with downstream water quality results.? Waste & circularity. Extended Producer Responsibility
(EPR) causes producers to be economically and operationally liable to dispose of their goods
at their end-of-life; eco-design establishes durability, reparability and quantity of recycled
content criteria; right-to-repair policies allow access to parts, manuals, and diagnostics with no
harm and a security risk and data protection. @29

Implementation challenges. Abatement is undermined by too low price signals, limited
coverage or enforcing these signals. The offset programs can be prone to excessive over-crediting
in the absence of conservative baselines and independent verification.?” Without ecological
skills and expertise, data, and compliance capacity, local authorities in charge of watersheds
and BNG may come to a halt.® The instruments of circularity demand product data (materials,
chemicals of concern) that is interoperable and coordination among thousands of SMEs.

Equity considerations: carbon pricing may be retrogressive when the revenues are not
recycled; equity-by-design implies that it has targeted subsidies of the form of rebates, rural
mobility options, and low-income building retrofits. BNG must avoid green gentrification where
funding is done on community stewardship and respecting tenure rights. The informal waste
pickers should be incorporated in EPR programs through producer responsibility organizations
based on the living-income contracts and safety standards. Metrics. Emissions: GHGs by absolute
and intensity; price of allowance; tax coverage. Nature: hectares of habitat increase, richness
of species, importation of deforestation. Circularity: rates of collection / recycling of each
material, rate of repair, lifetime of the product, phase out of hazardous substances. Equity:
proportion of the carbon-pricing revenues to the vulnerable groups; the scores of community
participation. (1023
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Energy & Industry

Policy goals: rapidly decarbonize power, electrify demand, scale firm low-carbon fuels, and
transform materials industries (steel, cement, chemicals) while maintaining reliability and
affordability.

Core instruments

Clean power deployment: technology-neutral or targeted auctions that have strong pre-
qualification, performance insurance and bankable offtake use less money and less delivery risk,
Renewable Portfolio Standards (RPS)/Contracts-for-Difference use more scale, grid codes and
interconnection queue reform use more deliverability and minimize curtailment and flexibility
markets (storage, demand response) use variable renewables.

Industrial decarbonization: performance targets (e.g., tCO 2 per ton of steel / cement) are
ratched down with long lead-time visibility; hydrogen support targets upstream production
standards and demand-side contracts; CCUS authorizes pore-space access, liability, and MRV
and leaves support of hard-to-abate processes to governments.®) Carbon leakage tools.
Embedded-carbon costs to imports are equated by the border adjustment mechanisms, and
a decarbonisation transition plans with time constraints ensure competitiveness, without
disregarding price signals or contingent assistance on decarbonisation paths.®

Implementation challenges: under-bidding at auction, congestion in the supply chain may
lead to non-delivery; backlog in the queue and sluggish network build-out strands the projects.
The requirements of industrial standards (credible product-level MRV (e.g., low-carbon cement
clinker ratios), harmonized definitions) are to prevent the problem of green protectionism.?)
The CBAM-type measures entail a high quality of embedded-carbon data and a sound customs
administration.@®

Equity considerations: design auctions that come with community benefits agreement and
local hiring; safeguard the low-income consumers through special purpose bill credits. In the
case of industry, pair standards together with just-transition compacts, reskilling, regional
investment fund, and SME supplier enablement.

Metrics: levelized cost of electricity (delivered), price in an auction, average interconnection
time; industrial emissions per unit of output; cost of hydrogen and its usage rates; CCUS capture
rates and permanent storage; carbon-intensity differentials between domestic and imported
good. ®5:26)

Finance & Corporate Disclosure
Policy goals: align capital markets with sustainable outcomes by improving decision-useful
transparency, curbing greenwash, and pricing climate- and nature-related risks in supervision.

Core instruments

Reporting baselines: the ISSB’s IFRS S1/S2 create a global floor for investor-focused
sustainability and climate disclosures (governance, strategy, risk management, metrics/
targets). Jurisdictions adopting double materiality expand scope to outward impacts alongside
financial materiality. Taxonomies & labels. Decision-useful classifications (with “do no significant
harm” and minimum safeguards) guide product labeling, disclosures, and public procurement;
transition categories can crowd-in high-emitting sectors with science-based pathways.

Prudential/supervisory tools: climate scenario analysis and stress testing assess credit-
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market vulnerabilities; stewardship codes formalize investor engagement escalation (Flood-
tests and exploratory exercises are maturing toward capital frameworks).?” Implementation
challenges. Interoperability across standards (global baseline vs regional requirements), data
gaps (Scope 3, private firms), and assurance capacity. Taxonomy usability for SMEs and banks is
often low without simplified criteria and digital tags. Stress tests can become “model theater”
if not linked to risk appetite, underwriting standards, and disclosure feedback loops.®"

Equity considerations: avoid excluding MSMEs and emerging-market issuers by providing
proportionality, simplified templates, and technical assistance; ensure transition finance
reaches carbon-intensive regions to prevent stranded communities.

Metrics: disclosure coverage/assurance rates, taxonomy-aligned revenue/CapEx shares,
portfolio-level financed emissions, scenario-consistent capital allocation, escalation outcomes
in stewardship. @2

Digital, Data & Al
Policy goals: unlock trustworthy sustainability data flows; manage Al’s environmental
footprint and systemic risks; and harden cyber-physical infrastructure as part of resilience.

Core instruments

Data & cross-border flows: establish sustainability “data rooms” with shared schemas;
mandate interoperable emissions/energy data at asset and product level (digital product
passports); ensure privacy/security via risk-based data protection. Al safety & sustainability.
Require model-risk management, transparency on training data/limitations, and energy-use
disclosures (training and inference). Encourage compute-efficient methods and siting powered
by low-carbon grids.*?%

Cyber-resilience: critical-infrastructure standards (zero-trust, SBOMs, incident reporting),
third-party risk rules for cloud and OT systems, and minimum encryption/authentication across
supply chains. Implementation challenges. Sparse and non-comparable Al energy data and
confidentiality claims limit accountability.® Product-level emissions data face fragmentation
and IP concerns. Cyber rules can overburden SMEs without shared services and templates.

Equity considerations: prevent data monopolies by mandating access to public-interest
datasets; ensure Al energy-cost pass-throughs do not disproportionately burden low-income
users; include SME-friendly cyber compliance toolkits.

Metrics: share of assets/products with machine-readable emissions data; model energy per
parameter/training run; percentage of critical entities meeting resilience benchmarks; incident
response times. *2

Health, Food & Biosafety
Policy goals: contain antimicrobial resistance (AMR), manage biosafety/biosecurity risks, and
steer food systems toward nutrition, safety, and climate resilience.

Core instruments

AMR controls: integrated One-Health plans: prescription stewardship, surveillance, water/
sanitation investments, and market-entry rewards for novel antimicrobials; procurement that
favors access-oriented licensing. Biosafety standards. Risk-tiered lab and field protocols, gene-
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drive governance, and incident reporting with independent oversight.

Food-system sustainability: sustainable input standards (fertilizer efficiency, pesticide risk),
nutrition labeling, food-loss reduction mandates, and climate-resilient agriculture (soil health,
water efficiency) paired with farmer extension. Implementation challenges. Financing gaps for
AMR innovation and surveillance; fragmented food standards; limited biosafety capacity in low-
resource settings.

Equity considerations: ensure equitable access to diagnostics and antibiotics, support
smallholders through climate-smart extension and credit, and protect indigenous/community
food systems. Metrics. Infection and resistance prevalence; antibiotic consumption intensity;
food-loss rates; nutrition outcomes; farm-level emissions and water productivity.

Governance Models & Policy Instruments

Command-and-control: harms are acute and irreversible or they are priced in a poor way
and therefore the harms they cause are clear and the guardrails are clearly indicated by bans,
limits and performance standards. They suit best where performance can be measured, where
tightening can be done in stages, and where flexibility in design is required (e.g. output-based
allocations changing to absolute caps). There is the risk of technology lock-in where standards
identify solutions directly, not results; overcome this by drafting outcome-based regulations and
by ensuring that there are many ways of compliance.

Market-based: externalities are monetized by carbon pricing (taxes or ETS), tradable permits
(renewable portfolio obligations, vehicle fuel-economy credits), differentiated tariffs, and
congestion pricing and can promote cost-optimal abatement. This has been demonstrated by
emerging results demonstrating that carbon pricing has provided quantifiable cuts when properly
instituted even at small amounts and has complemented, rather than substituted, complementary
policies to generate innovation, infrastructure, and equity.® Border adjustments have the
benefit of safeguarding policy ambition against leakage, but entail effective embedded-carbon
accounting and an effective domestic regime.

Information & disclosure: information asymmetries are minimized through corporate
reporting, product labels, asset-level transparency, as well as open data. The ISSB standards
(IFRS S1/S2) create a worldwide investor-centered standard; those jurisdictions which impose
double materiality mandate disclosure of effects on both people and the planet in addition to
financial materiality.?® The lack of assurance of disclosure, comparability, and post-disclosure
supervision is prone to transparency theater. Disclose assurance, enforcement, and supervision
of capital markets.

Financial & fiscal: first-of-a-kind projects are de-risked with subsidies, tax credits, green
public procurement, concessional/blended finance, and just transition funds and diffusion is
hastened. Protect against windfalls through the competitive allocation (auctions), additionality
tests and payout based on milestones. Observe the standards of low-carbon materials in order
to establish the demand pull in the hard-to-abate sectors.

Collaborative/experimentalist: mobilized coalitions to deal with uncertainty through
regulatory sandboxes, adaptive licensing, challenge prizes, and mission-oriented programs.
Publish learning of pilots, make use of sunset and review clauses and scale what works. The use
of experimentalist governance is bright in the situations when technologies and risks change
rapidly (e.g., Al energy-use disclosures and model- risk controls).*??
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Institutional design: whole-of-government taskforces, cross-ministry action, arm-length
implementation by independent regulators, stakeholder councils (labor, SMEs, communities) all
help in reducing the friction in implementation.

Invest state capacity: digital permitting, MRV infrastructure, and local-government technical
support.

Regional Approaches Comparative Perspectives
European Union

Strategic narrative: the European Green Deal aims to hard-wire climate-neutrality and
circularity into the single market. The EU leans on economy-wide standards, product policy,
and carbon markets to drive systemic change.

Flagship instruments: EU ETS (and ETS2 for buildings/road transport), Effort-Sharing
Regulation, product eco-design and energy labeling, circular economy package (EPR for
packaging/e-waste; right-to-repair trajectories), corporate sustainability due diligence and
reporting, and the Carbon Border Adjustment Mechanism (CBAM) for leakage control.®®

Strengths/weaknesses: strengths include rule-making capacity, market integration, and
increasingly interoperable disclosures. Weaknesses are uneven national capacity, slow grid
expansion, and compliance complexity for SMEs.

Spillovers: EU product and reporting rules are de-facto global standards for exporters; CBAM
pushes trading partners toward better emissions accounting. @

United States

Strategic narrative: incentive-heavy industrial policy plus regulatory backstops. Federal tax
credits and loans catalyze private investment, while EPA authority and state leadership handle
standards and procurement.

Flagship instruments: long-duration tax credits for clean power, storage, hydrogen, CCS; EPA
performance standards; state RPS/clean energy standards; federal and state procurement of
low-carbon materials; transmission siting reforms.

Strengths/weaknesses: deep capital markets, innovation ecosystems, and demand-pull from
procurement are strengths. Weaknesses include litigation risk, interconnection backlogs, and
policy whiplash across administrations.

Spillovers: global clean-tech cost reductions and supply-chain diversification; competitive
pressure on allied industrial policies.

China
Strategic narrative: dual-carbon goals guide a state-led transition, integrating ETS evolution
with powerful industrial policy in clean tech manufacturing and grids.

Flagship instruments: national ETS expanding beyond power to heavy industry; large-scale

renewables plus ultra-high-voltage transmission; local performance targets; data governance
tightening with emerging sustainability data initiatives.
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Strengths/weaknesses: strengths: speed/scale of manufacturing, grid build-out, and pilot-
to-national policy diffusion. Weaknesses: data transparency, varied provincial enforcement, and
coal reliance in power balancing.

Spillovers: cost leadership in solar, batteries, and EVs; global standard-setting in supply
chains.

India & South Asia
Strategic narrative: energy-security-led transition, with rapid renewables growth, grid
expansion, and an adaptation-forward agenda.

Flagship instruments: competitive auctions for solar/wind; green open-access and
transmission corridors; renewable purchase obligations; green hydrogen and storage tenders;
climate-resilient agriculture missions and sustainability finance frameworks.

Strengths/weaknesses: scale and auction experience are strengths; DISCOM finances, land/
permits, and grid congestion remain bottlenecks.

Spillovers: regional power-pooling and standards for low-cost renewables in emerging
markets.

Africa
Strategic narrative: universal energy access, resilience, and green industrialization anchored
in mineral value chains and nature-based solutions.

Flagship instruments: IPP frameworks and renewable auctions, mini-grid regulations, clean-
cooking standards, and land-use policies to protect high-value ecosystems. Nature- and climate-
risk stress testing for banks is emerging (to price ecosystem loss and climate shocks).

Strengths/weaknesses: young markets with high marginal benefits from electrification;
constraints include finance cost, utility creditworthiness, and transmission deficits.

Spillovers: innovation in distributed energy regulation; leadership on nature-risk financial
supervision.

Latin America
Strategic narrative: protect natural capital, decarbonize grids already rich in renewables,
and leverage critical minerals for a just industrial strategy.

Flagship instruments: deforestation controls linked to supply-chain due diligence; EPR and
deposit-return systems; carbon-pricing pilots; green bonds and taxonomies.

Strengths/weaknesses: abundant renewables and biodiversity offsets potential; governance
and enforcement gaps in frontier regions persist.

Spillovers: global supply-chain tightening for deforestation-risk commodities; growth in
sustainable aviation fuel feedstocks and mineral processing.

ASEAN & Pacific
Strategic narrative: balance development and decarbonization with regional power trade,
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common taxonomies, and climate adaptation for islands.

Flagship instruments: cross-border power trade frameworks; national and regional
taxonomies to guide finance; coastal adaptation standards and disaster-risk financing; early Al-
energy disclosure pilots as data-center hubs grow.

Strengths/weaknesses: dynamic manufacturing base and openness to standards cooperation;
vulnerability to storms/sea-level rise and limited fiscal space.

Spillovers: interoperable taxonomies and digital product passports can reduce compliance
friction for exporters.

Cross-Border Coordination, Trade & Standards Interoperability

Sustainability policy is now transnational just like supply chains, capital movements and
data flows. Regulatory interoperability is a strategic capability, therefore. Three modes prevail,
namely equivalence (admission of other rules that provide similar consequences), mutual
recognition (admission of other conformity tests), and common baselines (co-established
minimum standards). Equivalence and recognition can reduce duplicate testing, accelerate
approvals, and reduce barriers to trade clean-tech, but they need reliable evaluation mechanisms
and continuous peer review to prevent the risks of the race to the bottom.®% In the areas of
low political trust, it may be simpler to maintain common baselines, including aligned product
safety or sustainability disclosure minima.®?

Trade policy: the best-known example is the Carbon Border Adjustment Mechanism by the
EU (CBAM) which is intended to impose price on embedded emissions of imports and counteract
leakage as the free allowances of the EU ETS are lowered.?%3" CBAM will be able to strengthen
incentives to decarbonize overseas and facilitate domestic climate ambition, however, it will
impose distributional and administrative issues on developing-country exporters and small
importers. The coverage, default values, indirect emissions, and foreign carbon prices crediting
are design-related characteristics that make or break CBAM to promote or trigger conflicts.®3"

Information & reporting interoperability: corporate sustainability reporting is also moving
towards investor centric baselines, which have knock-on consequences on supply chains. With
the alignment of the disclosure frameworks embraced by markets, assurance scopes and audit
trails should be interoperable to ensure that the cost of compliance remains manageable. ¢2:3%
Digital product passports (DPPs) that transport structured information (materials, repairability,
emissions) throughout the life cycle of a product are maturing product-level traceability which
can unlock the use of circular business models in the event that identifiers, data schemas, and
access rights are coordinated across jurisdictions. ¢35

Finance channels: money is also important in interoperability. In blended-finance platforms,
which are based on multilateral development banks (MDBs), the mobilization of private capital
occurs through the standardization of taxonomies, risk-sharing terms and verification rules across
deals. 33 Partnerships and country platforms in the style of Just Energy Transition are effective
when the disclosure, MRV, and eligibility requirements are compatible with the international
standard to make concessional, commercial, and sovereign sources co-invest without individual
due diligence. 339
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Justice, Inclusion & the Just Transition

Sustainable transition should provide answers to three distributive questions: who pays,
benefits, and decision-makers. Relative prices, asset values, and employment opportunities
are unevenly distributed in areas, industries, and even population groups due to industrial
decarbonization. The burdens are, without intent, generally transferred to low-income earners,
carbon-intensive regions, and workers with less easily portable skills and the gains are reaped
by capital-intensive industries and workers with more high-skill labor. 3"

Distributional analysis: strong ex-ante analysis must measure impacts on households energy
and stranded-asset risks, on workforce and it should disaggregate by gender and age and place
to bring up inequities in the background.®3” The policy mix is then informed with credible
evidence, such as the combination of price in carbon with gradual recycling of revenues and
special support of industrial transition.

Design features: three levers dominate. First, households at risk are insulated by specific
rebates and lifeline tariffs, and the decarbonization signalling to high-consumption users is
maintained.® Second, sequencing plant retirement plans with reskilling and job-placement
funds based on actual employer demand and supplemented by wage insurance or mobility
support should be made available to women and young people who are burdened by care
or have a credential penalty.®” Third, legitimacy is anchored by community ownership and
benefit-sharing the form of royalty streams, local equity interests, or community trusts, and
redistributes the upside.®

Procedural justice: the early, ongoing and empowered forms of participation enhance
sustainability: social consultation of unions and employer associations; local planning
commissions with direct access to real budgets; and grievance systems that lead to conflict
resolution before it develops.©”

International fairness: CBAM need to be accompanied by transition assistance, including
concessional finance, access to technology, and capacity building, to ensure the costs are
not passed on to the producers and consumers in the developing countries.?%3" The country
platforms which could be a mix of the public and the private capital can be used to fund the
transitions of coal-to-clean, grid investments and social protections with eligibility, MRV, and
safeguards consistent with international standards. %3¢ The logic behind it is straightforward:
matching domestic equity (in countries) and global equity (between countries) in such a way as
to ensure that climate ambition grows not disintegrates.®3"

Implementation, Enforcement & Political Economy

Capability building: aspirational regulations require institutions that are resource endowed.
There are three investments that can be done soon. First, individuals: the specialist regulatory
personnel (economists, engineers) and professionalized inspectorates minimize backlog and
enhance the quality of the rules. Second, MRVs systems: monitoring, reporting and verification
at the facility, product and social levels should be modular in order to allow sectors to connect to
a shared data backbone.®%3 Third, digitalization: e-permitting, machine-readable disclosures,
and API-based data exchanges can enhance compliance, reduce administrative discretion, and
open up risk-based supervision to analytics. 43

Enforcement toolkit: switch to a risk-based oversight as compared to the blanket inspection
that directs resources to areas where the harms are most significant and compliance risks are the
greatest. Alternate penalties with restorative enforcement e.g. enforceable undertakings which
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remediate harm (e.g. habitat restoration, worker remediation) but do not eliminate incentives
to self-report. Third party verification built into MRV (publicity through rotation of auditors,
independence protection and public sums) scales are not privatized in the public interest.% In
the case of cross-border value chains, certificates should be available in searchable, time-bound
and auditable conformance registries by accepting accepted verifiers across jurisdiction. 435

Political economy: reform runs into incumbency. The producers of carbon intensive, legacy
producers and individual region blocks have the ability to unite to water down standards or
glean rents. Three strategies help. (1) Sequencing: no-regret, no-compensation: initialize at
no-regret; phase data quality as quality increases.®? (2) Coalition-building: attract beneficiaries
- clean-tech suppliers, finance, labor finding new employment, consumer groups, etc. - around
foreseeable rules and investment channels.® (3) Credible commitment: lock-in with statutory
targets and budgeted transition funds and independent oversight; align trade and procurement
and disclosure rules with backsliding (making visible costs to firms and financiers).?3"

Controlling leakage and coordination issues: in the case of a domestic ambition endangering
offshoring of emissions, introduce border policies with subsidies to partner nations to implement
similar prices, MRV and technology. The acknowledgment of foreign carbon charges and high
quality of offset has the ability of transforming trade friction into a convergence ladder. @3
Publicate default values and other methodologies to unwind little importer frictions although
protecting against creative compliance.

Subnational role: experimentation of cities and provinces is ideal, such as the building
code, distributed energy zoning, industrial symbiosis parks and circular-economy logistics.
Experimentation (regulatory sandboxes, pilot waivers) and diffuse learning through playbooks
and shared datasets should be licensed by national regulators. Make fiscal payments and
purchases based on performance (e.g., verified emissions reductions, job quality indicators),
not effort.®® Templates and grid codes can be aligned throughout a region, which reduces
transaction costs on developers and SMEs of projects.(43%

The through-line is doable: construct data-rich, risk-responsive institutions; implement fairly
but visibly; connect domestic regulations to cross-border regimes to allow capital, technology,
and accountability to scale. When done properly, implementation is not a cost burden but an
investment vehicle coming to make sustainability regulations bankable projects and sustainable
political alliances. %33

Measuring Impact & Adaptive Regulation

A good sustainability policy begins with a theory of change connecting inputs (funding,
staffing, data infrastructure) to actions (rulemaking, permitting, enforcement), outputs (licenses
issued, disclosures filed, kilometers of grid upgraded), outcomes (reduced emissions intensity,
increased resilience), and, finally, impacts (avoided climate damages, increased biodiversity,
social inclusion). Visualizing this chain at the beginning of the chain presupposes assumption,
aligns agencies, and trade-offs are legible.®®

There should be a limited number of KPIs and indicators that are similar and relevant to
decisions. On climate, pegged to intensity of emissions (e.g., tCO 2e/MWh; tCO 2e/ton of steel)
and absolute emissions paths. To be resilient, avoidance of track downtime, time taken to
restore services, and asset level risk scores, which are a combination of hazard, exposure, and
vulnerability. Nature measures are capable of matching area metrics (hectares of conservation,
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no-deforestation compliance) with biodiversity outcome measures (species abundance, habitat
connectivity). Social indicators are to be tracked in terms of affordability, quality of jobs, and
involvement (e.g. share of community-owned projects), with equity integrated as opposed to
being added. The choice of KPIs that can be calculated using high-frequency operational data
will minimize such lags between signal and policy adjustment.©?

Regulation can be evolved by adaptive cycles: write sunset clauses, which activate reviews,
periodically audit performance (e.g. after every 2436 months), and test new technologies,
business models or MRV techniques with regulatory sandboxes before going to scale or codifying
them.“9 Pivot prescription to outcome-based controls (e.g. performance standards) where
possible so as to incentivize innovation whilst maintaining safeguards.®

Adaptation is built on a strong learning infrastructure: data collaboratives to exchange
information on an asset-level (grids, buildings, supply chains), open APIs to standardize
submissions (emissions, product passports, grid interconnection status), and independent
evaluation to prevent self-assessment bias and regulatory capture. In the rapidly relevant fields,
Al and digital infrastructure, transparent energy and water KPIs are the most important to align
the innovation with climate objectives.®

CASE OF STUDY
Power Sector Auctions in Emerging Economies

Context: as FITs gave way to competitive procurement, many emerging economies adopted
technology-specific auctions to accelerate renewables while lowering costs.

Instrument mix: reverse auctions with pay-as-bid or uniform pricing, pre-qualification (land,
permits, grid-connection evidence), bid bonds, and realization penalties. Complementary
policies include standardized PPAs, grid code updates, and local content rules tied to industrial
strategy. %)

Results so far: auctions reliably delivered steep tariff declines and volume at pace where
pipeline quality, PPA bankability, and grid readiness were credible. Where interconnection
lagged or curtailment risk was high, realized capacity fell below awards; underbidding and
concentration risks emerged when pre-qualification was weak or lot sizes were oversized.®"
Targeted design—e.g., zonal caps, ceiling prices, and milestone-based securities—mitigated
failures while preserving competition.“?

Equity impacts: tariff reductions improved affordability, but local content rules produced
mixed outcomes unless paired with skills and supplier enablement. Community benefit schemes
and land safeguards helped reduce siting conflicts.

Lessons: auctions are powerful if embedded in a policy mix: bankable PPAs, timely grid
expansion, and realistic penalties. Periodic design reviews prevent lock-in and address market
concentration. “-42)

Corporate Climate Disclosure & Investor Stewardship

Context: the post-2020 surge in climate reporting norms (e.g., TCFD-aligned frameworks
and their successors) reshaped how firms quantify transition and physical risks, while investor
stewardship moved from awareness to escalation.*4

Instrument mix: baseline reporting on governance, strategy, risk management, and metrics/
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targets; transition plans with near-term capex and scope-coverage milestones; stewardship
codes and coalition engagements; escalation ladders (vote against, file resolutions, reallocate
capital).

Results so far: evidence shows private engagements can improve ESG practices and reduce
downside risk; climate proposals have become more targeted and data-driven.®* Yet
greenwashing risks persist where metrics are unaudited, targets exclude Scope 3, or scenario
use is cosmetic.

Equity impacts: better disclosure supports workforce transition planning and supplier
enablement, but costs can burden SMEs without proportionality and interoperability. Lessons.
Mandatory decision-useful disclosure plus credible stewardship drives progress; add assurance,
scope-inclusive targets, and escalation protocols to deter greenwashing and align capital with
real-economy decarbonization.“

Circular Economy via EPR (Packaging/E-waste)
Context: EPR shifts end-of-life responsibility and financing from municipalities to producers,
spurring design changes and improving collection/recycling for packaging and e-waste.®4)

Instrument mix: producer Responsibility Organizations (PROs), modulated fees (eco-
modulation by recyclability/toxicity), take-back obligations, eco-design standards (repairability,
recycled content), and litter-prevention schemes. Integration with informal waste sectors via
registration, safe-work standards, and price floors builds inclusivity. ©®

Results so far: where fee signals are strong and enforcement credible, EPR improved collection
rates and nudged design-for-recycling. Weak data and fragmented standards, however, limited
comparability and cross-border trade in secondary materials.“

Equity impacts: formalizing informal collectors raises incomes and safety, but requires
transition support and access to PRO payments. Fee design must avoid regressive pass-through
to consumers.

Lessons: pair EPR with eco-design rules, common data standards, and market development
for recycled outputs; use adaptive reviews to refine fee modulation and prevent perverse
incentives. ©*)

Future Outlook to 2035: Scenarios & Strategic Inflection Points

Convergence: by the early 2030s, major jurisdictions align on disclosure baselines, digital
product passports, and carbon accounting; auction and transmission planning co-evolve; EPR
interoperability lowers costs; Al governance internalizes energy/water impacts. Finance scales
through blended vehicles and transition-finance taxonomies; policy risk premia fall. Diffusion
of green tech accelerates, shaving emissions intensity across power, industry, and mobility.“3®

Patchwork: progress is mixed: regional clubs advance standards but create compliance
complexity. Auction design improves but grid bottlenecks persist; disclosure quality rises
unevenly; investor stewardship pushes laggards case-by-case. EPR advances in some markets;
leakage and waste trade remain problematic. Adaptive regulation becomes essential to manage
divergence. 4>
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Backlash: political reversals stall carbon policies; reporting is diluted; data standards
fragment; Al-driven energy demand collides with decarbonization pathways, raising emissions
and public costs. Investment slows as policy uncertainty widens risk premia.®

Watch items: critical minerals supply and recycling economics; Al x climate interactions
(demand management vs rebound); adaptation finance for infrastructure hardening; supply-
chain resilience in grids and clean-tech manufacturing.“

Build interoperability: (reporting, product passports, EPR data) to cut friction. Invest in
regulatory capacity MRV systems, grid planning, competition oversight, independent evaluators.
Hone just-transition compacts reskilling, place-based investment, affordability shields.
Institutionalize adaptive cycles—sunset clauses, scheduled reviews, sandboxes linked to outcome-
based rules.“ Target KPIs that matter—emissions intensity, resilience performance, biodiversity
outcomes, and distributional metrics—to keep policy aimed at real-economy change.

CONCLUSIONS

For governments: design coherent mixes that combine standards, markets, and information;
embed equity-by-design (affordability, worker transition, participation); fund capacity
(regulators, grid operators, data systems); and mandate machine-readable reporting with
assurance to strengthen accountability.

For business: integrate policy risk into strategy; publish credible transition plans with capex-
backed targets across Scopes 1-3; enable suppliers (toolkits, financing, data sharing); and
monitor operational energy/water footprints of digital systems—including Al—against science-
based thresholds.

For finance: use stewardship escalation ladders (vote, file, re-allocate) and time-bound
engagement to close performance gaps; expand transition financing for hard-to-abate sectors;
and apply robust taxonomies that prevent greenwashing while rewarding real emissions intensity
improvements.

For civil society & academia: scale monitoring (citizen science, watchdog analytics), curate
evidence syntheses for policymakers, and co-design participatory processes that legitimize
transitions and improve uptake.

Across contexts, the through-line is adaptive regulation: pick KPIs that track what matters,
build feedback loops that learn in public, and revise rules on schedule. That’s how regulatory
frameworks remain legitimate, lower compliance costs over time, and deliver durable
sustainability impacts.

Discussion Questions & Applied Assignments
Seminar prompts

When do disclosure-only regimes work, and when do they fail? Consider incentives,
comparability, auditability, and enforcement spillovers. What’s the fairest way to design a
carbon border measure? Discuss equity, exemptions, use of revenues, and compatibility with
trade rules. Which policy mix best accelerates industrial decarbonization in your country? Weigh
standards, pricing, procurement, finance, and just transition supports.

Applied assignment
Draft a two-page policy memo proposing a regulatory sandbox for a climate-tech or circularity

363



Advanced Materials, Artificial Intelligence, and Sustainable Technologies for Energy and Environmental
Engineering

use case. Specify objectives, eligibility and governance, consumer and environmental safeguards,
data/MRV requirements, exit criteria, and success metrics (e.g., cost per ton abated, time-to-
permit, SME participation).

Further Reading & Resource Guide

UNFCCC Paris Agreement; Convention on Biological Diversity; OECD Regulatory Policy
Outlook; IEA Net Zero Roadmap; World Bank State and Trends of Carbon Pricing; IFRS/ISSB
S1-S2; GRI Standards; ILO Guidelines for a Just Transition; Ellen MacArthur Foundation Circular
Economy Handbook; PRI Active Ownership 2.0.

Open data: WRI Climate Watch; World Bank World Development Indicators (including
environment/climate series).
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