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Introduction

To handle the complexity involved in the globalized business environment, firms must maximize cost reduction in the process
of handling operational risks and compliance 1. The recent COVID-19 pandemic and other geopolitical and weather issues have
highlighted some of them, but other challenges have shown weaknesses in supply networks that are narrowly-tuned, yet
inflexible 1. These shocks have attracted the concern on the significance of the capacity planning strategies that ensures that a
trade-off is made between the lean cost effective operation and the capacity to cope with the effect of such disruption [,
Traditionally, SCM concentrated on cost effective and efficient practices including just in time (JIT), inventory minimization
and outsourcing worldwide I, Nevertheless, the methods rendered the companies more competitive, however, vulnerable to
risks in case of disruptions 1. The increasing significance of resiliency the ability of supply chains to predict, absorb and react
to shocks has prompted a shift back to multi-sourcing, strategic location of stockpiles and quick production networks [, On the
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other hand, the decisions made in the capacity planning are
also being gambled by the sustainability interests. Companies
are under pressure to cut down on carbon emissions, adopt
the principles of the circular economy and also give back to
ethical sourcing [, Efficiency, resiliency and sustainability
have an overlapping point that results into a three-way trade-
off where management must decide the allocation of
resources, and how networks of supply are structured as
sources of long-term competitiveness . The purpose of the
article is to give a systematic review of SC management and
capacity planning literature with consideration of the three
dimensions of balancing. It dwells upon the main
frameworks, proposes some essential challenges and gives
the future research and managerial practices directions. The
remainder of the paper is organized as follows: Section 2 is a
literature review with the main themes; Section 3 is the
discussion of the main findings and implications, and the last
one, Section 4, is a description of the recommendations and
future research directions.

2. Literature Review

In the current section, the main findings of recent studies
concerning the supply chain management (SCM) and
capacity planning will be generalized through the three
dimensions being of utmost significance, which are
efficiency, resilience, and sustainability. To ensure that the
development of the research and real-life approaches are
covered, the review is split into 4 thematic areas.

2.1. Efficiency vs. Resilience in Supply Chains

The initial literature on SCM oriented on efficient was area
rooted in lean practices, cost reduction and measures to
decrease inventory such as just-in-time (JIT) and global
outsourcing . These strategies had significantly lowered
the profit margins at the expense of flexibility of the supply
chains (1, The COVID-19 pandemic revealed widespread
interdependent vulnerabilities necessitating more resilient
designs to be adopted 2. Multi-sourcing, geographical
distribution and strategic inventories buffers are some of the
strategies, which add resilience but are costly and help firms
to absorb a shock better (3], Certain studies indicate that a
hybrid model, which integrates lean and agile systems
(leagile system) would enable striking a balance between the
efficiency of costs and flexibility of change . The trade-offs
are investigated in relation to simulation model, which proves
that the moderate investments in redundancy and flexibility
lead to the improved performance of the whole system 151,

2.2. Sustainability Integration in Capacity Planning

Sustainability has become a high profile aspect in capacity
planning due to regulatory forces, stakeholder demands and
global climate commitment (6. The Triple Bottom Line
(TBL) framework of economic, environmental, and social
performance factors is used in decision making towards
sustainable supply chain 21, Closed-loop supply chain,
reverse logistics, eco-efficient production/production

www.MultiPerspectivesJournal.com

planning, and other types of GSCM practices are aimed at the
limitation of waste and reducing the emission of carbon
dioxide [*8 1, Studies reveal that GSCM does not only allow
firms to effectively comply, but also improves the
competitive edge of a firm through the achievement of
reputation and customer loyalty 2, However, sustainability
can be costly (efficiency trade-off of green materials) and
complex (resilience trade-off of complexity of reverse
logistics) to achieve 21, There are two tools of Quantitative
evaluation of this trade-off: life cycle assessment (LCA) and
multi-criteria  decision-making (MCDM), that are
recommended by the scientists 22,

2.3. Capacity Planning and Resource Optimization

Capacity planning determines optimal levels of production,
labor and inventory to satisfy uncertain demand 3. The
recent works use stochastic programming, robust
optimization, and simulation-based methods to model the
demand volatility and supply uncertainty 24, With these
models, firms are able to produce dynamically to demand
which minimizes the possibilities of overcapacity or
stockouts [, As it has been identified, collaborative capacity
planning- suppliers and manufacturers share demand
forecasts will result in a better supply chain performance 261,

2.4. Digitalization and Industry 4.0 Enablers

However, these capacities planning and risk management
may be performed in a different way nowadays, because of
the introduction of Industry 4.0 technologies, including 10T,
Al, and predictive analytics, over the years 71, The digital
twins that are used together with monitoring systems can help
managers simulate disruptions so as to change the production
schedules ahead of time 8 29 Solutions based on
blockchains enhance the data transparency and enable the
distribution of the data between the stakeholders %, leading
to the improved collaboration between the suppliers and
minimizing the effect of the bullwhip. The increased use of
such technologies means the existence of stronger and
efficient industries, but more investments and employment
adaptation is required (41,

Discussion and Key Findings

The review indicates that the supply chain management
(SCM) within the new global environment is no longer fully
involved with cost-reduction and cost-efficiency. Instead, it
requires a compromise that is efficient, resilient and
sustainable to become long-term viable (32,

4.1. Efficiency—Resilience Trade-Off

Most of the literature reviewed repeats that overemphasis on
efficiency (e.g., lean inventory, single sourcing) exposes the
company to greater risk in the event of a disruption, when the
victimization is maximized B2 Although efficiency lowers
the cost of operation, it also restricts flexibility, and thus, it
can take longer to recover after shocks.
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Fig 1: Efficiency—Resilience Trade-Off in Supply Chain Management

Supply chain design and resilience is a trade-off that entails
wisdom (fig. 1). The left side of the diagram contain lean
inventory and single sourcing which are effective practices
that reduce the operating costs yet firms are vulnerable to
supply disruptions. The right side refers to the resiliency
related measures like multi-sourcing, inventory buffer and
nearshoring which increase continuity at a higher cost. The
middle zone is the moderate situation where the institutions
are efficient in a stable situation and responsive in the
contingency situation in case disruptions are suffered. This
bundle offer helps your companies to be competitive in terms
of prices and the firm runs normally in the slim seasons.

On the other hand, recovery based measures such as placing
inventory safely, dual sourcing and near-shoring increase the

strength but lead to the increase in operating costs . The
best balance, in that relation, is to have hybrid types that are
functional under normal circumstances and are transformed
to resilient type in case of a shock, contingency planning and
digital surveillance systems %51,

4.2. Sustainability Integration

Sustainability has ceased to be a pleasant aspect of SCM but
an imperative part of SCM in a world that is growing more
regulated and where consumers are demanding greener
products % 371 Green procurement, closed-loop supply
chains, and circulatory economy models are being embraced
in order to minimize waste and subsequent emission (81,
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Fig 2: Triple Bottom Line Framework for Sustainable Supply Chains

Figure 2 is a graphic representation of the TBL that considers
sustainability as the intersection between the economic issue,
the environmental issue, and the social issue. This number
shows that the supply chain that generates economic value at
the same time reducing the harm to the environment and
fulfilling social needs can only be considered a sustainable
one. A three dimensional integration reduces risks of
regulatory chances, enhances stakeholder trust and enhanced

competitiveness in the long run. This wide view makes it
possible to have sustainability as a strategic resource, and not
a mere compliance problem.

The major conclusion made in the literature is that
sustainability activities are typically congruent with
resilience, since more resource-efficient and less prone to
regulatory or reputational risk, greener supply chains are
simultaneously more sustainable °1. Nevertheless, the issue
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of a balance between sustainability and cost-speed and speed
is still a nightmare facing companies with low margins 401,

4.3. Capacity Planning and Resource Management

A major driver of the resilience and efficiency comes out to
be capacity planning. According to some research, firms
ought to adopt capacity systems of flexible capacity which
consisted of scalable production lines, cross trained work
force, collaboration and cross supplier networks [,
Advanced capacity planning is also appealing to demand and
predictive analytics that would help such companies to react
more with sudden spikes of the issue of demand without
having to store too much idle capacity 12,

Trade-off between Efficiency, Resilience & Sustainability
Efficiency

Score

Sustainability Resilience

Factor

Fig 3: Capacity Planning Process for Supply Chains

The dynamic cycle of capacity planning in supply chain is
depicted using figure 3 below. This all starts with the demand
forecasting then the production schedule and allocation of
resources to adjust the capacity according to the expected
needs. The managers can achieve this through real time
feedback loops so that they are able to correct in time in case
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of a demand that is not in the predictions. Through this cycle,
stock outs or overcapacity will be removed, bullwhip effect
will be smoothed thus enhancing reliability of supply and cost
efficiency. The figure implies that capacity planning is not a
process once done, but is a process. The flexibility in
matching the output with the demand trends is required not to
experience the bullwhip effect and reduce the wastage [*31,

4.4. Role of Digital Technologies

Most Industry 4.0 solutions such as 10T, Al-driven
predictions, block chain, and the digital twins are typically
associated with the assistance of efficiency, resilience, and
sustainability combinations 14, They facilitate real time
visibility of multi tiers supply chains, risk monitoring and
high quality decision making. In this aspect, blockchain
enhances traceability in ensuring that it meets the
requirements of sustainability besides having a way to
optimize inventory and anticipate the impact of disruptions in
advance that Al can provide 1%,

4.5. Managerial and Policy Implications

The multi-objective optimization models should be used on
the managerial level, taking into account the cost and service
level and risk at the same time [0123456]. Policy-wise, the
literature recommends that there be incentives to invest in
green technologies, in digital infrastructure and capacity-
building initiatives particularly in the developing countries in
the small and medium sized enterprises (SMEs) /1. The
review presentation has ultimately come to propose that a
combined strategy would be best suited (efficiency and
resilience and sustainability being treated as complements as
opposed to substitutes) due to the global market being better

placed to compete and its performance in the turbulent market
[48]

RESILIENCE

CONCEPTUAL FRAMEWORK FOR BALANCING
EFFICIENCY, RESILIENCE, AND SUSTAINABILITY"

EFFICIENCY

OPTIMAL
BALANCE

SUSTAINABILITY

Fig 4: Conceptual Model for Balanced Supply Chain Strategy

Figure 4 The conceptual model of the balanced supply chain
strategy suggested. The three pillars of Efficiency, Resilience
and Sustainability are rather overlapping with the optimal
strategy area. The figure highlights the fact that the two goals
are not mutually exclusive, in fact, when formulated
correctly, they actually complement with one another. One of
these optima suppositions is the one with a supply chain

within the zone of bottleneck intersection, and is efficient,
robustness and environment/socio-friendly. It is a
competitive advantage that businesses possess over an ever
changing world that is long run innovative.
Conceptual ~ Framework: Balancing
Resilience, and Sustainability

The proposed framework provides a unified view of the way

Efficiency,
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companies can be efficient, resilient, and sustainable in their
supply chain operations.

Framework Description

1. Inputs (Drivers)

Market Demand Uncertainty Customer preferences, demand
variability. Outside Interruptions Geopolitical risks,
pandemics, natural disasters. Green supply chain regulatory
& ESG Pressure Green supply chain norms, carbon tax, SDG
goals [,

2. Core Dimensions (Balancing Pillars)

Economy Cost Production, Inventory Leanness, Reduced
Lead time. Multi-sourcing, redundancy, risk monitoring,
Resilience Safety stocks. Green procurement Sustainability
Green, circular economy, lower emissions.

3. Enablers (Supporting Mechanisms)
Capacity Planning Adaptable production, scaleable
workforce %, Digital Technologies 1oT, blockchain,
artificial intelligence (Al)-based forecasting, big data B,
Collaboration & Governance Supplier partnership, public
private collaboration, policy support 52,

4. Outcomes

Operational Performance: They are more disrupted, less
impacted in operational performance. Economic Advantages:
decreased cost of disruption, better ROI. Strategic
Advantage: Competitive differentiation, reputation of the
brand, long term sustainability.

Recommendations

Based on the results of the literature review, the paper
provides a number of specific recommendations that can
inform practitioners, policymakers, and scholars to ensure the
implementation of an effective balance between supply chain
efficiency, resilience, and sustainability.

Managerial Recommendations:

The adaptive capacity planning models require organizations
to adapt to accommodate the growing or shrinking operations
in response to the changing demand without extra wastage of
resources 3. One of the ways to minimize exposure to global
shocks as well as logistics lead times is to diversify suppliers
by adopting nearshoring and regional sourcing 4,
Investment in the digital enablers (such as loT devices,
predictive analytics, ledger blockchain technology, etc.) must
be oriented toward enhancing the real-time visibility and
decision-making . With the introduction of green
production measures, the introduction of closed-loop
systems, companies can manage to achieve minimum carbon
footprint but viable and competitive 5],

Policy Recommendations:

The governments and the regulators may offer incentives (in
the form of tax credit, subsidy or concessional financing) to
the sustainable resilient supply chains 571, The establishment
of a standard information flow and risk-sharing principles
offers the opportunities of more transparent and liquid
networks. The support that is being extended to small and
medium enterprises (SMES) in order to carry out increased
amount of training on the job, the creation of digital
infrastructures, access to reduced capital costs will help them
become competitive in the global markets €],
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Research Recommendations:

The subsequent academic studies must be dedicated to the
creation of integrated quantitative models of trade-off
analysis of efficiency, resilience and sustainability under
numerous shocks events 59, More empirical cross-industry
studies are required to assess the immediate value of Industry
4.0 technologies in SCFP and CP. Conceivably, long-run
effects on future strategic planning of global supply chain,
too, should there be longitudinal indications of the post-
disruption recovery behavior 6%,

Conclusion

The points of the discussion in this review reveal that the
trade-off which must be made between the efficiency and the
resilience and even sustainability is no longer a choice, but a
strategic requirement of today supply chains. The strategies
of low cost Classic, efficiency-focused are very dangerous to
external shocks, i.e. pandemics, geopolitics and climate
changes.  Literature has shown that deliberate
supplementation plans like having safety stocks, the use of a
flexible sourcing or use of redundancy that can lead to a
short-term loss of efficiency to enhance continuity in the
long-term may necessitate resilience construction. The
implementation of sustainable operations will be required
within the context of Addition to comply with the
requirements of regulations, demands of the stakeholders and
the long term environmental objectives. It is also indicated in
the survey that the digital transformation is central to the
realization of these three priorities. Simple Predictive
Modeling and Real-Time Monitoring Advanced Analytics
will allow businesses to streamline capacity planning and risk
forecasting, and minimize wastage. More than that, collective
networks of supply chains and open information sharing
procedures also form resilience, which preconditions even
greater sustainability-oriented conditions. Altogether, it is
possible to say that the companies demand comprehensive
and not conflicting strategies according to which efficiency
and sustainability are not the opposing notions but rather the
complementary components. Long run supply chain plans
which show capacity adaptability preparation capacity, and
technology in risk management and green operation will
neutralize to competitive advantage in 2025. Such a middle
ground will reduce the effects of shocks, and place
organizations with long-term growth in the world that is
becoming more difficult to foresee, and ensure compliance
with regulations.
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