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ABSTRACT

Sustainability raises a problem that ordinary profit-and-loss statements cannot settle: whether an enterprise can create
durable value without imposing unacceptable ecological depletion, uncompensated harm, or unjust burdens on others
and future generations. This chapter develops an analytically rigorous account of sustainability, environmental
responsibility, and circular business models across twelve interconnected domains. A transparent, purposive synthesis
of foundational scholarship, peer-reviewed empirical research, official statistics, international standards, and dated
Rwandan policy documents brings externality economics, stakeholder theory, ecological limits, industrial ecology,
materiality, and circular-economy scholarship into critical dialogue. It distinguishes sustainability performance from
reporting activity, material recirculation from absolute impact reduction, and financial exposure from wider social and
ecological significance. Rwanda's National Circular Economy Action Plan, revised Green Growth and Climate
Resilience Strategy, and 2035 nationally determined contribution are considered alongside contemporary international
disclosure and environmental-management requirements. An explicitly hypothetical Rwandan beverage-packaging
case compares single-use glass with a managed refill system through reproducible material-flow, emissions, financial,
return-rate, and sensitivity calculations. Original instruments include a life-cycle decision map, impact-and-exposure
matrix, environmental indicator register, and green-claims substantiation protocol. The central argument is
conditional: an enterprise can responsibly pursue resource productivity and circular innovation only when physical
impacts, economic feasibility, human consequences, governance, and credible evidence are evaluated together. The
chapter proposes a testable cross-functional synthesis; it does not claim new empirical validation.

Keywords: corporate sustainability; environmental externalities; planetary boundaries; climate risk; circular
economy; life-cycle assessment; sustainability reporting; environmental management; sustainable finance; Rwanda.
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LEARNING OUTCOMES AND CONCEPTUAL ROADMAP

Eight learning outcomes govern the progression from conceptual analysis to evidentiary appraisal and accountable
professional judgment. Each is linked to the worked case and applied assessments rather than treated as a purely
declarative aspiration.

Outcome Assessable capability

Distinguish sustainable development, corporate sustainability, ecological responsibility and circularity,

LO1 . . . .
and evaluate the philosophical and economic tensions among them.

LO2 Identify and evaluate environmental dependencies, impacts, risks and material issues within defensible
organizational and life-cycle boundaries.

LO3 Assess physical and transition climate risk and design proportionate environmental management
responses, with explicit attention to maladaptation.

LO4 Compare circular strategies and reproduce their material-flow, financial and bounded life-cycle
calculations under stated assumptions.

LOS Define, calculate and critically assess energy, water, material, waste, greenhouse-gas and social
indicators with suitable provenance and uncertainty records.

LO6 Differentiate impact and financial materiality, reporting criteria, assurance scope and substantiated
environmental product claims.

LO7 Evaluate Rwandan sustainability institutions and sectoral conditions against the assumptions and
applicability of international practice.

L08 Defend an integrated sustainability decision with explicit trade-offs, minimum safeguards, stakeholder

protections, sensitivity testing and falsifiable review conditions.

The chapter begins with sustainability's philosophical and theoretical foundations (31.1), then develops ecological
constraints (31.2), climate exposure (31.3), and environmental management (31.4). It proceeds from circular principles
(31.5) to product and supply-network design (31.6), human consequences (31.7), measurement (31.8), disclosure and
assurance (31.9), finance (31.10), African institutional conditions (31.11), and technological and organizational
innovation (31.12). Sections 31.13-31.17 provide an independently reproducible Rwandan decision case, comparative
application, integrative propositions, pedagogical instruments, further reading, and references. Detailed operational
production remains in Chapter 17, sourcing in Chapter 18, logistics in Chapter 19, corporate finance in Chapter 24,
internationalization in Chapter 30, enterprise-wide risk techniques in Chapter 32, and systematic ethical theories in
Chapter 33. This chapter owns the ecological and social assessment of enterprise choices and their relationship to
circular business architecture.

31.0 INTRODUCTION: WHEN EFFICIENCY DOES NOT ESTABLISH SUSTAINABILITY

Consider a manufacturer in Kigali that replaces a disposable beverage container with a returnable one. Purchasing
managers anticipate lower packaging costs after repeated use; sales managers welcome a distinctive product; and
operations managers anticipate washing, collection, inspection, and storage requirements. The proposed container is
heavier, however, so transport emissions may rise. Its economic advantage depends on customer returns, breakage,
hygiene compliance, capital tied up in circulating containers, and the geographical density of collection routes. A first-
year report might celebrate less waste even if low return rates produce higher overall environmental impacts and an
unsustainable cash burden. This is an illustrative dilemma, not evidence about a named Rwandan manufacturer. It
identifies the chapter's governing question: how should an enterprise make viable decisions within ecological
constraints while remaining answerable for environmental and social consequences?

The relevance of that question is neither sentimental nor merely reputational. The Intergovernmental Panel on Climate
Change (IPCC, 2023) concludes that human activities have unequivocally caused global warming and that warming
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had reached approximately 1.1 degrees Celsius above 1850-1900 in 2011-2020. The International Resource Panel's
Global Resources Outlook 2024 describes sharply increased material extraction, with associated distributional and
ecological pressures (United Nations Environment Programme [UNEP], 2024). In its Emissions Gap Report 2026,
UNEP (2026) identifies a continuing mismatch between collective emissions trajectories and safer temperature
pathways. These are system-level findings; none alone establishes the footprint, culpability, or investment return of a
particular enterprise. Nevertheless, they change the evidentiary and moral context in which business decisions should
be evaluated.

Sustainability involves maintaining or improving human wellbeing without degrading the conditions required for its
continuation. At enterprise level, the concept is inherently contested. A financially prosperous firm might reduce its
emissions intensity but expand production enough to increase absolute emissions. A recycling company could create
employment but expose informal waste workers to hazards. A carbon-neutral claim could depend on purchased credits
without demonstrable reductions within the firm's value chain. Conversely, an environmental investment might reduce
direct profit in a particular period while preventing harmful exposure or conserving an irreplaceable ecosystem. Such
cases expose why sustainability cannot be established through a single return measure, certification, environmental,
social and governance (ESG) score, or public commitment (Dyllick & Hockerts, 2002; Hahn et al., 2010; Pucker,
2021).

31.0.1 Evidence design, scope, and limitations

The chapter uses a critical, purposive secondary-source synthesis. Source families include seminal conceptual
publications, peer-reviewed comparative and empirical studies, the IPCC and UNEP's scientific assessments, official
Rwandan environmental policy and legislation, official agricultural statistics, and primary documents from
international standard setters. Selection emphasizes relevance to the twelve approved domains, conceptual
disagreement, empirical credibility, contemporary institutional accuracy, and African applicability. This is not a
systematic review: no comprehensive database search, formal screening log, meta-analysis, or exhaustive claim of
coverage is made. Such claims would be methodologically indefensible without their procedures and records.
Published national statistics are used descriptively, not to infer individual firm outcomes. Standard-setting documents
are distinguished from binding national laws. The worked case is explicitly synthetic and offers decision logic rather
than observed effects.

Three inferential distinctions govern the analysis. Dependency describes an enterprise's reliance on ecological or social
conditions; impact concerns the changes its activity may cause; and risk concerns uncertainty that can affect
objectives, finances, people, or ecosystems. They overlap but cannot be substituted. Second, efficiency, measured per
unit of activity, differs from sufficiency and absolute pressure on ecological systems. Third, decision-relevant
materiality for investors does not necessarily capture the seriousness of harm to communities, workers, or habitats.
The chapter therefore develops a dual assessment of financially consequential exposure and outward impact, without
pretending that all values are commensurable (Ostrom, 2009; Richardson et al., 2023; Global Reporting Initiative
[GRI], 2021).

31.0.2 Interpretation, traceability, and limits of the evidence

The analysis follows a consistent distinction among scientific assessment, legal obligation, empirical association,
mechanism-based explanation, and normative judgment. IPCC findings describe climatic mechanisms and assessed
confidence at a global or regional scale; Rwandan policy documents specify commitments and intended interventions;
international standards prescribe methods or reporting criteria within their stated scope; and peer-reviewed
management studies provide arguments or estimates under their own research designs. The chapter does not collapse
these evidentiary classes into a single hierarchy. A legally binding prohibition can be established through an
authoritative enactment but cannot alone demonstrate improved river quality; an experimentally measured production
gain can establish an effect in a defined setting but cannot determine which distribution of gains is just.
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For replicability, the principal policy documents are identified by issuing institution, year, instrument and official
access location in the references. The numerical case declares its system boundary, units, formulas, arithmetic and
assumed inputs; the relevant comparisons are reproducible without proprietary data. The literature selection is
purposive rather than exhaustive: foundational texts establish competing mechanisms, review studies identify
conceptual or empirical disputes, and primary institutional documents are preferred for date-sensitive propositions. No
numerical meta-analysis, independent field investigation, company interview, or actual environmental verification was
undertaken. This methodological restraint is central to the chapter's contribution, which is a theoretically argued and
operationally testable synthesis rather than a newly estimated causal relationship.

A useful publication test follows: for every consequential statement, ask whether the cited source supports the specific
claim, whether the source's population, boundary and date are compatible with the application, and whether the
sentence makes an inference beyond the evidence. When the answer is uncertain, the appropriate scholarly response is
to qualify the claim, identify additional evidence, and resist presenting technical formality as epistemic certainty.

31.1 SUSTAINABILITY AND ENTERPRISE PURPOSE

31.1.1 Historical formation and competing conceptions

The World Commission on Environment and Development's Our Common Future linked development to the needs of
present and future generations (World Commission on Environment and Development [WCED], 1987). The idea
introduced a crucial temporal obligation: economic activity must not be assessed solely by its immediate beneficiaries.
Its apparent consensus concealed genuine disagreement about what must be sustained, by whom, and at whose
expense. In a weak-sustainability approach, losses of natural capital can sometimes be offset by gains in produced or
human capital. A strong-sustainability perspective argues that certain ecological functions, critical thresholds, and
irreversible losses are not substitutable. These are different theories of what counts as an acceptable future, not merely
alternative vocabulary (Dyllick & Hockerts, 2002; Richardson et al., 2023).

The familiar economic-environmental-social triad, often associated with the triple bottom line, was influential because
it challenged the assumption that profit alone represented organizational success. Yet three dimensions do not form
three currencies that can simply be added. A positive labour indicator cannot mathematically cancel the destruction of
a watershed; rising revenue cannot reverse an irreversible species loss. Indeed, the triple-bottom-line metaphor
becomes misleading if managers report unrelated good news under three headings while omitting the underlying
conflict. Dyllick and Hockerts (2002) distinguish efficiency from effectiveness, sufficiency, and equity, while Hahn et
al. (2010) show why genuine sustainability decisions confront trade-offs rather than invariably yielding costless 'win-
win' solutions. The theoretical advance is to recognize minimum non-substitutable safeguards alongside outcomes that
can legitimately be optimized.

31.1.2 Economic explanations: externalities, public goods, and institutional failure

Environmental harm is often an externality because the decision maker does not pay the full marginal social cost of an
activity. If private marginal cost is lower than marginal social cost, unregulated output may exceed the socially
efficient quantity. Corrective mechanisms may include performance standards, pollution charges, tradable permits,
liability, disclosure, contracts, cooperative rules, and protection of common resources. Such instruments differ in
informational burden, distributive consequences, enforceability, and institutional credibility. The textbook prescription
to 'price pollution' assumes that effects, rights, administrative capability, and appropriate prices can be established. It
may be inadequate where damage is irreversible, victims lack bargaining power, ecosystems have thresholds, or
pollution measurements are uncertain (Nordhaus, 2017; Ostrom, 2009).

A stylized expression clarifies the divergence: MSC(q) = MPC(q) + MEC(q), where MSC is marginal social cost,
MPC private marginal cost, MEC uncompensated marginal external cost, and q output. This is a conceptual
decomposition, not a claim that MEC is reliably observable. The social cost of carbon, for example, varies with
climate assumptions, discounting, damage functions, treatment of inequality, and policy purpose. A company may
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apply an internal shadow price to carbon for investment screening without implying that the selected price is a verified
measure of universal climate damage. Precaution and enforceable minimum standards may therefore be preferable to
treating all harm as a compensable financial expense.

31.1.3 Stakeholders, capabilities, and enterprise purpose

Stakeholder theory extends attention beyond capital providers to workers, customers, suppliers, communities,
governments, and others who can affect or are affected by enterprise activity (Freeman, 1984). Its strength is to reveal
dependence and responsibility that do not appear on the balance sheet. Its difficulty is adjudication: a stakeholder
inventory does not determine whose claims prevail when legitimate interests conflict. The natural-resource-based view
likewise argues that pollution prevention, product stewardship, and sustainable development may cultivate valuable
organizational capabilities, while remaining conditional on market and institutional settings (Hart, 1995). Porter and
van der Linde (1995) maintain that suitably designed regulation can stimulate innovation and resource productivity,
but the possibility of innovation offsets should not be confused with a universal empirical guarantee that stricter
regulation always increases profits.

Enterprise purpose can consequently be specified as a constrained, plural commitment: deliver economically viable
goods or services, respect enforceable rights, maintain essential environmental and social conditions, and transparently
justify consequential trade-offs. Financial survival is necessary for continued operation but not sufficient as a moral
criterion; environmental ambition is important but does not excuse wage abuse or neglect of food safety. Governance
must make the boundaries concrete through board-approved commitments, resource allocation, procurement
requirements, employee participation, corrective action, and external accountability. Chapter 8 established the
allocation of authority; sustainability asks what that authority owes to people and places often excluded from ordinary
corporate deliberation.

Table 31.1. Four analytical lenses for evaluating a sustainability decision

Lens Principal question Explanatory advantage Main limitation Management implication
. Which social costs or . . . Valuation and Estimate exposures; observe
Externality . Makes incentive and policy e .
. benefits are absent from . . distribution are hard legal and ecological
economics . . failure explicit ;
private prices? contested constraints
Whose legitimate . Does not Document participation,
. Reveals hidden . .
Stakeholder theory interests and power are automatically settle  remedies, and affected

Natural-resource-
based view

Ecological/strong
sustainability

affected?

Which environmental
capabilities can improve
strategic position?

Which functions and
thresholds cannot safely
be substituted?

dependencies and conflicts

Connects stewardship to
technology and
organizational learning

Recognizes irreversible,
systemic loss

conflicting claims

Advantage is
contingent; not all
safeguards pay for
themselves

Local thresholds
and attribution may
be uncertain

groups

Invest in prevention and
capabilities without
assuming win-win

Apply precaution, location-
specific data, and minimum
safeguards

Note. Analytical synthesis informed by Freeman (1984), Hart (1995), Dyllick and Hockerts (2002), Ostrom (2009), and Richardson et al.
(2023); the matrix is original and not an empirically validated taxonomy.

31.1.4 Competing philosophical accounts of obligation and substitution

Corporate sustainability involves a philosophical dispute about what an enterprise may legitimately exchange for
what. A conventional welfare-economic perspective evaluates policies through aggregate costs and benefits, provided
external effects, discount rates and distributional weights can be justified. An ecological-limits perspective places
greater weight on thresholds beyond which damage may be irreversible or poorly understood. A rights-oriented
account asks whether certain harms are prohibited even when aggregate gains appear large. A capabilities perspective
asks what affected people can actually be and do, which cannot be read from average income or the willingness to pay
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of those with greater purchasing power. These approaches often illuminate different aspects of the same decision;
none supplies an automatic algorithm for resolving all conflicts.

The philosophical difficulty is acute in intergenerational choice. Discounting future monetary costs can be analytically
legitimate when it reflects time preferences, opportunity costs and risk, but a high discount rate can make severe
harms to distant populations look negligible. Conversely, assigning a zero social discount rate to every uncertain
outcome can obscure the scarcity and opportunity costs of present poverty reduction and adaptation investment. An
ethically defensible enterprise therefore distinguishes financial project discounting from the separate judgment that an
irreversible loss may be unacceptable. The latter cannot be solved by adding an arbitrary 'nature premium' to cash
flow. It requires transparent thresholds, precaution calibrated to the severity of harm, participation by affected people,
and evidence of whether an alternative could meet the service need with lower burdens (Schlosberg, 2004; Ostrom,
2009).

The position developed here is neither that all environmental values should be priced nor that economic feasibility is
irrelevant. Rather, business decisions should proceed through ordered tests: first, satisfy law, safety and substantiated
minimum safeguards; second, examine whether the service can be delivered with less demand for scarce resources or
harmful outputs; third, appraise feasible alternatives financially and operationally; and fourth, explain residual trade-
offs and provide accessible remedy. This is a normative decision rule advanced for scrutiny, not an asserted universal
legal test or an empirically validated theory of corporate purpose.

31.2 ECOLOGICAL CONSTRAINTS AND MATERIALITY

31.2.1 Natural systems as productive conditions, not free inputs

A manufacturing business uses energy and materials, but it also depends on functioning soils, reliable rainfall, flood
regulation, waste-assimilation capacity, biodiversity, and stable public infrastructure. A bank's direct energy footprint
may be modest compared with the environmental exposures of its lending portfolio; an agricultural processor's factory
emissions may be smaller than land-use and fertilizer impacts upstream. Resource extraction, transport, consumption,
and disposal distribute environmental burdens across time and location. Consequently, the legal or accounting
boundary of the firm is rarely the adequate boundary for environmental analysis. The planetary-boundaries framework
assesses large-scale Earth-system processes and documents the transgression of six of nine boundaries in its 2023
assessment (Richardson et al., 2023). It is a warning about systemic conditions, not a ready-made allocation of a
specific tonnage or water quota to an individual firm.

31.2.2 Ecological scarcity and the meaning of materiality

Scarcity must be understood ecologically as well as commercially. A material may be inexpensive because
environmental costs are excluded, while a scarce ecosystem service may lack a market price entirely. Physical water
withdrawal does not necessarily equal water scarcity: withdrawing a cubic metre from a water-stressed basin can carry
different consequences from withdrawal where supply is secure and discharge is responsibly treated. Likewise,
aggregate energy consumption says little about the energy source, local pollution, intermittency, or resource access.
Materiality therefore depends on magnitude, likelihood, reversibility, affected population, location, and value-chain
position. A low-probability severe hazard may warrant attention even when it is not financially large in the current
reporting period.

Financial materiality examines whether sustainability-related risks and opportunities could reasonably affect enterprise
prospects, particularly cash flows and access to capital (International Sustainability Standards Board [ISSB], 2023a).
Impact materiality asks how the organization affects economy, environment, and people, including impacts not yet
financially transmitted to the firm (GRI, 2021). A double-materiality approach considers both. These are perspectives
on relevance, not independent scientific proof that an impact occurred. Selecting material issues requires documented
boundaries, evidence, consultation, review criteria, and openness to disputed judgments.

SIXBERT SANGWA | 6



THE BUSINESS ENTERPRISE | CHAPTER 31

31.2.3 Life-cycle thinking and functional equivalence

Life-cycle assessment (LCA) considers the potential environmental burdens of a defined product system over a
specified series of stages: raw-material acquisition, manufacture, distribution, use, recovery, and final treatment. 1ISO
14040:2006 establishes the broad principles and 1ISO 14044:2006 provides requirements and guidance for goal and
scope, inventory, impact assessment, interpretation, and review (International Organization for Standardization [ISO],
20064, 2006b). In any meaningful comparison, the functional unit must represent equivalent service, such as 100,000
safe one-litre beverage deliveries,' not merely ‘one empty bottle." The reference flow states how many bottles, washes,
deliveries, and replacements are needed to provide that service.

LCA is an assessment framework rather than a machine that produces a single indisputable number. Results depend on
system boundaries; allocation of shared processes; local electricity, transport, and treatment assumptions; the intended
lifetime; actual reuse or recycling; choice of impact methods; and primary versus secondary data (Rebitzer et al.,
2004). Allocation and avoided-burden credits can reverse apparently obvious rankings. Comparing two alternatives
requires a common functional unit, consistent boundaries, relevant location-specific assumptions, plausible
counterfactuals, sensitivity analysis, and independent critical review when comparative environmental claims are
publicly disclosed and applicable standards require it. It is particularly important not to present an illustrative carbon-
only exercise as a complete multicategory LCA.

31.2.4 Biodiversity, pollution, and ecological dependencies

Biodiversity concerns genetic, species, and ecosystem diversity; its effects cannot be reduced to carbon dioxide
equivalents. Deforestation, habitat fragmentation, fertilizer runoff, pesticide toxicity, water abstraction, and invasive
species may produce local and cumulative harms while leaving a carbon inventory nearly unchanged. Pollutants differ
in persistence, toxicity, exposure pathways, and affected groups. A manufacturing firm should therefore inventory
environmental aspects (sources of interaction, such as wastewater discharge) and impacts (the resulting changes, such
as reduced water quality), then prioritize action using site-specific evidence. The Taskforce on Nature-related
Financial Disclosures' LEAP approach begins by locating interfaces with nature and evaluating dependencies and
impacts before considering risks and responses (Taskforce on Nature-related Financial Disclosures [TNFD], 2026).
LEAP is guidance, not proof of ecological improvement or universally binding law.

31.2.5 From global ecological boundaries to local enterprise decisions

The planetary-boundaries literature is useful because it warns that aggregate physical pressures can undermine the
conditions on which economic systems depend. It does not follow, however, that a global threshold can be divided
mechanically by the number of firms, their revenues, or their emissions. Corporate allocation would require defensible
principles of responsibility, historical contribution, needs, technological feasibility and fairness, as well as a credible
spatial or sectoral downscaling method. A company's claim to operate ‘within planetary boundaries' thus requires
much more than attaching a global diagram to a sustainability report. A locally important hazard, such as
contaminated groundwater, may also deserve immediate prevention even where its contribution to a global boundary
is not readily measurable.

A practical materiality assessment should therefore combine geographical screening with the enterprise's own physical
flows. Its first map locates sites, inputs and affected ecosystems. Its second records withdrawals, transformations,
releases, transport and post-use flows, using explicit mass or energy balances. Its third examines dependence and
exposure: whether a drought, erosion event, supply restriction or community complaint could interrupt the operating
model. Its fourth tests whose interests and rights may be neglected by a narrowly financial screen. The resulting
priorities remain open to revision because evidence about local water scarcity, occupational toxicity or cumulative
pollution may change the risk ranking without materially changing current-period revenue. This multidimensional
approach is consistent with the need for specific, contextual analysis identified by Ostrom (2009) and with the
systemic warnings in Richardson et al. (2023).
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31.3 CLIMATE-RELATED BUSINESS RISK

31.3.1 Physical, transition, and liability pathways

Climate change reaches an enterprise through acute physical hazards (flood, storm, heat event), chronic physical
changes (temperature, rainfall patterns, water stress), transition developments (carbon-related regulation, energy
technology, customer preference, financing conditions), and potential legal or reputational consequences. Exposure
must be located within actual assets, contracts, employees, suppliers, customers, and transport routes. The IPCC
(2023) supports the significance of climate hazards and unequal vulnerability, but enterprise-level losses require much
more granular data. A multinational with geographically diversified facilities, a rain-dependent Rwandan cooperative,
and a Kigali retailer relying on one road corridor do not share the same vulnerability profile.

Physical hazard is not the same as risk. A useful causal sequence is hazard -> asset or activity exposure ->
vulnerability or adaptive capacity -> possible disruption -> financial and human consequences. Flood maps alone
cannot establish expected loss if elevations, protection, inventories, downtime, insurance terms, and recovery
arrangements are unknown. A climate-risk register should make these links explicit, identify their evidence, consider
interacting risks, and distinguish present observations from scenarios. Detailed enterprise risk-scoring and crisis
governance will be treated in Chapter 32; here the focus is how changing climatic and policy conditions alter the
sustainability of business models and investments.

31.3.2 Mitigation, adaptation, and maladaptation

Mitigation reduces greenhouse-gas emissions or enhances removals; adaptation adjusts systems to actual or expected
climatic conditions and their effects. A solar-powered irrigation project may reduce reliance on fossil fuel but increase
water abstraction if cheap pumping encourages overuse. Flood protection around one facility may displace runoff into
a neighbouring settlement. A heat-resilience plan that protects equipment but neglects outdoor workers can be
technically impressive and socially deficient. These are examples of maladaptation, where an apparently protective
response increases vulnerability or redistributes harm. A credible adaptation decision must therefore consider basin-
level resources, community effects, maintenance, gendered exposure, and future climate uncertainty, not simply
engineering performance.

The UNEP (2025) Adaptation Gap Report estimates developing-country annual adaptation finance needs by 2035 at
approximately USD 310 billion on modelled costs, or USD 365 billion on extrapolated planning needs, against USD
26 billion in international public adaptation finance in 2023. Those differently defined estimates illustrate a financing
gap rather than a directly measurable borrowing requirement for Rwandan firms. They also underscore the distributive
problem of asking highly exposed low-income economies to finance adaptation mainly through additional debt. For
managers, adaptation is not an optional supplement to greenhouse-gas inventories; it can determine whether
production systems, livelihoods, and value-chain relationships remain viable.

31.3.3 Climate scenarios and disciplined uncertainty

Scenario analysis is not a probability forecast. It asks whether decisions remain plausible under internally coherent
futures, such as higher heat and variable rain, tighter material regulations, an accelerated clean-energy transition, or
delayed transition with severe physical impacts. A minimum stress test specifies time horizon, affected variables,
interdependencies, thresholds, and management options. For example, an agribusiness may examine whether a 15%
reduction in annual output combined with longer lead times would breach debt covenants or force damaging
procurement practices. The 15% is an illustrative stress assumption, not a predicted climate effect. Responses may
include water-use efficiency, diversified sourcing, supplier development, weather information, storage, crop
adaptation, cash buffers, and worker protection. Their merits depend on avoided losses, implementation cost,
affordability, and the possibility of shifting risks to others.
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31.3.4 Translating climate analysis into contingent investment choices

A rigorous enterprise climate assessment distinguishes exposure mapping from loss estimation and from investment
appraisal. An observed hazard frequency is not necessarily the frequency of business interruption; an interruption does
not entail the same loss for all enterprises; and adaptation expenditures do not invariably reduce vulnerability. A
useful appraisal records the climate variable, the exposed asset or process, the hypothesized physical mechanism, the
financial and social consequences, the assumed response, and the observation that would falsify the hypothesis. It then
compares a 'no additional action' counterfactual with technically feasible interventions across several credible climate
and economic conditions. For example, a Rwandan agri-processor considering water storage should examine both
drought continuity and downstream access, land-use permissions, water quality, asset maintenance, and seasonal cash
flows.

The reason for resisting deterministic forecasting is not a lack of analytical ambition. Long-lived projects face deep
uncertainty about rainfall distributions, technology, customer adaptation, public investment and external financing.
Under those conditions, phased commitments, modular infrastructure and periodic redesign may possess option value
that a single expected-NPV estimate understates. Nevertheless, the case for flexibility must be demonstrated through
the costs of delay, failure modes and the realistic reversibility of the choice. Chapter 24 develops financial option logic
and Chapter 32 develops enterprise-wide continuity techniques; the sustainability-specific requirement is to keep
ecological and distributive consequences visible even when private losses seem manageable.

31.4 ENVIRONMENTAL MANAGEMENT IN OPERATIONS

31.4.1 From policy statements to controlled operating systems

Environmental responsibility becomes operational when the organization can identify significant impacts, set
measurable objectives, allocate decision rights, comply with applicable obligations, monitor outcomes, correct
nonconformities, and revise inadequate practices. 1SO 14001:2026, the fourth edition published in April 2026,
establishes requirements for environmental management systems (EMS) and replaces 1SO 14001:2015 (1SO, 2026a).
Its practical logic encompasses organizational context, leadership, planning, support, operation, performance
evaluation, and improvement. Certification can attest to specified management-system conformity within its audited
scope; it does not certify zero pollution, universal legal compliance, or superior ecological outcomes in every context.
ISO 14001 sets no universal organization-wide environmental performance thresholds (1SO, 2026a).

The first management decision is to define the boundaries of control and influence. A Kigali processor directly
controls process-water use but may only influence upstream farming practices through contracts, technical assistance,
or purchasing incentives. It may control its own waste sorting but depend on municipal and private waste-processing
infrastructure. A sensible EMS therefore links operating procedures to critical aspects, required permits, receiving-
water or air conditions, emergency preparedness, and demonstrable monitoring. Small enterprises can implement
proportionate versions without investing immediately in complex certification systems.

31.4.2 Energy, water, materials, and waste

Energy management begins with a dependable meter and production denominator. An energy-efficiency indicator is
energy intensity = total energy consumed / functional output, with units such as kWh per safe finished litre. Lower
intensity may indicate genuine efficiency, but absolute energy use, production mix, weather, and energy quality must
also be reported. Water management distinguishes withdrawal, consumption, discharge, quality, basin exposure, and
replenishment claims; reusing contaminated process water without appropriate treatment may worsen rather than
improve environmental performance. Materials accounting balances inflow, product, by-products, loss, and stocks so
that waste reductions cannot be asserted simply because disposal documentation is absent.

The practical waste hierarchy begins with avoidance and resource-efficient design, then considers safe reuse and
repair, recycling, recovery, and responsible final treatment, in accordance with applicable local rules. Waste-to-energy
or recycling may be preferable to uncontrolled disposal but often preserves less embedded value than preventing the
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waste in the first place. Mixed or contaminated streams can make theoretical recycling rates commercially
meaningless. Operations managers should therefore trace actual mass transfers to authorized treatment, document
rejected material, and test the economic and environmental consequences of sorting and collection choices. Cost
accounting is indispensable here: a unit of process waste carries embedded material, labour, energy, disposal, and lost
sale value, not merely a gate fee.

31.4.3 Procurement, occupational safety, and management accountability

Supplier specifications convert environmental intentions into external commitments. They may require evidence of
materials composition, water practices, restricted substances, worker safety, traceability, packaging recovery, or
disposal routes. Yet requirements must be proportionate to supplier capacity and purchasing volume. A small farmer
cannot necessarily absorb the reporting costs imposed by a distant buyer; a responsible procurer may need to finance
training, staged compliance, or shared verification. Equally, substituting chemicals can move hazards from the
environment to workers, making occupational health and environmental controls jointly relevant. The enterprise must
retain a grievance route for workers and affected neighbours, investigate incidents, and document corrections. A
functioning EMS is a process for uncovering inconvenient evidence, not a mechanism for improving the appearance of
reports.

Table 31.2. Environmental management control register for an enterprise

{16 Operational . . .
Aspect and potential impact p Control owner Review and escalation trigger
evidence
. Meter, fuel invoices, . . . .
Electricity and fuel roduction logs Operations with Abnormal energy per unit or unexplained
consumption; emissions P 8S, finance data gaps

documented factors

Meter, treatment logs,

Process-water withdrawal and .
laboratory evidence Plant manager

Exceedance of applicable permit or quality

effluent . condition
where required
Input-output balance, . .. .
. p. ) P Production and Rising loss, untraced waste, rejected
Materials loss and unsafe waste  verified transfer .
logistics treatment

records

Contract clauses, risk

. . . . Serious nonconformity or withheld
Supplier-related impacts evidence, supplier Procurement

L information
remediation log
. Incident register, . - .
Worker and community . HR, safety, Serious incident, repeated complaint,
worker input, X . .
exposure community lead ineffective remedy

grievance records

Note. Original operational instrument derived from the EMS logic in ISO 14001:2026 and life-cycle considerations in 1SO 14040/14044.
Local permit requirements must be established separately; no row constitutes legal advice.

31.4.4 Implementation maturity, control failure, and verification

An environmental management system should be evaluated along three independent dimensions. Design adequacy
asks whether significant aspects have been identified, responsibilities allocated and controls specified. Operating
effectiveness asks whether procedures are followed, data are complete and exceptions are addressed. Environmental
effectiveness asks whether the controls actually reduce the relevant burden without creating more serious adverse
consequences elsewhere. Certification may inform the first two questions within its accredited scope, but the third
requires outcome measurement and an appropriate counterfactual. An organization can have complete manuals and yet
repeatedly exceed discharge limits; another may prevent important waste with simple controls but lack the resources
to purchase third-party certification. These are analytically different states.
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The appropriate architecture for a resource-constrained SME is often deliberately lean. It may begin with a dated
aspects-and-obligations register, meter or stock reconciliation, a one-page incident pathway, documented supplier
conditions, and an independent review of critical indicators. More complex enterprises may require calibrated
instrumentation, accredited laboratory testing, internal audits, formally controlled procedures and board-level
escalation. In both cases, management should distinguish nonconformity (a breached requirement), incident (an
undesirable event), cause (an empirically supported mechanism) and corrective action (a change intended to prevent
recurrence). Merely reclassifying an untraced waste stream as ‘recovered' is not improvement. The proper response is
to trace the material, resolve the data gap, determine whether harm occurred and document the remedy.

31.5 CIRCULAR ECONOMY PRINCIPLES

31.5.1 Historical origins and conceptual disagreements

Industrial ecology emerged from recognition that industrial systems could learn from material interdependence in
ecosystems, where outputs from one process can become inputs to another (Frosch & Gallopoulos, 1989). Earlier
resource-conservation and product-life-extension ideas subsequently converged with business-model research and
policy interest in a circular economy. Yet ‘circular' has no single uncontested operational meaning. Kirchherr et al.
(2017), analysing 114 definitions, find substantial differences in emphasis, with recycling and economic prosperity
often more visible than social equity. Geissdoerfer et al. (2017) distinguish circularity from sustainability and show
that their relationship is not automatic. This matters because a firm may recover materials while increasing hazardous
exposure, or prolong product use while expanding total consumption.

A circular economy is best treated as a design and coordination approach that seeks to reduce virgin-resource
dependence, preserve product and material value, minimize avoidable waste, and recover useful functions within
physical and institutional limits. It is a possible contributor to sustainability, not a substitute for environmental impact
assessment or social justice. The term should not be confused with a perpetual-motion economy: thermodynamics,
contamination, mixing, wear, and energy requirements constrain recovery. Korhonen et al. (2018) identify limitations
arising from physical, spatial, temporal, governance, and system-boundary considerations. An honest business account
must therefore follow both retained value and residual losses.

31.5.2 Narrowing, slowing, closing, and regenerating flows

Bocken et al. (2016) distinguish narrowing resource loops (using fewer resources per unit of service), slowing them
(extending useful product life through durability, maintenance, repair, and reuse), and closing them (returning
materials to productive use through recycling or recovery). To these distinctions, contemporary circular-economy
practice often adds regenerative approaches that aim to improve the functioning of biological systems, where
scientifically and contextually justified. These strategies require different competencies. Narrowing may require
process redesign and material substitution; slowing requires spare parts, repair skill, customer access, safe inspection,
and product ownership arrangements; closing requires separation, reverse logistics, quality standards, and markets for
secondary material.

There is no universal environmental hierarchy across all products. For some highly energy-intensive appliances,
prolonging use without replacing an extremely inefficient model may not minimize total impact. Reuse of a heavy
container can generate additional transport and cleaning burdens, and hazardous material should not be repeatedly
circulated merely to maximize recycled content. Accordingly, the correct comparison is against a specified alternative
that provides the same service and meets the same safety and quality requirements. Avoidance and dematerialization
frequently merit examination before investment in complex recovery technologies.

31.5.3 Circular business-model architecture

Circularity becomes an enterprise business model when the organization defines how value is offered, created,
delivered, captured, and recovered across repeated product cycles. Distinct arrangements include retained ownership
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with pay-per-use contracts; maintenance and repair services; return-and-refill systems; refurbishment and
remanufacturing; secondary-product resale; industrial by-product exchanges; and renewable biological loops where
safe and appropriate. Each changes contractual obligations, revenue timing, inventory ownership, customer behaviour,
working capital, and supplier coordination. Product-as-a-service can create incentives for durability because the
provider retains residual-value exposure, yet may also increase surveillance, create opaque contracts, or exclude
lower-income customers through deposits and recurring charges.

The commercial calculation should connect functional output and lifetime value rather than simply total units sold.
Consider reusable packaging: a reduction in packaging purchased per sale creates value only if enough containers
return, washing is safe, collection density is adequate, and recovery costs are lower than avoided purchases and
disposal. A firm should therefore distinguish gross returns, effective reuse cycles, losses, breakage, customer deposit
liabilities, unusable returns, and marginal collection costs. A circular revenue model may improve unit economics yet
worsen liquidity in its initial growth phase because the organization buys durable assets before receiving repeated
service payments.

31.5.4 Rebound, displacement, and distributional limits

Relative efficiency gains can be partly or wholly offset if lower costs generate additional consumption, if saved
income is spent on other resource-intensive goods, or if secondary resources merely supplement rather than displace
virgin production. This is the rebound problem. Its existence does not imply that efficiency is futile; it means that
environmental claims require evidence of net and preferably absolute outcomes (Wiedmann et al., 2020). A recycling
facility can report impressive throughput while absolute waste generation rises. A rental platform can increase asset
utilization but also induce additional deliveries or discretionary consumption. Circularity indicators should therefore
be paired with absolute virgin-input, energy, pollution, and material-footprint trends.

Social distribution also matters. Formal collection schemes can displace informal recyclers, impose unpaid sorting
duties on households, or transfer volatile scrap-price risk to vulnerable workers. Conversely, thoughtfully designed
systems may improve earnings, safety, urban cleanliness, and access to products. These alternative consequences
should be investigated rather than assumed. Circularity is credible when physical flows, economic viability, product
safety, and distribution of costs and benefits remain visible together.

31.5.5 The circular rebound problem and the test of displacement

A distinctive methodological difficulty is that a recovered unit is not necessarily a unit of virgin production avoided. A
refurbished device may reach an additional customer who would not otherwise have purchased a new device; reused
packaging may reduce purchases of virgin packaging while making distribution cheaper and expanding sales; and
secondary-material markets may supplement rather than replace primary supply. Zink and Geyer (2017) characterize
this as circular economy rebound: the environmental gain depends not only on the intensity of secondary production
but also on demand and substitution responses. Their argument challenges the presumption that every physical loop
has a proportionate environmental dividend, but it does not imply that recovery should be abandoned.

One way to expose this issue is to distinguish technical recovery from effective displacement. If a programme
recovers 100 tonnes of material but, after adjustment for quality and market responses, displaces only 55 tonnes of
otherwise new production, the 45-tonne difference is not automatically ‘waste'; it represents a difference between flow
recovery and counterfactual virgin-input avoidance. The 55-tonne quantity is a hypothetical illustration, not an
observed recovery coefficient. Evaluation should state the competing supply route, product grade, marginal
substitution assumptions, displaced use, market leakage and post-use fate. A robust circular strategy prioritizes
demonstrated service substitution and absolute impact reduction instead of counting loops alone.

31.5.6 Designing an auditable recovery system

A viable recovery model begins with explicit ownership and responsibility for the asset at each stage of its life. The
customer may purchase a container outright, hold it subject to a refundable deposit, lease it, or merely receive the
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product in a supplier-owned vessel. These distinctions affect the incentive to return, the right to inspect or replace,
who bears accidental breakage, when a payment becomes a liability, and whether the provider can maintain sufficient
stock without destabilizing cash flow. A technically attractive circular design can fail if the contract makes returns
inconvenient, places disproportionate unpaid work on customers, or leaves no actor responsible for rejected materials.

Operations management must convert a promised reuse rate into a measured cohort history. An identifiable cohort of
containers should be traced through issue, return, inspection, safe reuse, rejection and terminal recovery, with elapsed
time and physical stock reconciled. Management should record both the fraction returned and the count of safe,
completed services because a high return percentage does not ensure adequate usable life. The decision should also
account for route density, washing energy, sanitary water quality, storage, breakage, customer access and deposit-
accounting obligations. A system that cannot document its loss rate or reconcile the bottles physically circulating
cannot credibly forecast either its capital requirement or its life-cycle benefit. These controls prepare the analytical
ground for the explicit Rwandan packaging case in Section 31.13.

Figure 31.1. Enterprise life-cycle and circular decision architecture

PRIMARY PRODUCT AND SERVICE FLOW
RAW MAKE / USE / END OF
{ INPUTS ]"L PROCESS J*&'STR'BUTE"" SERVICE J"L USE J

CONDITIONAL POST-USE PATHWAYS

RECYCLE / < REPAIR / - SORT / INSPECT
TREAT SAFELY REUSE SAFELY AND VERIFY

At every stage: quantify residual losses, resource inputs, verified displacement and human consequences

Note. Original conceptual synthesis informed by 1ISO 14040/14044, Bocken et al. (2016), and Korhonen et al. (2018). Solid connections
represent physical flows; feedback and recovery opportunities are conditional. They are not claims that every item can be repeatedly
cycled without losses.

31.6 SUSTAINABLE PRODUCT AND SUPPLY-CHAIN DESIGN

31.6.1 Product architecture and decisions locked in early

Many environmental consequences become difficult to change after material selection, product architecture, supplier
configuration, and maintenance requirements have been fixed. Design for environment therefore begins with a clear
service requirement, not with a preferred eco-label. The team must consider product function, expected use, durability,
modularity, reparability, toxicity, recyclability, process energy, water requirements, spare parts, and end-of-life
arrangements. A lighter product may reduce transportation burdens but fail sooner; easily recyclable packaging may
protect food poorly and raise spoilage; biodegradable material may not degrade under actual disposal conditions. A
disciplined comparison makes each potential trade-off explicit.

Life-cycle design should incorporate screening LCA early and more detailed assessments when major decisions or
public claims warrant it. Screening is valuable for locating likely hotspots, but estimates from generic databases
should not be represented as site-verified emissions. Improvement proposals should specify baseline function,
reference period, expected service life, material yields, recovery rate, relevant impact categories, uncertainty bands,
and responsible owner. A product-design review can prohibit known hazardous substances, require regulatory
approvals, and assess access for low-income users before it proceeds to cost optimization. The decision should be
revisited when field performance contradicts design assumptions.
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31.6.2 Sustainable procurement and chain-of-custody integrity

Sustainable supply management integrates environmental and social requirements into need definition, supplier
development, selection, contracts, payment, monitoring, and remedy. Its greatest challenge is often not writing a code
of conduct but establishing what the buyer can know about farm, mine, factory, subcontractor, transporter, or recycler
conditions. Traceability records an item's or batch's movement; it does not by itself prove compliance or absence of
harm. Certificates can help if their scope, issuing body, surveillance, and chain-of-custody arrangements are
appropriate; they can also produce false confidence when applied to the wrong product, geography, or time period.
Digitized records may be accurate copies of inaccurate original declarations.

A risk-proportionate approach distinguishes ordinary evidence gaps from credible indications of severe human or
ecological harm. Higher-risk materials or suppliers warrant more intensive verification, independently obtained
evidence where feasible, corrective action, and supplier engagement. Abrupt termination may worsen workers'
conditions, while indefinitely tolerating dangerous practices undermines accountability. Procurement departments
must coordinate with operations, quality assurance, legal counsel, and financial management to select feasible,
documented remedies. Such coordination is particularly relevant for Rwandan businesses whose farm and SME
suppliers may have limited record-keeping capacity but substantial practical environmental knowledge.

31.6.3 Extended producer responsibility and recovery infrastructure

Extended producer responsibility (EPR) shifts designated post-consumer management duties toward producers under
applicable legal arrangements. It may fund collection and incentivize design changes, but legal requirements vary by
jurisdiction and product class. Enterprises must verify actual Rwandan obligations, licences, exceptions, and sector-
specific rules rather than presume a European EPR regime automatically applies. In a circular system, recovery
infrastructure must be designed physically and contractually: drop-off or collection sites, ownership of returned
products, reverse transport, sorting, sanitation, rejection criteria, material markets, and final-disposal safeguards. A
system that cannot record the final destination of non-reusable material should not claim a closed loop.

The institutional design of extended producer responsibility deserves particularly careful attention. A fee paid to a
compliance scheme is a financial transaction; it is not by itself evidence that the specific packaging sold by the
enterprise was collected or treated safely. Producers should distinguish legal registration and fee obligations from
verified take-back, treatment capacity and actual material recovery. Poorly structured fees can discourage lightweight
or refillable designs, whereas differentiated contributions aligned with life-cycle burdens may strengthen design
incentives. However, credible differentiation requires reliable composition information, enforcement and protection
against false declarations. The most consequential design question is who has practical authority to collect, sort,
finance, inspect and remedy discarded products after ownership has passed through distributors and consumers
(Seuring & Muiller, 2008).

For Rwandan exporters, the European Union's Packaging and Packaging Waste Regulation, Regulation (EU) 2025/40,
is a concrete comparator. Its general application began on 12 August 2026, while individual obligations and delegated
requirements have distinct implementation schedules. The measure governs packaging placed on the EU market
subject to its terms; it does not directly transform Rwanda's domestic packaging rules. It nevertheless illustrates why
product architecture and traceability can acquire market-access relevance when a destination jurisdiction regulates not
only waste disposal but also packaging composition, reuse, labelling and design. A firm should examine its exact
operator role and product category rather than infer compliance from a generic recycling certificate (European
Parliament & Council of the European Union, 2025).

31.6.4 International comparison and applicability

International regulations provide valuable comparative principles but not a universal compliance checklist. European
consumer and sustainability law increasingly scrutinizes broad environmental assertions and establishes more explicit
disclosure and substantiation expectations; these may affect Rwandan exporters through contractual requirements even
where the EU directives do not directly regulate the Rwandan enterprise as a domestic legal person (European
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Parliament & Council of the European Union, 2024, 2026). Imported sustainability protocols should be assessed for
data costs, capacity, fairness, and product-market relevance. For example, a traceability system useful for an
international coffee buyer may have different economics from a similar system for a local market vendor. The
practical goal is comparable evidence and defensible supply-chain performance, not regulatory imitation for its own
sake.

31.7 CORPORATE RESPONSIBILITY AND SOCIAL IMPACTS

31.7.1 Environmental decisions are distributive decisions

The costs of pollution and climate change are unequally borne. Exposure differs by income, occupation, age,
disability, land tenure, geography, and bargaining power. A factory's water-saving intervention may reduce its utility
bill while restricting access for neighbouring users; a more expensive energy transition may affect low-income
consumers through prices; a waste-separation programme may improve neighbourhood cleanliness but shift
uncompensated labour to women and children. Sustainability analysis therefore requires a social baseline and attention
to who gains, who pays, who is consulted, and who has access to remedy. An average financial benefit can conceal
unacceptable localized harm.

Stakeholder engagement is a method of inquiry and accountability, not a public-relations event. Consultation should
begin before consequential design choices are fixed; identify affected people who are not represented by powerful
intermediaries; make material information understandable; allow credible disagreement; and document how concerns
changed decisions. The organization should establish non-retaliatory grievance mechanisms and a procedure for
reviewing disputed impacts. These features matter especially where employment is informal or where rural suppliers
have limited leverage against buyers. Chapters 9-12 and 33 provide fuller treatment of workforce relations and ethical
theory; this section concentrates on the social consequences of environmental and circular decisions.

Schlosberg's (2004) account of environmental justice helps clarify why distributional averages are insufficient.
Environmental justice includes distribution, referring to who receives benefits and bears risks; recognition, referring
to whose identity, experience and vulnerability are taken seriously; and participation, referring to meaningful
influence over decisions. These elements can fail separately. A factory may distribute financial compensation while
refusing to disclose the nature of contamination; a consultation can be procedurally impeccable while management
ignores harms to workers without formal contracts; a recycling project can create jobs but reserve higher-value parts
of the value chain for already powerful operators. These are not resolved by reporting a single number of
'beneficiaries".

A practical impact inquiry traces the pathway from enterprise action to the affected group. For a proposed community
water project, the relevant chain includes the source and seasonality of withdrawals, rights of existing users, expected
changes in water quality and travel time, the mechanism by which benefits reach households, and the grievance route
if impacts differ from projections. Sex, age, disability, income and occupational status may be relevant where they
plausibly modify exposure or bargaining power, but data collection must remain proportionate and privacy-respecting.
The enterprise should not assume the willingness to pay of a low-income household is a neutral proxy for the value of
safe water or the legitimacy of existing use rights.

31.7.2 Just transition, livelihoods, and inclusion

A ‘just transition' concerns the fairness of shifting from environmentally damaging activities toward lower-impact
arrangements. It requires more than announcing future green jobs. Workers may lose existing incomes before new
opportunities become available; skills, location, age, and care responsibilities can obstruct mobility. A durable
transition plan inventories affected tasks and groups, offers consultation and practical training, sets employment and
supplier-adjustment milestones, protects health and safety, and tracks actual transitions rather than merely predicted
job counts. For SMEs, the required support may involve industry associations, cooperatives, public training
institutions, and financial partners rather than extensive internal HR departments.
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The social legitimacy of circular business depends on who controls retained assets and receives residual value. A
repair network could expand access and skilled local work; it could also centralize parts and diagnostic information so
tightly that independent technicians cannot compete. A digital platform that optimizes collection routes could make
incomes less predictable or discriminate against workers with low smartphone access. These outcomes are not
determined by the label 'green’. They arise from property rights, contracting, technological choices, market power, and
available redress. A responsible transition evaluates them in advance and monitors them after implementation.

The International Labour Organization's guidelines for a just transition emphasize social dialogue, employment
considerations, skills, social protection and coherent policy rather than assuming that cleaner investment automatically
produces decent work (International Labour Organization [ILO], 2016). In enterprise practice, this means
distinguishing a promise to create 'green jobs' from evidence of employment quality. The transition record should
identify tasks at risk, wages and security of existing workers, the costs and reach of training, access for informal
workers, and the protections attached to any newly created work. A rise in the number of collection contracts can
coexist with worsening income volatility or unsafe handling of glass. Likewise, a small firm's inability to fund a
sophisticated reporting system does not excuse severe safety violations, although it may justify a simpler
implementation route backed by industry or public technical assistance.

Institutional and cultural variation matters in evaluating these arrangements. In a rural cooperative, members may have
both ownership and supplier roles, making consent and bargaining different from a conventional employment
relationship. In an export chain, a buyer's unilateral delivery of strict environmental requirements without longer-term
contracts or technical support may shift the costs of global market access to small suppliers. A just transition therefore
requires scrutiny of buyer power, not merely employee headcount, and meaningful progress should be observed in
income security, safe work and access to remedy rather than inferred from training attendance.

31.7.3 Human dignity, precaution, and intergenerational justice

Intergenerational responsibility is philosophically difficult because future people cannot negotiate present contracts
and uncertainty grows with time. Nevertheless, irreversible harms cannot be ethically dismissed merely because their
victims are not current shareholders. A defensible precautionary approach adjusts the evidentiary threshold to the
seriousness and reversibility of possible harm. It does not require avoiding every uncertain technology or assuming
that environmental protection is costless. It requires explicit comparison of alternative risks, non-negotiable legal
protections, distributive safeguards, and reasons for accepting residual harm. Human dignity also prohibits a narrow
environmentalism that makes communities expendable for an attractive carbon metric. Ethical analysis must be
analytically separate from empirical claims: an observed reduction in emissions is evidence of a physical change, not
conclusive evidence that the intervention was just.

31.8 SUSTAINABILITY MEASUREMENT

31.8.1 Construct validity: measure an impact, not a slogan

Sustainability measurement begins by stating what is being measured, for whom, over which period, and within which
boundary. An indicator is useful if its numerator and denominator correspond to the intended construct and can be
reproduced from credible records. 'Green production' is not an operational definition. Kilowatt-hours consumed, cubic
metres of water withdrawn, kilograms of virgin packaging purchased, tonnes of hazardous waste documented as
treated, and injury rates by hours worked are interpretable indicators when boundaries and measurement arrangements
are disclosed. None alone measures 'total sustainability'. The value of a dashboard lies in making several relevant
outcomes inspectable, including their tensions.

31.8.2 Greenhouse-gas scopes and accounting boundaries

The GHG Protocol distinguishes direct emissions from sources controlled or owned by an organization (Scope 1),
indirect emissions from purchased energy (Scope 2), and other indirect value-chain emissions (Scope 3), subject to the
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accounting rules and organizational boundaries of the applicable standards (World Resources Institute & World
Business Council for Sustainable Development [WRI & WBCSD], 2004, 2011). Scope 3 categories can include
purchased goods, transport, product use, and end-of-life treatment. Scope 3 estimation often relies on supplier
information, activity data, emissions factors, assumptions, and proxy models; apparent precision should not conceal
uncertainty or double counting across organizational reports. A corporate inventory is not interchangeable with a
product LCA, though they can inform one another under carefully aligned methods.

The basic activity equation is E = sum(A_i x EF_i), where E is estimated emissions in a specified period and
boundary, A_i is activity (e.g., litres of fuel or kWh of electricity), and EF_i is an appropriate emissions factor in
consistent units. For illustration only, 20,000 kWh multiplied by an assumed 0.30 kg CO2e/kWh yields 6,000 kg
CO2e. The factor is intentionally synthetic, not an asserted Rwanda electricity-grid factor. Real inventories must
document geography, year, source, emissions factors, greenhouse gases included, global-warming potentials, and the
treatment of missing activity data. A firm should not mix market-based and location-based electricity results without
clear methodological separation.

31.8.3 Intensities, absolutes, and material-flow indicators

Common ratios include energy intensity = kWh / functional unit; water intensity = m3 / functional unit; material yield
= usable output mass / total input mass; recovery rate = mass recovered for defined treatment / eligible mass
generated; and emissions intensity = tCO2e / functional output or economic denominator. Every ratio must state its
denominator. Revenue-based intensities can fall merely because prices rise; production-based intensities can fall while
production expands and absolute pollution increases. A recycling percentage can appear impressive if discarded
products are outside the count. Performance reporting should place absolute impacts alongside relevant intensities and

include mass-balance checks where feasible.

Table 31.3. Environmental and social measurement dashboard with evidence requirements

Indicator

Absolute operational energy

Energy intensity

Direct and purchased-energy
GHG

Material use and yield

Water withdrawal and
discharge

Waste treatment

Reuse effectiveness

Operational
definition and unit

Electricity kWh plus
separately reported
fuels, period-specific

kWh per specified
functional output

Scope 1 and Scope 2
tCO2e, separately
disclosed

Virgin material kg;
usable-product kg /
input kg

m3 by source; quality
and receiving basin
separately

kg by hazard class and
verified destination

Average safe service
cycles and losses per
cohort

Source and
verification

Utility meters and
invoices; reconciling
logs

Meter records
divided by verified
output

Activity records,
factors, boundary
memo

Stores, production
and waste mass
balance

Meters, permits and
treatment tests

Weighbridge and
licensed-transfer
evidence

Serialized return and
inspection records

Interpretation caveat

Do not add unlike energy units without
conversion

Product mix and capacity utilization can
distort trends

Not full value-chain or product footprint

Stock changes and moisture require
reconciliation

Withdrawal is not consumption; scarcity is
location-specific

'Sent for recycling’ does not establish
actual recycling

High nominal collection may conceal
failures or unsafe reuse
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Operational Source and

Indicator . . g e
definition and unit verification

Interpretation caveat

Injury exposure, HR, safety logs and

Worker and community . independently Low complaints may reflect fear, not
complaints resolved, . .

outcomes U accessible grievance  absence of harm
transition livelihoods records

Note. Original metric dictionary aligned conceptually with the GHG Protocol (WRI & WBCSD, 2004, 2011), ISO 14001:2026, and GRI
(2021). Units, boundaries, definitions, frequency, and applicable legal requirements require enterprise-specific specification.

31.8.4 Materiality, uncertainty, and assurance-ready data

Three forms of uncertainty deserve separate treatment. Measurement uncertainty concerns meters, factors, and
sampling; model uncertainty concerns causal or system assumptions such as product lifetime or displaced production;
decision uncertainty concerns future uptake, regulation, weather, prices, and return rates. Reporting 6,000.000 kg
CO2e from approximate activity and generic factors creates false precision. Better practice reports significant figures
consistent with data quality and tests influential assumptions. Where feasible, each reported indicator should have a
named data owner, collection period, source link, version, calculation rule, quality rating, review record, and
correction procedure.

Data quality should be assessed in terms of coverage, completeness, temporal representativeness, geographic
representativeness, technological comparability, verification, and internal consistency. Independent assurance does not
convert bad definitions into good ones. Before commissioning assurance, the enterprise should reconcile its reported
claims to transaction, operational, and supplier records and disclose unresolved limitations. Materiality is revised
when operations or stakeholders change, not permanently settled by the first matrix workshop.

31.8.5 A disciplined source-to-indicator protocol

The practical measurement sequence begins with a decision-relevant claim, not with whatever data a software vendor
can display. For each claim, the enterprise specifies the measurable construct, functional or organizational boundary,
reporting period, unit, baseline, numerator and denominator, responsible owner, source record, calculation procedure,
and plausible sources of omission. It then tests the completeness of the population: purchased energy should reconcile
with meter coverage and bills; production denominators should reconcile with inventory movement; transport activity
should not silently exclude subcontracted routes; and recovered material should have a documented downstream
destination. Where the reporting system depends on supplier estimates, the dataset should identify those estimates
separately from direct observations.

A useful quality test is reperformance: can a competent reviewer independently regenerate the reported result from
retained records and declared factors? Reperformance differs from validity: a faithfully repeated calculation may still
omit a critical emission source, use an inappropriate factor or apply a misleading functional unit. Consequently, the
final review asks not only whether the arithmetic is correct but whether the measure answers the intended
sustainability question. Material changes to definitions or source coverage should trigger recalculation of comparative
periods or explicit explanation of why a consistent series cannot be reconstructed.

31.9 REPORTING, ASSURANCE, AND GREEN-CLAIMS INTEGRITY

31.9.1 Reporting purpose and different materiality logics

The proliferation of sustainability reporting has created a legitimate demand for comparable information, but it has
also encouraged confusion between disclosure and outcomes. A disclosure standard defines information requirements;
a management standard establishes organizational processes; a product-label standard addresses claims about
products; and an assurance engagement evaluates specified assertions against criteria. These objects are not
interchangeable. A firm may produce a report compliant with a framework while its physical impacts worsen, just as
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an enterprise may achieve useful reductions without producing an expensive report. The distinction is particularly
important for smaller Rwandan enterprises, which may face real supplier requests for environmental information
without having the reporting infrastructure of large listed companies.

The Global Reporting Initiative's 2021 Universal Standards, effective for reporting from January 2023, focus on
significant impacts on the economy, environment, and people, including human rights (GRI, 2021). IFRS S1 and IFRS
S2, issued by the International Sustainability Standards Board (ISSB, 2023a, 2023b), focus on sustainability-related
financial information material to users of general-purpose financial reports; the standards are effective for annual
reporting periods beginning on or after 1 January 2024 where adopted or applied. IFRS S2 addresses climate-related
risks and opportunities, governance, strategy, risk management, and metrics and targets. The December 2025
amendments to certain IFRS S2 GHG requirements are effective for annual periods beginning on or after 1 January
2027, with early application permitted (ISSB, 2025). The effective date of a global standard does not itself make that
standard mandatory for every business in every jurisdiction.

The European Union's sustainability-reporting landscape also changed materially in 2026. Directive (EU) 2026/470
amended aspects of the Corporate Sustainability Reporting Directive and corporate sustainability due diligence
requirements. Accurate application therefore requires reviewing the amended legislation, entity thresholds,
implementation dates, national transposition, and any supply-chain consequences instead of reproducing outdated
summaries of the earlier regime (European Parliament & Council of the European Union, 2026). For a Rwandan
enterprise, direct statutory applicability must be checked separately from contractual obligations imposed by an EU
customer or lender. The Taskforce on Nature-related Financial Disclosures' recommendations, updated in October
2026, provide additional voluntary guidance on nature-related dependencies, impacts, risks, and opportunities (TNFD,
2026).

Table 31.4. Reporting and claims instruments: distinct objects of accountability

Instrument

GRI Universal Standards 2021

IFRS S1 and IFRS S2

TNFD recommendations, 2026
update

ISO 14001:2026

ISO 14021:2026

Applicable Rwanda and
destination-market law

Main concern

Significant outward
impacts and their
management

Financially material
sustainability and
climate information

Nature-related
disclosures and LEAP
assessment

Environmental
management-system
processes

Substantiation of self-
declared
environmental claims

Prohibitions, permits,
duties, and remedy

Nature of authority

Reporting standards;
jurisdictional
requirements vary

Standards applied
under jurisdictional
adoption or
voluntary use

Voluntary framework
unless incorporated
into other obligations

Voluntary standard,
with possible
contractual/legal
relevance

Technical standard,
subject to relevant
legal context

Binding within
defined scope and
effective periods

Common misuse to avoid

Claiming a favourable GRI index proves
low impact

Treating 2024 effective date as a universal
legal mandate

Assuming LEAP identifies every site-level
ecological harm

Claiming certification establishes zero
pollution

Calling a product 'eco-friendly' without a
bounded basis

Treating a foreign reporting framework as
domestic law

Note. Prepared from GRI (2021), ISSB (2023a, 2023h, 2025), I1SO (2026a, 2026b), TNFD (2026), and the European Parliament and

Council (2024, 2026). Applicability requires current legal verification.

Reporting also poses a problem of organizational incentives. A target-based reporting regime can encourage genuine
data discipline, yet it can reward selection of favourable indicators, arbitrary boundary changes or the concealment of
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severe but infrequent incidents. Boiral (2013) argues, from a critical analysis of prominent sustainability reports, that
the appearance of comprehensive disclosure can coexist with selective representations of organizational reality. That
argument does not establish that all reporting is deceptive; it exposes the need for meaningful assurance,
independence, worker and community evidence, and governance mechanisms that do not punish the reporting of
adverse outcomes. The institutional objective should be an evidentiary record that can support learning and external
challenge, not an annual narrative insulated from contradiction.

31.9.2 Assurance: what it can and cannot establish

An assurance report should identify the subject matter, criteria, reporting period, organizational boundary, level of
assurance, material limitations, and responsibilities of management and the practitioner. Limited and reasonable
assurance provide different levels of confidence and procedures; neither amounts to a guarantee of future outcomes or
absence of every misstatement. An audit of selected Scope 1 and 2 activity data cannot establish complete value-chain
emissions or prove an organization's positive net impact on biodiversity. Assurance over reported calculations also
cannot resolve an ethically disputed selection of which impacts should have been measured.

A useful assurance-ready evidence chain runs from physical or contractual event to original record, classification,
calculation rule, consolidation, management approval, published assertion, and external review. Every transformation
should be reproducible and, where relevant, reversible through correction. The finance function contributes
reconciliation disciplines; operations supplies meters and production logs; procurement handles supplier evidence;
legal counsel checks regulatory claims; and governance bodies challenge material omissions. A well-designed system
records uncertainty and negative findings rather than rewarding departments only for attractive scores.

31.9.3 Greenwashing and defensible claims

Greenwashing arises when environmental representations are materially misleading, insufficiently supported,
selectively framed, or detached from the actual product or organization. It can occur without an outright false
sentence: an apparently accurate statement about '100% recyclable packaging' may conceal that recovery infrastructure
is unavailable or that the claim applies only to a small component. Relative 'lower carbon' assertions require a
transparent comparator, functional unit, period, boundary, calculation method, and assessment of uncertainty. Broad
labels such as 'green’, 'planet-positive’, or ‘carbon neutral' are especially vulnerable to ambiguous interpretation.
Product claims should be reviewed against 1SO 14021:2026, which replaced the 2016 edition and strengthens the
documented substantiation of self-declared environmental claims (1SO, 2026b).

EU Directive (EU) 2024/825 strengthens consumer protection against specified unfair environmental claims and
applies from September 2026 following its transposition timeline (European Parliament & Council of the European
Union, 2024). It should not be represented as automatically governing every communication originating in Rwanda.
The underlying managerial principle is more general: no enterprise should claim an impact reduction without
establishing a baseline, explaining the comparison, distinguishing measured facts from estimates, and avoiding
material omissions. The 2026 European reforms also illustrate why business reporting systems require legal-change
surveillance rather than reliance on templates purchased years earlier.

Table 31.5. Green-claims verification checklist
Question to be answered before publication Required evidence or corrective response

What precisely is claimed and about which product, . . .
. . Exact wording, claim owner, scope, geography, period

activity, or enterprise?

Compared with what, and is the function equivalent? Identified baseline, functional unit, valid counterfactual

Which environmental impacts are included and

excluded? Boundary map, life-cycle stages, relevant categories
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Question to be answered before publication Required evidence or corrective response

Are measured data, estimates, and assumptions

distinguished? Source records, methods, quality rating, uncertainty

Are absolute trends disclosed where an intensity

improvement is claimed? Total impacts alongside per-unit changes

[s any recycling, reuse, removal, or offset described

Actual recovery or retirement evidence, separate accounting
accurately?

Are safety, rights, and material trade-offs concealed? Risk review and stakeholder evidence

Has the language received technical, legal, and

independent challenge? Dated approval, reviewer record, correction/withdrawal route

Note. Original decision protocol based on I1SO 14021:2026, LCA principles, the GHG Protocol, and the distinction between reporting and
impact discussed by Pucker (2021). It is not a substitute for jurisdiction-specific legal review.

31.9.4 Accountability when disclosed indicators are incomplete

An assurance-ready sustainability statement should disclose important exclusions rather than hide them in generic
caveats. If Scope 3 purchased-goods emissions are not estimated, if a waste contractor has no reliable downstream
traceability, or if the company cannot document the water consequences of a refill scheme, the report should identify
the unresolved boundary and why it matters to the reader's interpretation. This is not an invitation to delay every
improvement until measurement becomes perfect. It is a distinction between a provisional internal decision under
uncertainty and a public assertion presented as verified fact.

A serious correction protocol specifies who can challenge a claim, how contradictory evidence is examined, what
level of error requires restatement, and how affected stakeholders are informed. Technical review should be
sufficiently independent of the marketing or procurement managers whose performance depends on an attractive
result. Where an external assurance engagement is commissioned, its criteria, level, scope and limitations should be
readable alongside the claims being assured. These arrangements allow uncertainty to be governed rather than
disguised. They are especially important when a small enterprise's numbers are incorporated into a much larger
exporter's value-chain disclosure, where one unsupported supplier estimate may be reproduced across several
corporate reports.

31.10 SUSTAINABLE FINANCE AND INVESTMENT

31.10.1 Capital allocation under multiple constraints

Sustainability-sensitive capital budgeting retains the financial requirement that investments should be economically
evaluated over time, while confronting consequences that market prices omit. Management should first establish legal
and non-negotiable safety conditions, then identify operational options and their credible physical impacts, and only
then compare cost, cash flow, financing, and distribution of benefits. Adding a large monetary 'ESG benefit' to a net
present value (NPV) model without a defensible valuation can hide weak evidence. An alternative is a multi-criteria
decision in which NPV and liquidity are reported alongside verified emissions, water, human effects, and explicitly
stated minimum thresholds. A negative private NPV does not establish that an environmentally necessary safeguard is
optional where statutory duties or serious uncompensated harm are involved.

The conventional NPV formula remains useful: NPV = -10 + sum[CF_t / (1+n)"{] for t = 1,...,T, where 10 is initial
incremental investment, CF _t is incremental after-tax net cash flow under a consistent financing convention, r a risk-
appropriate discount rate, and T the appraisal horizon. Sustainability analysis should pay special attention to residual-
value assumptions, resource-price volatility, maintenance, regulation, external costs, end-of-life liabilities, and
distributions across stakeholders. A project's attractiveness can be overstated if cost savings accrue immediately but
environmental remediation obligations are postponed beyond the model horizon. Long-lived or irreversible ecological
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impacts may also be ethically significant even when conventional high-discount-rate calculations give distant damage
little present weight (Nordhaus, 2017).

31.10.2 Financing instruments and incentive mismatches

Sustainable finance encompasses, among other arrangements, green-use-of-proceeds financing, sustainability-linked
lending, blended finance, insurance, public incentives, and transition funding. These instruments differ significantly. A
green bond may earmark funds for eligible activities but does not by itself establish their additionality or successful
impacts. Sustainability-linked lending ties contractual incentives to specified performance indicators, but weak
baselines, easily met targets, or inadequate verification can turn the instrument into a branding exercise. Blended
finance may help overcome investment barriers in lower-income markets but can also socialize downside risk without
adequate public benefit if poorly governed. Enterprises should assess covenant consequences, currency mismatch,
verification cost, repayment capacity, and whether financing supports outcomes that would otherwise be unlikely.

A financing contract is also a governance arrangement. Green-use-of-proceeds loans require credible definition of
eligible expenditures and reporting of how funds were used; sustainability-linked contracts need meaningful
indicators, a legitimate baseline, ambitious but feasible targets, measurement methods and consequences for missed
performance. A small interest-rate adjustment does not establish that an intervention caused additional emissions
reduction. For that causal claim, the researcher would need a credible account of what the borrower would have done
without the instrument, including alternative finance and planned investment. The same scrutiny applies to tax
incentives and grants: environmental benefits, public fiscal costs and private appropriation must be separately
assessed.

A multi-criteria decision memorandum can improve judgment without pretending to calculate a universal
sustainability score. For every option it records incremental NPV, liquidity and debt-service exposure, absolute
emissions and material flows, water and biodiversity risks, relevant worker or community effects, legal minimum
conditions, and confidence in the evidence. Mandatory safeguards function as decision constraints rather than as small
weighted factors that a sufficiently attractive commercial return may override. Management may then compare
admissible alternatives, identify the variables most likely to reverse the ranking and specify what must be verified
before an irreversible commitment.

31.10.3 ESG evidence and the limits of financial-performance inference

The empirical relationship between ESG and financial performance is heterogeneous. Eccles et al. (2014), using a
matched sample of 180 US corporations, associate established sustainability policies with different organizational
processes and subsequent performance; its design and setting do not prove that an Rwandan SME will obtain the same
effect from adopting a policy. Friede et al. (2015) synthesize more than 2,000 studies and report a generally
nonnegative ESG-financial performance association, yet heterogeneous definitions, methods, publication selection,
and causality concerns constrain interpretation. Berg et al. (2022) demonstrate substantial divergence among six major
ESG-rating providers, attributing differences mainly to measurement and scope. A high commercial ESG rating
should therefore never be equated with low absolute greenhouse-gas emissions or adequate labour protection.

This leads to a decision rule: sustainability investments should be evaluated by their specific mechanisms, not by an
assumed universal ‘green premium'. The mechanisms may be avoided input costs, lower losses, better customer
access, reduced regulatory exposure, resilient supplies, improved worker retention, or avoided injury. Each requires
evidence and a defensible counterfactual. If benefits depend on favourable policy, return rates, or prices, management
should disclose the dependence rather than book them as certain cash flows. The same caution applies to climate
finance and carbon markets: credit quality, accounting boundaries, permanence, additionality, leakage, and double
counting demand competent, jurisdiction-specific scrutiny.
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31.11 RWANDA AND THE AFRICAN SUSTAINABILITY CONTEXT

31.11.1 Rwanda's strategic and institutional commitments

Rwanda has made ecological resilience and resource efficiency prominent elements of its development strategy. The
Ministry of Environment launched the revised Green Growth and Climate Resilience Strategy in June 2023, linking
low-emissions development, climate adaptation, green industry, land and water management, and social protection to
long-term national ambitions (Rwanda Environment Management Authority [REMA], 2023). Its National Circular
Economy Action Plan and Roadmap, launched in 2022, sets out 17 policy interventions and a 2035 circular-economy
vision, emphasizing sustainable waste, construction, agriculture, water-resource management, and enabling
collaboration (Ministry of Environment, 2022). These are strategic and policy directions; they should not be
misinterpreted as proof that all programme commitments have been implemented, funded, or achieved.

Rwanda submitted its third nationally determined contribution (NDC 3.0) to the UNFCCC in December 2025. The
plan extends to 2035, incorporates land-use, land-use change and forestry in its economy-wide accounting, and
specifies an unconditional reduction of 7% below a business-as-usual scenario, potentially rising to 53% conditional
on international support (Republic of Rwanda, 2025; NDC Partnership, n.d.). The upper-end ambition corresponds in
the official Rwandan communication to approximately 14.86 million tonnes COZ2e relative to its 2035 business-as-
usual trajectory (Ministry of Environment, 2025). These percentages should not be conflated with a reduction from
observed 2025 emissions or with mandatory proportional cuts for every enterprise. They represent national
commitments with sectoral policy, investment, financing, and implementation contingencies. The older 2030 NDC's
38% conditional figure refers to a different horizon and baseline and should not silently replace NDC 3.0.

The legal framework also matters. Law No. 48/2018 on Environment provides a general statutory foundation; Law
No. 17/2019 restricts manufacturing, importing, using, and selling specified plastic carry bags and single-use plastic
items while providing defined exceptional authorization pathways (Republic of Rwanda, 2018, 2019). REMA
publishes procedures for exceptional authorization and compliance. A business designing food or beverage packaging
must inspect current legislation, definitions, permits, standards, sector requirements, and lawful alternatives. Neither
biodegradable branding nor a claim that materials are recycled should be assumed to create a legal exemption. The
relationship between circular innovation and compliance is therefore a concrete product-design question, not a slogan.

31.11.2 Agriculture and land-use systems

Agriculture is an essential context for the country's climate and circular transitions because production depends on
rainfall, soils, land use, water, and farm livelihoods. The National Institute of Statistics of Rwanda's agricultural and
environmental statistics report that in 2026 Season B, 13.1% of farmers practised irrigation and 58% practised
agroforestry, while 81.3% reported organic-fertilizer application (National Institute of Statistics of Rwanda [NISR],
2026). These statistics describe specified reported farmer practices in a particular season; they do not establish the
environmental quality of fertilizer use, the effectiveness of irrigation, or the causal impacts of agroforestry for
individual farms. They point instead to domains where enterprise decisions need local evidence. A processor
promising climate-resilient sourcing must examine farm-level water availability, erosion, inputs, yields, labour, post-
harvest losses, and supplier incentives, not merely the presence of a national policy.

Circular opportunities include safe agricultural by-product use, improved crop storage, composting, water-use
efficiency, soil restoration, and reduced food loss. Each must undergo environmental and economic scrutiny.
Untreated organic waste may spread pathogens, contaminated by-products may be unsuitable for feed, and irrigation
efficiency can raise total extraction if agricultural area expands. The relevant managerial challenge is to preserve
productive value without moving harmful burdens along the value chain. Cooperatives and supplier associations may
reduce monitoring costs and improve bargaining, but their organizational effectiveness varies and must be assessed
rather than presumed.
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31.11.3 Industry, services, cities, and informal enterprise

Rwanda's construction and urban systems make building-material efficiency, demolition waste, water use, transport,
and durable infrastructure consequential. Decisions about reusable formwork, recycled aggregates, modular design, or
building retrofits should be tested for engineering performance, health, seismic or structural safety, and actual supply
availability. Hospitality and services may have low direct material output but important energy, food, procurement,
mobility, laundry, and waste footprints. Manufacturing faces the cost of cleaner equipment, stable energy, packaging
compliance, and traceable waste treatment. A national transition cannot therefore be implemented through one sector-
neutral ESG checklist.

Microenterprises and informal economic activity require special consideration. Formal standards can improve market
access but impose disproportionate documentation and audit costs. Informal reuse and repair networks may preserve
material value while leaving workers exposed to occupational hazards and volatile income. Policy instruments that
replace them without social safeguards may erase existing livelihoods; leaving hazardous practices unmanaged is
equally unacceptable. A defensible African sustainability agenda therefore combines environmental standards with
feasible investment, technical capability, infrastructure, affordable verification, worker protection, and access to
remedy. The institutional design must match the enterprise's scale without weakening essential rights.

There is an additional evidentiary asymmetry between formal environmental reporting and the operating experience of
small enterprises. A Rwandan repairer may know the failure modes of a product and preserve useful life through
practical skill but lack the serial-number records needed to claim quantified waste avoidance. A large importer may
possess an elaborate environmental report while relying on poorly documented collection routes. Neither a lack of
formal data nor the presence of polished data can be used as an automatic ranking of environmental performance. The
appropriate response is to invest in proportionate measurement: batch logs, documented handovers, scale tickets,
photographs where lawful, third-party testing for hazardous materials, and worker reports that can be challenged
without retaliation.

A second challenge concerns spatial scale. Green building, waste separation and circular product service are easier to
implement where users and infrastructure are concentrated; agricultural water and biodiversity effects instead follow
watershed, landscape and seasonal boundaries. Kigali's urban logistics cannot stand as a proxy for remote rural
transport, and one cooperative's member governance cannot stand as a proxy for all informal enterprises. Evaluation
designs should therefore disaggregate at least by geography, firm scale and value-chain role, and should not attribute a
national policy's expected benefits to any particular enterprise before monitoring identifies an actual change.

31.11.4 Comparative African and international perspective

Rwanda's circular-economy policy is relatively explicit, but implementation conditions differ substantially from those
in mature European producer-responsibility systems. A European packaging scheme may benefit from dense
collection points, standardized sorting, relatively predictable reverse transport, and highly formalized customer
transactions. Those attributes cannot be assumed in rural Rwanda. Conversely, widespread repair skills, localized
trading relationships, cooperative organization, and resource frugality can offer useful foundations for circular
innovation that are underestimated in high-income-country models. The appropriate comparison is not a ranking of
continents as more or less sustainable but an analysis of enabling conditions, costs, power relationships, and achieved
impacts.

Climate finance illustrates the same issue. UNEP's documented international adaptation-financing gap (UNEP, 2025)
makes clear why investment constraints cannot be addressed solely through managerial exhortation. Rwandan
businesses may face higher required returns, currency exposure on imported clean technology, scarce long-tenor
credit, data requirements from foreign buyers, and significant climate risks. Policy incentives and external partnerships
should therefore be evaluated for additionality, fiscal costs, distribution, and long-term operation, not merely
announced volumes of green funding.
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31.12 INNOVATION AND FUTURE ENTERPRISE MODELS

31.12.1 Innovation beyond replacing one material with another

Sustainability innovation can redesign the service demanded, reduce resource use, extend product life, change
ownership or pricing, recover value, and alter institutional coordination. For instance, selling guaranteed illumination
instead of lightbulbs may incentivize equipment longevity and efficiency, but only under contracts that assign
maintenance and service rights appropriately. Local repair markets can preserve value without sophisticated digital
systems. Industrial symbiosis may turn one process's by-product into a legitimate input for another, though volume,
quality, transport, seasonality, market demand, and liability must all align. A new technology can be genuinely useful
yet commercially inappropriate where repair parts, skilled maintenance, reliable electricity, or safe recycling are
absent.

Digital platforms can improve asset-sharing, item tracking, collections, and maintenance scheduling. Artificial
intelligence may forecast demand or detect process loss. These applications create additional energy, data-security,
labour, and governance requirements, so their sustainability benefit is not established by their technological
sophistication. Chapter 29 assessed Al as a sociotechnical capability; here its ecological contribution must be
evaluated through net effects across the specific function, rebound, data-centre energy, equipment turnover, and
human consequences. A digital system that tracks reusable containers can also expose detailed customer behaviour,
making proportionate data governance indispensable.

31.12.2 Carbon removal, nature claims, and contested future models

New markets in carbon credits, ecosystem services, regenerative agriculture, and low-carbon materials can provide
financing and incentives but also introduce difficult problems of baselines, additionality, permanence, leakage, land
tenure, and benefit sharing. A credit representing an estimated avoided emission is not equivalent to reducing
emissions within the buyer's own operations. Claims about 'nature-positive’ business should specify the relevant
ecosystem, indicator, baseline, counterfactual, time horizon, and independent verification. Land-based projects require
particular care where local livelihoods, rights, and future access are affected.

Innovation policy should not assume every profitable circular product produces absolute environmental improvement.
Efficiency-driven expansion, newly induced demand, displacement of local repair services, and non-existent recovery
infrastructure can reverse outcomes. A future-oriented enterprise therefore needs a decision process that supports
experimentation and withdrawal: pilot with measurable baselines, establish minimum safety and fairness
requirements, test economics and impacts, and stop or redesign interventions that fail. Resource efficiency, innovation,
and social legitimacy should remain independent tests until evidence shows their alignment.

31.12.3 Conditions for credible climate technology and service transformation

Climate technology is best judged against an identified mechanism of environmental improvement. A cold-chain
upgrade can reduce food losses but increase electricity demand; electrifying a vehicle can reduce tailpipe emissions
while transferring part of the impact to power generation and battery supply; a shared asset platform can avoid new
purchases while encouraging longer journeys. A complete decision compares the service actually provided, physical
emissions and material stocks, operational dependability, maintenance capability, financing and distributional effects.
It also separates a technically feasible intervention from a financeable one and from a socially acceptable one. Where
any of those conditions fails, an attractive laboratory result does not establish a viable enterprise model.

The institutional consequence is a need for modest, reversible experimentation where uncertainty is substantial. A
pilot should be selected because it can resolve influential unknowns, not because it generates photographs for a
sustainability campaign. The enterprise should specify what must be learned about customer behaviour, failure rates,
electricity or water use, supplier reliability and worker exposure; who may stop the pilot; and the criteria for
expanding or abandoning it. In the next section, the constructed Rwandan packaging comparison shows how such
evidence changes both economic value and environmental ranking.
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31.13 INTEGRATED RWANDA DECISION CASE: LINEAR AND CIRCULAR BEVERAGE PACKAGING

31.13.1 Decision, system boundary, and factual status

This case concerns a wholly hypothetical juice producer serving retail customers in and around Kigali. The enterprise
must decide whether to continue using one-way glass bottles or implement a returnable-glass system for the same safe
one-litre beverage service. It is not a documented company, an environmental impact statement, or a claim about
current Rwandan glass markets. Glass is selected to avoid assuming that prohibited single-use plastic items are lawful;
any real implementation must still satisfy food-contact packaging, cleaning, occupational safety, waste, licensing, and
other applicable requirements. All costs, recovery rates, carbon factors, distances, and useful lives below are
constructed pedagogical assumptions, not observations or internationally transferable coefficients.

The functional unit is 100,000 one-litre beverages safely delivered to comparable customers in one operating year.
Both systems are assumed to achieve identical beverage quality, selling price, customer service, and beverage
manufacturing emissions; those common flows cancel from the incremental comparison only. The model includes
container manufacture, single-use disposal handling, washing, additional return logistics, and return-system handling.
It excludes production and transport of the beverage itself, retail refrigeration, customers' travel, some capital-
equipment manufacture, and broader ecosystem and labour impacts. It is therefore a bounded carbon and materials
screening exercise, not 1ISO-conformant full LCA. Four equal annual service volumes are projected after the initial
investment. The return system uses an expected average of twelve safe service cycles per container; this is a cohort-
life assumption that must eventually be established through actual return, breakage, inspection, and loss records.

Figure 31.2. Linear versus managed circular packaging: unit-service comparison

LINEAR OPTION - ONE-WAY GLASS

NEW GLASS FILL +
0.45 kg DISTRIBUTE

—>‘ ONE USE ]-»‘ END'OF'USE]

HANDLING

RETURNABLE OPTION - MANAGED REFILL

GLASS FILL + — RETURN + . WASH +
0.70 kg DISTRIBUTE INSPECT REFILL

Common functional unit: 100,000 safely delivered one-litre beverages per year; reuse is assumed, not observed

Note. Original constructed comparative process map. The circular path requires safe inspection and sanitization; rejected or lost
containers leave the system. Figure labels describe modeling stages, not measured processes of an existing enterprise.

31.13.2 Transparent baseline assumptions

Table 31.6. Fully hypothetical annual comparison assumptions

Model input One-way glass rei::rglzgle ks Unit and qualification

Safe beverage services 100,000 100,000 One-litre delivered services per year
Container mass per new unit 0.45 0.70 kg glass per container

Average safe service cycles per 1 12 Average completed uses; not a guaranteed
container lifetime

New-container procurement 650 1,200 RWF per new container

cost
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. Managed . e .
Model input One-way glass T TS Unit and qualification
Disposal and handling 30 Included below RWEF per delivered service
Washing and sanitation 0 95 RWEF per service; safety compliance
assumed
Additional reverse logistics 0 75 RWEF per service; not general freight

Inspection and damage RWEF per service; replacement is already

0 25

handling captured by cycles
Retu'rr%, stor'a geand 0 35 RWF per service
administration
F.lxed system infrastructure at 0 55,000,000 RWF incremental investment
time zero
Additional 1 fi
ddl.tlon,a annua 1.xed 4,000,000 RWEF per year
monitoring and maintenance
Appraisal horizon and discount 4 years; 12% 4 years; 12% Same incremental pre-tax nominal basis

rate

Note. Every value in this table is synthetic. Bottle procurement is averaged over useful service cycles for steady-state decision analysis;
actual initial bottle-stock financing, deposits, taxes, and within-year cash timing require further modeling before any real investment
decision.

31.13.3 Material-flow and greenhouse-gas calculations

On an annual functional-output basis, the one-way system requires 100,000 x 0.45 = 45,000 kg of new glass. The
returnable model, at twelve safe uses per container, requires an equivalent of 100,000 / 12 = 8,333.33 replacement
containers, or 8,333.33 x 0.70 = 5,833.33 kg of new glass in steady state. The reduction in virgin glass is 39,166.67 kg,
or 87.04%, within the modeled boundary. Because the model excludes initial circulating stock requirements and
eventual final disposal, this number is an annual steady-state material demand contrast, not a full project-life physical
inventory.

For a transparent carbon screen, assume one-way container production creates 1.00 kg CO2e per kg of new glass and
one-way disposal-related activities create another 0.04 kg COZ2e per delivered service. Assume returnable-container
production has the same hypothetical emissions factor and each reuse entails 0.07 kg CO2e from washing, 0.11 kg
CO2e from extra collection transport, and 0.02 kg CO2e from inspection and storage. These factors are intentionally
artificial and must never be cited as actual emission factors for Rwanda's electricity, glass production, logistics, or
waste operations.

One-way system: E_L = (0.45 x 1.00) + 0.04 = 0.4900 kg CO2e/service. At 100,000 services, E_L =49.00 tCO2e.

Return system: E_C(n) = (0.70 / n x 1.00) + 0.07 + 0.11 + 0.02, where n is mean safe uses per bottle. At n = 12,
E C(12) = 0.25833 kg CO2e/service, or 25.83 tCO2e per year. The modeled difference is 49.00 - 25.83 = 23.17
tCO2e lower for the returnable alternative, a 47.28% reduction within this artificial, limited carbon boundary.

The physical result is conditional rather than inherent in the word 'reusable’. If reverse logistics emissions rise from
0.11 to 0.30 kg CO2e per service, and n falls to 3, the return system produces 0.70/3 + 0.07 + 0.30 + 0.02 = 0.62333
kg CO2e/service, approximately 27.21% higher than the one-way comparator. With original logistics assumptions, the
break-even for carbon follows 0.70/n + 0.20 < 0.49, requiring n > 2.414; because safe uses occur in whole service
cycles, three completed uses would be the minimum under the simplifying assumptions. The calculation does not
mean three uses are a universal environmental break-even: real burdens must be empirically estimated and other
impact categories can change the ranking.
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31.13.4 Unit economics, cash flow, and investment appraisal

The one-way packaging cost is 650 + 30 = 680 RWF per service. At twelve uses, the returnable procurement
allocation is 1,200 / 12 = 100 RWF per service, while washing, additional logistics, inspection, and handling total 95 +
75 + 25 + 35 = 230 RWF per service. Thus modeled returnable variable cost is 330 RWF and gross saving is 350 RWF
per service. At 100,000 services, annual gross savings are 35,000,000 RWF; deducting additional annual fixed
monitoring and maintenance of 4,000,000 RWF gives 31,000,000 RWF annual incremental pre-tax cash benefit, under
the steady-state simplification.

At a 12% discount rate over four years, the annuity present-value factor is [1 - (1.12)"(-4)]/0.12 = 3.03735. The
incremental NPV is therefore -55,000,000 + 31,000,000 x 3.03735 = +39,157,830 RWF (rounded). Undiscounted
simple payback is 55,000,000 / 31,000,000 = 1.77 years. Positive NPV indicates attractiveness only under the stated
assumed capacity, rates, container life, cash-flow timing, and risk adjustment. It does not demonstrate financing
availability, legal compliance, operational competence, or actual profitability. A real proposal should separately
finance initial circulating bottles and customer deposits, allow ramp-up, calculate taxes, account for change in working
capital and residual assets, and use a discount rate consistent with risk and nominal/real assumptions.

The levelized comparison must not be mistaken for an actual launch-year cash budget. An annual allocation of RWF
1,200 divided by twelve safe uses represents the long-run economic consumption of containers; it does not establish
when cash is paid to bottle suppliers or when customer deposits become payable. For example, acquiring 20,000
containers at RWF 1,200 each would require RWF 24 million at the purchase date, before any other working-capital
need. That cash acquisition must subsequently be reconciled against the projected four-year purchases and remaining
bottle value; simply adding RWF 24 million to the reported NPV while retaining all levelized bottle costs would
double-count part of the same resource. A decision-grade model needs an explicit time-phased container-stock and
deposit-liability ledger, including return turnaround, loss cohorts, replacement purchases, terminal stock, washing
capacity and financing dates. The base-case NPV is therefore a screening result, not a claim of fully funded liquidity
feasibility.

The reuse threshold is especially important. Let the average safe use count be n. Variable cost per service becomes
1,200/n + 230. Annual incremental cash benefit, before taxes and working-capital effects, is 100,000 x [680 - (1,200/n
+ 230)] - 4,000,000. To recover the initial investment at 12% over four years, the annual incremental benefit must
exceed approximately 55,000,000 / 3.03735 = 18,108,000 RWF. Rearranging gives a financial break-even average n >
approximately 5.24, hence at least six safe uses when rounded to whole uses. Below that threshold, the modeled
project loses financial value even where its limited carbon comparison may remain favourable.

Table 31.7. Reuse sensitivity: economic and carbon outcomes under original non-container assumptions

Incremental
Average safe Variable annual cash Four-year NPV Carbon kg Interpretation
uses n RWF/service benefit (million (million RWF) CO2e/service P
RWF)
3 630 1.0 51.96 0.4333 Slight ca.rbon_lmprovement,
severe financial shortfall
Financially positive, but
6 430 21.0 +8.78 0.3167 limited margin for model
error
12 330 31.0 +39.16 0.2583 Favoured if high reuse is
truly achieved
12 with high- Carbon advantage much
return transport 330 31.0% +39.16* 0.4483 narrower; costs assumed
emissions unchanged
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Note. Synthetic scenario table; the last row changes the carbon-only transport assumption from 0.11 to 0.30 kg CO2e/service but holds
financial transport costs constant solely to isolate environmental sensitivity. That counterfactual would require a correlated cost
sensitivity in a real appraisal. Values rounded to two decimal places; all other assumptions are those of Table 31.6.

31.13.5 Decision gates, ecological blind spots, and stakeholder safeguards

The enterprise should not approve full rollout simply because the base-case NPV is positive and illustrative emissions
fall. The first gate is legal and technical: establish food-contact suitability, safe return-container inspection,
sanitization standards, water treatment, handling conditions, labour safety, customer information, and lawful disposal
for rejected glass. The second is operational: pilot serialized bottles and measure return rates, elapsed turnaround time,
actual safe completed uses, breakage, washing throughput, and the quality of collection records. The third is
commercial and financial: examine deposits, theft and loss, institutional-customer willingness, route density, bottle-
stock cash requirements, wash-equipment downtime, and financing terms. The fourth is environmental: obtain locally
appropriate emissions factors and record water withdrawal, wastewater quality, transport fuel, and recovery
destinations. The fifth is social: assess collection workers' earnings, safe glass handling, customer accessibility, and
whether deposit requirements exclude lower-income buyers.

A responsible recommendation is to pilot rather than immediately scale the return system, with conditional expansion
if real data demonstrate a safe-use average comfortably above six, acceptable financial sensitivity to logistics and
working capital, verified net environmental improvements across relevant categories, and fair arrangements for
workers and customers. This recommendation is explicitly a judgment based on constructed evidence, not an empirical
claim. The pilot should publish both favourable and unfavourable findings, allow withdrawal, and reassess the system
after changes in routes, customer mix, or regulatory conditions. The case illustrates the central thesis: circularity
becomes a defensible enterprise strategy through verified service cycles and accountable coordination, not the physical
presence of a return arrow on a diagram.

31.14 INTERNATIONAL COMPARISON AND TRANSFERABILITY

Rwanda's circular-economy roadmap and plastic restrictions provide a policy rationale for investment in reduction and
recovery, but they do not establish that a particular return scheme is commercially feasible. More mature return or
extended-producer-responsibility systems elsewhere offer lessons about standardization, deposits, collection density,
washing capacity, and end-of-life verification. Their transferability depends on customer geography, service
frequency, consumer income, return incentives, fuel and water conditions, packaging standards, waste-sector
infrastructure, and administrative enforcement. It is methodologically weak to transfer a published European reuse-
cycle threshold or emissions saving directly into a Rwandan business case without reconstructing the functional unit
and local inventory.

European consumer regulation also creates an instructive contrast in claims governance. Directive (EU) 2024/825
addresses misleading environmental representations, while the reporting and due-diligence rules were further amended
in Directive (EU) 2026/470. Rwandan businesses targeting international customers may therefore need credible
documentary evidence even if their legal reporting obligations differ. Yet sustainability reporting is not an end in
itself. An enterprise able to produce assured reports but unable to prevent wastewater contamination has solved the
wrong problem. Conversely, a small repair enterprise may be physically effective without the funds for elaborate ESG
scoring. A proportionate institutional approach seeks sufficient, comparable evidence to protect people and
ecosystems, while financing improvement instead of allocating scarce resources primarily to superficial certifications.

The strongest international lesson is accordingly conditional rather than imitative: establish the service function,
identify the real impact hotspots and social constraints, choose a credible counterfactual, design suitable recovery and
accountability systems, and measure outcomes over time. Policy and technology can enable these steps but cannot
replace them. Rwanda's combination of local repair traditions, green-growth policy, agricultural exposure,
urbanization, and financing constraints makes the question of which circular solutions scale fairly more significant
than the question of which foreign model looks modern.
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31.14.1 A structured comparison of institutional design and its limits

A useful comparator for Rwanda's circular policy programme is the European Union's Packaging and Packaging
Waste Regulation. Regulation (EU) 2025/40 generally began to apply on 12 August 2026 and establishes a common
regulatory architecture for packaging placed on the EU market, while different technical duties are phased on their
own schedules (European Parliament & Council of the European Union, 2025; European Commission, 2026). Its
relevance is not that European outcomes can be transplanted into Rwanda. Rather, it makes the institutional
complements visible: producer identification, clearly allocated responsibility, product and material specifications,
collection infrastructure, sorting capacity, evidence of recovery, credible supervision and consumer information. The
relative contribution of each complement can differ sharply with population density, income, logistics networks,
enforcement and existing repair occupations.

The comparison also challenges a simple distinction between 'advanced' formal systems and 'backward’ informal
arrangements. A formal scheme can produce better traceability and stable financing but exclude workers whose
livelihoods depended on material recovery. Informal repair and return practices can achieve useful material
conservation but remain unsafe, inadequately remunerated or unrecorded. The analytically defensible policy objective
is to combine verified environmental protection with feasible participation, worker safeguards and access to
improvement finance. The policy transfer test should ask whether the imported instrument addresses the actual
constraint, whether its administrative demands are proportionate, and whether its incentives could create unanticipated
displacement or market concentration.

This assessment does not presume that the European instrument governs transactions entirely within Rwanda or that
either jurisdiction has already achieved the results it intends. Nor should a 2026 effective-date announcement be
interpreted as evidence that every subordinate obligation has become operative. The appropriate method for an
exporting enterprise is to identify the destination product category, commercial role, applicable provision,
commencement date, documentary expectation and responsible counterparty before committing to a new packaging
system.

31.15 INTEGRATIVE DISCUSSION, RESEARCH PROPOSITIONS, AND LIMITATIONS

The foregoing analysis suggests an enterprise sustainability accountability cycle. The cycle is not a causal model
validated through independent field data. It synthesizes five necessary lines of inquiry: first, identify ecological and
social dependencies and impacts at meaningful boundaries; second, establish legitimate minimum conditions and
decide who may authorize residual risks; third, redesign activities and incentives, including the business model;
fourth, obtain reliable physical, financial, and human-outcome evidence; fifth, revise action through monitoring,
independent challenge, and remedy. The logic is recursive: a decision may look viable at one stage and become
unacceptable when evidence about groundwater, safe reuse, or labour distribution changes.
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Figure 31.3. Proposed sustainability accountability and learning cycle

EVIDENCE * GOVERNANCE ¢ STAKEHOLDER VOICE

1 LOCATE , 2 SET > 3 ADAPT > 4 TEST X 5 REPAIR
IMPACTS LIMITS WORK RESULTS AND LEARN

Feedback loop: update assumptions, remedy harm and re-evaluate the decision
Not a validated causal model; each link requires evidence and accountable judgement

Note. Original conceptual integration of stakeholder reasoning (Freeman, 1984), resource capabilities (Hart, 1995), materiality (GRI,
2021; ISSB, 2023a), and the management-system principle in ISO 14001:2026. Arrows indicate proposed decision relationships; causal
validity remains to be tested.

The first proposition concerns the physical mechanism of reuse. In comparable product systems, higher average safe-
use cycles should reduce the virgin-material requirement per delivered service, provided that the container mass, loss
processes, production volume and effective replacement assumptions are held accountable. This is an engineering
proposition about material demand. It becomes an environmental proposition only after energy, water, transport,
contamination and end-of-life effects have been included in a suitably bounded life-cycle comparison.

The second proposition challenges circularity as a performance surrogate. An increase in recovered-material share will
not necessarily produce a comparable decrease in absolute environmental pressure when rebound, additional transport,
deteriorating material quality or displaced recovery activity is substantial (Zink & Geyer, 2017). The critical empirical
outcome is not the existence of a return stream but its net effect compared with a legitimate alternative, including any
induced demand.

The third proposition concerns governance and epistemic coverage. Enterprises that assess outward impact materiality
alongside inward financial materiality should identify a wider range of serious nonfinancially transmitted harms if
their assessment includes affected people, valid evidence and an independent challenge process. The proposition must
not be read as proof that dual materiality automatically improves outcomes; the mediator is credible organizational
attention and the capacity to act on findings.

The fourth proposition addresses buyer-supplier relations. Where small suppliers face constrained cash and reporting
capabilities, programmes combining credible requirements with targeted capability support may produce more durable
improvement than audit-only regimes, conditional on buyer commitment, incentives and access to remediation
(Seuring & Miiller, 2008). The relevant tests include whether implementation costs fall disproportionately on smaller
suppliers and whether observed improvement survives changes in contract or inspector.

The fifth proposition distinguishes reporting density from learning. An enterprise's disclosure effort should predict
verified impact improvement more strongly when indicators are connected to operating authority, corrective action,
and stakeholder remedy than when reporting remains detached from management decisions. This relationship may be
confounded by underlying managerial capability and resources; research must therefore distinguish the influence of
reporting practices from the capabilities that originally led firms to disclose more fully. Taken together, these
propositions identify conditional mechanisms and empirical questions, not universal empirical regularities already
confirmed by this chapter.

These propositions require specified populations, constructs, hypotheses, and identification strategies before testing.
Research could exploit changes in Rwanda's waste policy or the adoption of return schemes, but simple before-after
comparisons are vulnerable to confounding by input prices, market growth, customer selection, and concurrent
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regulatory interventions. Multi-site panel data, transparent difference-in-differences designs where assumptions hold,
linked product-flow records, validated LCA, and careful qualitative process tracing could complement one another.
Outcomes should include absolute material and emissions changes, water and health risks, financial viability, supplier
retention, worker income, and distributional impacts. Missing data on informal recovery chains and local emissions
factors may be substantive sources of bias, not minor administrative inconveniences.

An empirical evaluation could be designed around a prospectively registered refill pilot across matched customer-
route clusters, with the same beverage service, agreed safety requirements and measured exposure over a full seasonal
cycle. The estimand would be the average difference in incremental expenditure and relevant environmental outcomes
per safely delivered litre between the pilot and a feasible one-way alternative. Baseline data should record route
distance, customer mix, bottle turnover, pre-existing scrap recovery, energy, wash-water use, fuel and worker hours.
Randomized phasing may strengthen identification where operationally and ethically feasible; otherwise, matched
comparisons would require transparent tests of baseline similarity, time trends, contamination and spillovers.
Confidence intervals or sensitivity ranges should reflect actual uncertainty in measurement, nonreturn and factor
selection. This is a proposed research design: no field data have been gathered and no claim of experimental
implementation is made.

A broader comparative programme could examine how regulations, collection density and producer responsibility
shape outcomes across Rwandan municipalities and appropriate international settings. It would need harmonized
product definitions and climate factors, but should allow localized water, biodiversity and labour indicators to remain
substantively distinct. Survey-derived self-reports, administrative records and life-cycle estimates would be
triangulated rather than treated as interchangeable measures. This design makes the conceptual framework contestable
and clarifies which claims require additional empirical support.

The chapter's limits should be explicit. Its analysis is conceptual and interpretive; it makes no claim to exhaustively
review global sustainability literature or to validate a proposed management model. Rwanda's policy objectives are not
measured achievements. Globally established technical methods and standards are not automatically domestic legal
obligations. The hypothetical case was constructed for auditability, not realism in every parameter, and its carbon
screen is not a comprehensive LCA. These restrictions protect the analytical usefulness of the work because they
specify what additional evidence would be necessary before committing real resources or issuing public
environmental claims.

31.16 CHAPTER SYNTHESIS, GLOSSARY, AND LEARNING APPLICATIONS

31.16.1 Conclusions and central insights

Sustainability changes how the enterprise's purpose is evaluated. A defensible decision must connect economic
survival with natural-system conditions, rights, and consequences for current and future stakeholders. Ecological harm
is not necessarily visible in prices or financial accounts; materiality assessment must therefore look outward as well as
inward. Climate adaptation is distinct from emissions mitigation, and an energy- or material-efficient activity can still
increase absolute environmental pressures. Circular business models can preserve value, but their performance
depends on safe service life, collection, energy, logistics, markets, and the distribution of costs and benefits.
Quantification is necessary, yet measurements remain conditional on boundaries, denominators, factors, assumptions,
and governance. Disclosure, ratings, and certification create opportunities for accountability but do not automatically
demonstrate physical improvement. For Rwanda and similar African contexts, practical progress depends on
connecting credible public policy with affordable investment, local infrastructure, small-enterprise capabilities, worker
protections, and rigorous evaluation.

The enterprise-system perspective developed throughout this book is decisive here. Procurement cannot be made
sustainable by revising a supplier form while sales promotes excessive consumption; operations cannot achieve real
emissions reductions if accounting obscures total energy use; finance cannot justify a returnable system if logistics
cannot recover its containers; and governance cannot establish trust when ecological claims cannot survive
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independent scrutiny. Sustainability requires coordinated, corrigible judgment across these functions. Chapter 32 will
extend this discussion into enterprise-wide risk, continuity, and resilience, while Chapter 33 examines general ethics
and stakeholder justice in more systematic detail.

31.16.2 Key terminology

The following terminology register consolidates the chapter's technical vocabulary. Definitions are analytical rather
than substitutes for the terms of any particular legal or technical standard. The qualification column identifies a
recurring mistake in applying each concept.

Term

Adaptation

Absolute impact

Circular economy

Climate physical risk

Climate transition risk

Double materiality

Environmental aspect

Environmental management
system

Externality

Functional unit

GHG scopes

Greenwashing

Impact materiality

Industrial symbiosis

Life-cycle assessment

Maladaptation

Rebound effect

Operational meaning and interpretive qualification

Adjustments to actual or expected climate conditions and their effects; an apparently
protective response can constitute maladaptation if it transfers vulnerability.

Total burden within a defined system and period; unlike intensity, it does not automatically
decline when output increases.

Coordination of product and resource flows to reduce waste and virgin input through
prevention, longer use and safe recovery, subject to physical and social constraints.

Possible organizational consequences of exposure and vulnerability to acute or chronic
climate-related hazards.

Possible consequences of changes in policy, technology, markets, financing or law
associated with decarbonization.

Assessment of both enterprise-facing financial relevance and significant outward impacts;
neither perspective proves outcomes on its own.

An element of an organization's activity, product or service capable of interacting with the
environment, distinguishable from the effect of that interaction.

Governed procedures, responsibilities, controls, evaluation and corrective action for
managing significant environmental aspects.

Consequence borne by others that is not fully represented in a decision maker's private
prices.

Quantified reference function for comparing product systems, specifying equivalent service
rather than merely equal object counts.

Organizational emissions-accounting categories distinguishing direct sources, purchased-
energy emissions and other value-chain emissions.

Environmental representation that misleads through falsehood, material omission,
ambiguity, insufficient support or unjustified implication.

Significance of an organization's actual and potential effects on people, economies and the
environment, not limited to current enterprise cash flow.

Conditional use of one process's by-products or energy as another process's legitimate
input, requiring technical and economic compatibility.

Structured assessment of potential environmental burdens within a stated product-system
boundary, functional unit and methodological choices.

Adaptation measures that increase vulnerability, shift harm or undermine future adaptive
capability.

Additional activity or consumption that offsets anticipated environmental savings from
efficiency or material recovery.
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Term Operational meaning and interpretive qualification

Share of issued items physically returned within a specified time; it does not equal the

Return rate .
average number of safe completed service cycles.

Position that at least some natural functions, stocks and thresholds cannot be adequately

Strong sustainability replaced by produced or human capital.

Development that addresses present needs while preserving the conditions for future

Sustainable development : - . . ) o -
generations to meet theirs, subject to contested interpretations of justice and substitution.

31.16.3 Conceptual and advanced analytical questions

The foundational seminar asks students to assess a company that has reduced greenhouse-gas emissions per unit of
production while increasing its sales volume. Students should reconstruct the physical and economic relationship
between intensity and absolute emissions, distinguish the roles of externalities and ecological thresholds, and examine
whose interests appear in the firm's chosen boundary. A persuasive answer must consider conditions under which total
environmental pressure could nevertheless have fallen, rather than assume in advance that the company became either
more or less sustainable (LO1-LO3).

An advanced comparative inquiry asks students to interpret a severe local water-pollution impact that is not presently
assessed as financially material to its source enterprise. Using the different purposes of IFRS S1/S2 and GRI reporting,
students should explain how impacts can be significant without immediate financial transmission, examine the
evidential role of community testimony and technical sampling, and distinguish legal duties from management
judgment. The analysis should show how independent verification and remediation could change both the physical
outcome and the financial-risk assessment without turning a moral claim into a fictitious probability (LO2, LO5 and
LO6).

The critical theory question addresses the assertion that circular products are necessarily environmentally preferable.
Students should reconstruct at least six distinct mechanisms by which a circular model might disappoint: extra
transport, washing energy, contamination, unsafe reuse, low return rates, rebound, incomplete displacement, material-
quality losses or unequal social costs. Their argument must distinguish disputes that could be resolved by better
physical data from disputes requiring a transparent decision about rights, precaution or the distribution of burdens.
Evidence from the quantitative case should be used to demonstrate why the same alternative may pass a narrow
carbon screen and fail the financial threshold (LO4 and LO8).

31.16.4 Quantitative exercises and applied assignment

The first quantitative task requires complete independent reconstruction of Tables 31.6 and 31.7, including the
functional-unit assumptions, allocation of new glass, estimated greenhouse-gas emissions, discounted net present
value, and the reuse thresholds. Next, suppose mean safe use falls to five cycles and annual sales decline to 80,000
services, with annual fixed costs remaining RWF 4,000,000. Under the original artificial cost and emissions factors,
the return system's variable cost becomes RWF 470 per service and annual incremental cash benefit falls to RWF
12,800,000. The corresponding four-year incremental NPV is approximately negative RWF 16.12 million at 12%,
while the limited return-system carbon screen becomes 0.34 kg COZ2e per service against 0.49 kg for the one-way
comparator. Students should independently reproduce, correct if necessary and interpret each value, then identify how
a credible working-capital, sanitation, route-density or uncertainty model could alter the recommendation. The stated
result is an answer check under the original assumptions, not observed business performance (LO4-LO5).

The advanced assignment is a 2,500-3,500-word investment-and-impact memorandum for a hypothetical Rwandan
agro-processing cooperative considering conventional capacity expansion, a resource-efficient retrofit and a circular
by-product contract. It should define common service and comparison boundaries; examine the relevant Rwandan
policy and legal obligations; specify the affected suppliers, workers and communities; appraise cash flow, energy,
water, material and emissions consequences; and test seasonality, financing and counterparty failure. The
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memorandum must distinguish evidence derived from public sources, pedagogical assumptions and data that could
only be established through on-site measurement. It should close with an appropriately governed twelve-month pilot,
review triggers, a credible product-claims approval process and a recommendation that remains revisable (LO2-L0O8).

For graduate assessment, conceptual reasoning should be judged through explicit competing interpretations and
counterarguments; numerical work through transparent assumptions, reconciled units and correct computations; and
professional judgment through legal applicability, source quality, material risks, fairness and defined stop conditions.
An attractive sustainability narrative is not a substitute for evidence. In particular, a decision that passes a financially
attractive scenario but violates a non-negotiable health condition must be rejected or redesigned rather than
‘compensated’ by adding other positive indicators.

31.16.5 Selected further reading

For deeper conceptual debate, Dyllick and Hockerts (2002), Hahn et al. (2010), Geissdoerfer et al. (2017), Kirchherr et
al. (2017), and Korhonen et al. (2018) offer complementary and conflicting accounts of sustainability and circularity.
For technical practice, readers should consult the current editions of ISO 14001, ISO 14021, ISO 14040/14044, the
GHG Protocol standards, GRI guidance, and IFRS S1/S2 alongside their adoption and effective-date notes. For
Rwanda-centred policy evaluation, the 2022 Circular Economy Action Plan, revised Green Growth and Climate
Resilience Strategy, 2025 NDC 3.0, and the relevant provisions of the environmental and plastic-control laws provide
primary documentary starting points rather than substitutes for verified implementation data.
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