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Abstract - The formal ratification of the India-EU Free
Trade Agreement (FTA) on January 27, 2026, marks a
structural paradigm shift for the Indian pharmaceutical
export sector. While mainstream economic discourse
centres on tariff liberalisation, this research contends that
the Mutual Recognition Agreement (MRA) concerning
Good Manufacturing Practices (GMP) is the true
operational catalyst. Historically, Indian exporters have
been burdened by extreme Lead Time Variability arising
from redundant, non-synchronised regulatory inspections
at EU borders, forcing firms to maintain bloated Safety
Stock levels as a buffer against bureaucratic delays. This
study quantifies the inventory optimisation potential
unlocked by the MRA's removal of these non-tariff
barriers. Utilising a Quantitative Simulation Research
Design, the research models supply chain
environments: a pre-FTA baseline characterised by
stochastic border disruptions (mean = 47.4 days, cL = 8.6
days), and a streamlined post-FTA Green Channel scenario
(mean 28.9 days, oL 1.2 days). Applying the
Probabilistic Safety Stock model (SS = Z x V(L-oD? +
D?-6L?) with 95% CSL, the simulation demonstrates an
86% reduction in required Safety Stock — from 14,190
units to 1,980 units per SKU. These findings are validated
by a decisive F-Test (F-Stat = 51.34, p=4.2 x 107'¢). The
study concludes that the MRA enables Indian firms to
transition from a defensive Just-in-Case strategy to a lean
Just-in-Time model, releasing approximately 610 Crores
in working capital across a 1,000-SKU portfolio and
generating X152 Crores in annual P&L improvement.
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1. Introduction

1.1 Background and Motivation

The global pharmaceutical supply chain is one of the most
critical and complex logistics systems in the world, yet it has
historically been plagued by the friction of international
regulatory borders. India, often described as the pharmacy of
the world, supplies approximately 20% of the global volume of
generic medicines. Despite this commanding position, India's
trade relationship with the European Union (EU) prior to 2026
was characterised not by a deficit of manufacturing capability,
but by a profound asymmetry in regulatory trust. This
asymmetry manifested as a series of non-tariff barriers (NTBs)
— particularly redundant GMP inspections and mandatory
port-of-entry batch re-testing — that imposed severe and
unpredictable delays on Indian pharmaceutical shipments
entering European ports.

The signing of the India-EU Free Trade Agreement on January
27, 2026, represents a watershed moment in this relationship.
While the agreement's tariff liberalisation provisions have
attracted considerable commentary, this research argues that
the Crown Jewel of the agreement — the Mutual Recognition
Agreement (MRA) under Article 4 of the Sectoral Annex —
carries far greater operational significance. By agreeing to
accept GMP certifications issued by Indian regulators, the EU
effectively moved from a philosophy of compliance by
inspection to one of compliance by trust, granting Indian
production facilities a status equivalent to domestic European
entities and creating a Green Channel for pharmaceutical
shipments.

The operational downstream effects of this policy change are
substantial but have received limited quantitative analysis. The
existing commentary on the 2026 FTA is largely qualitative and
political. This research addresses that analytical vacuum by
providing a rigorous, simulation-based estimate of the specific
inventory optimisation benefits unlocked by the MRA,
demonstrating precisely how the elimination of regulatory

© 2026, JOIREM  |www.joirem.com| Page 1

ISSN (0) 3107-6696



£z =\
W5 =

(V-4 -
1 Y
5 )

JOIREM W&
= -

Dy

Journal Publication of International Research for Engineering and Management (JOIREM)

Volume: 04 Issue: 4 | April-2026
ISSN (0) 3107-6696

variance translates into balance sheet strength for Indian
pharmaceutical exporters.

1.2 The Research Problem

The fundamental operational crisis facing Indian
pharmaceutical exporters is not a shortage of demand or
production capacity, but the debilitating inefficiency of Just-in-
Case (JIC) inventory models that regulatory volatility has made
mandatory. In the pre-FTA logistical environment, the journey
of a standard shipping container of generic antibiotics from
Hyderabad to Hamburg was defined by stochastic chaos: a
clean shipment might clear customs in 25 days, while an
identical container flagged for a redundant GMP inspection or
chemical re-test could be delayed to 60 days or beyond.

This delta — the gap between best-case and worst-case lead
times — represents Lead Time Variability (cL). In supply chain
mathematics, this variance is far more destructive than a long
but predictable lead time. Because the penalty for a stockout in
the pharmaceutical sector ranges from the loss of hospital
contracts to genuine patient mortality risk, exporters have been
operationally forced to assume the worst-case scenario for
every shipment. The direct consequence is the Working Capital
Trap: to buffer against unpredictable 60-day delays, Indian
firms have maintained safety stock levels often exceeding 90 to
120 days of cover — millions of rupees frozen in temperature-
controlled European warehouses, earning nothing and risking
expiration.

The critical gap in current literature is the myopic focus on
tariffs. A 5% tariff reduction improves unit margins by 5%.
However, the ability to slash safety stock by 86% due to the
MRA releases a wave of free cash flow that fundamentally
alters Return on Capital Employed (ROCE). This study
addresses precisely this analytical deficit: it asks how the
mathematical reduction of regulatory lead-time variance via the
2026 MRA impacts the safety stock requirements and working
capital efficiency of Indian pharmaceutical exporters.

1.3 Research Objectives
This study is structured around four primary objectives:

*  To simulate and quantify the reduction in Lead Time
Standard Deviation (L) resulting from the removal of
redundant border inspections through the MRA.

* To apply the Probabilistic Safety Stock Model to
calculate the specific inventory reduction potential

achievable while maintaining a 95% Cycle Service
Level (CSL).

 To translate operational inventory savings into
financial metrics, estimating the Working Capital

Release and ROCE improvement for a representative
Indian pharmaceutical exporter.

* To synthesise findings into a strategic inventory
framework for the post-FTA operating environment.

2. Review of Literature

2.1 Mutual Recognition Agreements and Non-Tariff
Barriers

The argument that Non-Tariff Barriers (NTBs) are more
obstructive than tariffs is well-documented. Ciuriak et al.
(2018) provided one of the first quantitative assessments of this
phenomenon in their analysis of the Canada-EU
Comprehensive Economic and Trade Agreement (CETA),
demonstrating that the removal of technical barriers through
conformity assessments reduced border-thickness costs by
approximately 15-20% for Canadian firms — savings that
distinctly exceeded the value of tariff elimination. Jang (2018)
extended this analysis empirically across 34 countries, finding
that MRAs do not merely reduce costs but fundamentally alter
export composition, allowing developing nations to move up
the value chain from raw materials to finished, value-added
goods.

The Vietnam-EU Free Trade Agreement (EVFTA, 2020)
serves as the closest historical proxy to the Indian scenario.
Dolores and Latorre (2021) found that while tariff cuts attracted
headlines, the harmonisation of regulatory standards was the
primary driver of sustained export volume growth. However,
they also noted that Vietnamese pharmaceutical firms struggled
to fully capitalise on improved port dwell times due to internal
capacity constraints — a cautionary signal for Indian firms in
2026. Disdier et al. (2015) further established that EU
regulatory standards act as a de facto embargo on developing-
world exports absent an MRA, while Vancauteren and Weiser
(2005) demonstrated that harmonisation of technical
regulations significantly increased intra-EU trade, predicting
similar frictionless dividends when extended to external
partners.

2.2 Safety Stock and the Tyranny of Lead Time Variance
The foundational relationship between uncertainty and
inventory is established by Silver and Peterson (1985), who
provide the governing logic for this study: Safety Stock is
linearly related to average Lead Time (L) but exponentially
sensitive to the Standard Deviation of Lead Time (cL). The full
probabilistic formulation is:

SS =Z x V(LoD + D*¢L?)

Chopra and Meindl (2016) further developed the Aggregation
of Uncertainty principle, arguing that reducing supply
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uncertainty (oL) allows firms to lower inventory buffers
without compromising levels — effectively
demonstrating that supply chain reliability is a substitute for
physical inventory. Hopp and Spearman (2011) classify this
through the lens of Factory Physics: variability must be
buffered by Inventory, Capacity, or Time, and in the pre-MRA
India-EU corridor the only available buffer was inventory, as
time was constrained by product shelf life and capacity by
capital limitations.

service

Chatfield et al. (2004) used simulation to prove that lead time
variability is the dominant stressor in global supply chains,
often causing more stockouts than demand variability —
directly validating this study's core hypothesis that fixing the
border process (reducing cL) is more valuable than improving
demand forecasting. Tempelmeier (2006) extended this to
finite replenishment rates, proving that stochastic lead times
force firms into Safety Time strategies that are financially
ruinous for high-holding-cost items such as pharmaceuticals.

2.3 Pharmaceutical Supply Chain Risks and Regulatory
Friction

The pharmaceutical supply chain is unique due to the criticality
of the product and the severity of regulatory oversight.
Jaberidoost et al. (2012) conducted a systematic review
identifying Regulatory Risks as the single highest category of
supply chain disruption, superseding even transportation
failure, specifically highlighting cross-border quality checks as
a chokepoint introducing non-value-added time. Marucheck et
al. (2011) argued that redundant inspections essentially treat
legitimate imports as suspect, clogging the flow of safe
medicines to catch a minority of counterfeits.

Bogaert et al. (2015) studied drug shortages in Belgium and
France and found that a significant percentage were not caused
by manufacturing failures but by logistics bottlenecks at the
point of entry — directly validating the MRA as a mechanism
for patient safety, not merely profitability. From an Indian
perspective, Narayana et al. (2014) documented the working
capital trap of Indian pharmaceutical exporters, noting that
Indian firms carry 30-40% more inventory than their Western
counterparts purely to hedge against export uncertainties. Kale
and Anand (2016) further established that logistics costs
represent 15-20% of sales for Indian generic players compared
to innovator companies, making efficiency gains in this area
critical for competitive survival.

2.4 Theoretical Underpinnings

This research is grounded in two complementary theoretical
frameworks. First, Oliver Williamson's Transaction Cost

Economics (TCE) posits that total exchange costs include not
merely the price of the good but the friction of search,
information, and policing. Pre-2026 border inspections
represent a classic ex-post policing cost arising from
information asymmetry: European regulators could not cost-
effectively verify Indian manufacturing quality ex-ante,
necessitating expensive physical verification. The MRA
functions as a governance transformation, shifting the trade
relationship from Market Governance (defined by inspection
and distrust) to Relational Governance (defined by certification
and trust), thereby eliminating transaction costs and
approaching market efficiency.

Second, Goldratt's Theory of Constraints (TOC) asserts that
inventory is not an asset but a buffer deployed to protect system
throughput from its weakest link. In the pre-FTA supply chain,
the constraint was the Variance of the Border. The TOC strictly
conditions: inventory is only value-added if the uncertainty
exists. Once the MRA removes the variance constraint, the
existing buffer transforms from a necessity into Muda (waste
in lean terminology). This study applies this lens to argue that
reducing inventory after the MRA is not merely a strategic
option but a theoretical mandate.

2.5 Identification of Research Gaps

A critical review of the literature reveals three specific gaps that
this study addresses. First, a Temporal Gap: because the India-
EU FTA was ratified only in January 2026, there are no ex-post
empirical datasets. The academic community is navigating
implementation based on intuition rather than modelled data.
Second, an Interdisciplinary Gap: legal scholars analyse the
text of Article 4, and inventory theorists analyse the safety
stock formula, but there is a scarcity of research bridging these
domains — translating a legal clause into a variable within a
mathematical inventory model. Third, a Metric Gap: existing
trade literature focusses on aggregate dollar-value export
projections rather than the balance-sheet impact measured in
days of inventory and units of safety stock. This study
addresses all three gaps by treating the MRA as an input
variable in an inventory optimisation simulation.

3. Research Methodology

3.1 Research Design

This study employs a Quantitative Simulation Research
Design, utilising a comparative Pre-Test / Post-Test Scenario
Analysis framework. The choice of simulation is dictated by
the temporal constraints of the subject matter: with the India-
EU FTA ratified only in January 2026, there is no longitudinal
historical data for the post-agreement era. Accordingly, the
study adopts the standard Operations Research (OR) approach
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used for infrastructure and policy forecasting, building a
mathematical model of the supply chain to compress time and
simulate 12 months of logistics activity.

3.2 Scope of Study

Geographically, the study covers the primary maritime corridor
connecting India's Pharma Triangle (Maharashtra, Telangana,
and Gujarat) to the Hamburg-Le Havre range — specifically
the ports of Rotterdam, Hamburg, and Antwerp, which
collectively handle over 70% of pharmaceutical inflows into
the EU. The product scope is deliberately restricted to Oral
Solid Dosages (OSD) — high-volume generic formulations
(tablets and capsules) — to isolate bureaucratic lead time as the
sole independent variable, excluding thermal variation
introduced by cold-chain biologics. The temporal scope covers
February 2026 to February 2027, representing the critical 12-
month stabilisation phase where the delta between pre- and
post-FTA operations is most visible.

3.3 Scenario Design

Scenario A: Pre-FTA Baseline (Stochastic Friction)

Scenario A replicates the historical reality of the India-EU
pharmaceutical corridor from 2020 to 2025. It incorporates
Random Regulatory Stops as a stochastic variable, with
approximately 15-20% of shipments facing a Level 3
regulatory inspection that triggers a lead-time penalty of up to
+14 days. Input parameters are derived from aggregated
logistics industry benchmarks including port dwell time reports
from Ocean Insights, customs exception logs from major 3PL
providers (DHL, Maersk, FedEx Trade Networks), and World
Bank Logistics Performance Index (LPI) data. The resulting
distribution is right-skewed, featuring a fat tail of outliers
corresponding to regulatory hold-ups.

Scenario B: Post-FTA Green Channel (Deterministic Flow)

Scenario B simulates the supply chain environment post-
February 2026, assuming successful operationalisation of the
MRA. The probability of a regulatory stop is reduced to below
1% (random audit only), and lead time variance is restricted
strictly to transport mechanics (weather, vessel speed, crane
efficiency). Since direct post-FTA data does not yet exist, the
model employs Analogous Forecasting: variance reduction
coefficients observed after the CETA implementation are
applied to the Indian baseline, using intra-EU clearance times
(e.g., Poland to Germany) as a Green Channel proxy.

3.4 Mathematical Model
The study employs the standard Probabilistic Safety Stock
Equation for variable supply and variable demand:

SS =Z x \( L-6D? + D*6L?)

The variables are defined as follows:

Definition ] Value / Role in Study
z Servics lovel Zistore ltgﬁga(zjf;% CSL — pharmaceutical industry
D Average daily demand léorg:)ol) . y/(held asscient
oD Standard deviation of demand 0 (held constant to isolate supply-side effects)
L Average lead time Pre-FTA: 47.4 days | Post-FTA: 28.9 days
L. Std. deviation of lead time PRIMARY VARIABLE — Pre: 8.6 days |

Post: 1.2 days

Table 1: Safety Stock Model Variables and Parameters

The structural argument of the formula is critical: because oL
is multiplied by D? (a large number), even modest reductions in
lead time standard deviation produce disproportionately large
reductions in Safety Stock — a mathematical leverage effect
that is the central mechanism of this study.

3.5 Hypotheses
Three hypotheses guide the empirical analysis:

H1 (Stabilisation Effect): The MRA significantly
reduces the Standard Deviation of Lead Time (cL) for
pharmaceutical exports.

H2 (Inventory Efficiency Effect): There is a
statistically significant reduction in Safety Stock units
required to maintain a 95% service level in the post-
FTA scenario compared to the pre-FTA baseline.

HO (Null — Invariance Control): The removal of
border inspections via the MRA does not significantly
alter inventory buffering requirements.

4. Data Analysis and Results

4.1 Simulation of Lead Times: The Variance Collapse

The simulation was conducted across 200 shipments on the
Nhava Sheva (Mumbai) to Hamburg route. Scenario A
incorporated a stochastic probability of Level 3 regulatory
inspection (15-20% frequency), generating delays for causes
including GMP Document Audits, Chemical Re-Tests, Batch
Sampling, Quality Audits, Port Congestion holds, and Physical
Checks. Scenario B eliminated these triggers, restricting
variance to minor transport noise. Table 2 summarises the
aggregated statistical outcomes.
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Pre-FTA (Scenario Post-FTA
“- {Scenaiolt) Sl

Mean Lead Time (p) 47 4 days 28.9 days | 18.5 days (-39%)
oy eton of Lead Time 8.6 days 12 days | 7.4 days (-86%)
Variance (oL?) 73.96 days? 1.44 days? 1 72.52 (-98%)

Right-skewed Normal (W=0.98,
(W=0.82, p<0.05) p>0.05)

14,190 units

Distribution Shape Structural shift

Safety Stock Required 1,980 units 112,210 (-86%)

Table 2: Summary of Simulation Results — 200 Shipments,
Nhava Sheva to Hamburg

The most significant finding from Table 2 is the structural
decoupling of speed from reliability. While the mean lead time
improved by 39%, this is the least impactful change. The
standard deviation collapsed by 86% — from 8.6 to 1.2 days.
The pre-FTA distribution was heavily right-skewed (Shapiro-
Wilk W = 0.82, p < 0.05), confirming the presence of Black
Swan regulatory delays. The post-FTA distribution normalised
completely (W = 0.98, p > 0.05), demonstrating that under the
MRA, the supply chain behaves as a deterministic process
driven only by random transport noise consistent with the
Central Limit Theorem.

4.2 Statistical Validation
The observed reduction in lead time variance was subjected to
rigorous hypothesis testing to confirm statistical significance.

HO decisively rejected. Pre-FTA

F-Test (Equality of F-Stat=5134p= F-grit = 1.67 variance is 51x greater. Green
Variances) 42x10" % (a=0.05) Channel creates a fundamentally
different logistical environment.
Mean lead time reduction of 18.5
= days is statistically significant,
Two-Sample t-Test t-Stat=1421p< e
(Means) 0.001 t-crit = 1.96 confirming the MRA accelerates

as well as stabilises shipment
flow.

Significant deviation from
normality. Right-skewed
distribution confirms systemic
Black Swan regulatory delays.

Shapiro-Wilk (Pre-FTA) W =082,p<005 Normal: p>0.05

Data follows Gaussian
distribution, confirming Green

W=0.98,p>0.05 Normal: p > 0.05  Channel creates a stable,
predictable process driven by
transport noise only.

Shapiro-Wilk (Post-
FTA)

Table 3: Statistical Validation of Hypothesis Tests

The F-Test is the most critical result. Since F-calc (51.34)
vastly exceeds F-crit (1.67) at o. = 0.05, HO is formally rejected.
The probability of this variance reduction occurring by random
chance is less than 0.0000001%. H1 is therefore accepted: the
MRA statistically significantly reduces oL. Since the safety
stock formula is a variance multiplier, the collapse of oL
mathematically necessitates the collapse of Safety Stock, and
H2 is correspondingly accepted. HO is decisively rejected:
regulatory friction — not maritime congestion — is the
dominant driver of inventory scope in this corridor.

4.3 Safety Stock Calculation

Applying the simplified variable-supply / constant-
demand formula (SS = Z x oL x D) with Z = 1.645 and D
= 1,000 units/day:

al. 8.6 days 1.2 days
ZxglxD
Safety Stock

1.645 x 8.6 x 1,000
= 14,147 = 14,190 units

1.645 x 1.2 x 1,000
=1,974 = 1,980 units
Days of cover

~14 days of buffer ~2 days of buffer

Inventory model Just-in-Case (defensive) Just-in-Time (lean)

Table 4: Safety Stock Calculation — Pre-FTA vs Post-FTA
Comparison

4.4 Sensitivity Analysis

To validate the robustness of the findings, a sensitivity analysis
was conducted across three stress scenarios:

Pre-FTA
Safety Stock

Post-FTA MRA
Safety Stock | Benefit

Stress

Scenario

?73::‘illli(tiy 18,400 units z’iif?;/zns

1 0,
(CVD = (iuflflzzl)lp absorbs L 87%
20%) shock)
Escalated
CSL at 20,030 units 2,790 units | 86%
99% (Z=  (Unsustainable)  (Manageable) ¢
2.33)
Partial
MRA
(50% 14,190 units . o
adoption, (Baseline) 7,100 units 1 50%
oL =
4.3d)

Table 5: Sensitivity Analysis — Safety Stock Under Stress
Conditions

The sensitivity analysis reveals two critical findings. First, the
MRA acts as a structural shock absorber: even when demand
volatility interacts with the supply chain, the post-MRA system
absorbs the disruption without the Bullwhip Effect that plagued
the pre-FTA baseline. Second, even partial implementation
(50% adoption) delivers a 50% reduction in safety stock,
demonstrating that the benefits are linear and robust — the
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system does not require perfect implementation to be
profitable.

4.5 Financial Translation

To translate operational metrics into financial strategy, the
findings are applied to a standard SKU Economics model for a
generic pharmaceutical export (Atorvastatin 10mg, 500/pack,
25% annual holding cost rate):

Inventory reduction per SKU 14,190 — 1,980 units (| 12,210 units)

Working Capital Released per SKU %61 Lakhs (12,210 x ¥500)

Annual Holding Cost Saved per SKU %15 Lakhs (X61L x 25%)

Portfolio WC Release (1,000 SKUs) %610 Crores — immediate cash flow injection

%152 Crores — direct recurring profit

Portfolio Annual P&L Impact (1,000 SKUs) improvement

Table 6: Financial Impact of MRA-Driven Inventory
Optimisation

For a mid-sized Indian pharmaceutical exporter operating on
thin generic margins of 8-12%, a pure profit injection of X152
Crores represents a material improvement in bottom-line
performance — not merely incremental cost reduction, but a
structural competitive repositioning.

5. Key Findings
5.1 The Primacy of Variance Reduction over Velocity

The most significant finding of this study is the decoupling of
speed from reliability as the primary value driver. While the
mean lead time improved by 39% (from 47.4 to 28.9 days), the
standard deviation collapsed by a factor of seven — from 8.6
to 1.2 days — an 86% improvement. This finding directly
validates Schmenner and Swink's Theory of Swift, Even Flow,
which posits that variance reduction is the more potent driver
of productivity than speed itself. The MRA does not merely
make the supply chain faster; it makes it deterministic.
Reliability, not speed, is the primary economic dividend of the
2026 agreement.

5.2 The Working Capital Liberation

The 86% reduction in safety stock requirements constitutes
what this study terms a Balance Sheet Revolution. Capital
previously frozen in defensive inventory buffers — sterilised
against bureaucratic risk — is liberated for productive
deployment. The aggregate release of 2610 Crores across a
1,000-SKU portfolio represents capital that can be redirected
from Defence (inventory buffering) to Offence (R&D, clinical
trials, market acquisition, and capacity expansion). The MRA

functions as a zero-cost liquidity injection at the scale of a mid-
sized corporate fundraise.

5.3 Competitive Parity with EU Domestic Manufacturers

A critical finding is the erosion of the Home Field Advantage
previously enjoyed by European domestic manufacturers. EU-
based firms within the Schengen zone operated on lean Just-in-
Time models with zero regulatory friction. Indian firms were
forced into expensive Just-in-Case strategies. The simulation
proves that under the Green Channel protocol, an Indian firm
can maintain a 95% service level with an inventory footprint
nearly identical to a domestic European producer. The MRA
effectively neutralises the Regulatory Distance between
Hyderabad and Hamburg, enabling Indian generic players to
compete simultaneously on price and reliability — a
combination historically impossible due to the Inventory Tax
imposed by non-tariff barriers.

5.4 SME Democratisation and Market Access

While the financial dividends are significant for large-cap
exporters, the MRA's impact on Small and Medium
Enterprises (SMEs) is transformative. The pre-FTA
Inventory Tax acted as a de facto barrier to entry for
smaller firms with limited credit lines. An SME with
restricted capital could not afford to maintain 5 Crores of
product idle in a Rotterdam warehouse for 60 days,
particularly at Indian borrowing rates of 10-14%. The
simulation demonstrates that the capital threshold for
entering the European market is reduced by over 80%,
enabling a democratisation of pharmaceutical exports —
smaller firms can now compete directly for niche European
tenders previously accessible only to large-cap players.

5.5 Anti-Fragility of the Post-MRA System

The sensitivity analysis reveals a secondary finding of
considerable strategic importance: the MRA makes the supply
chain Anti-Fragile. In the pre-FTA baseline, external shocks —
demand spikes, minor port disruptions — interacted with
existing regulatory delays to create a Bullwhip Effect with
exponential inventory consequences. The post-FTA system
demonstrated resilience, absorbing demand
fluctuations with only marginal safety stock increases. By
removing the baseline noise (regulatory variance), the MRA
creates headroom for the system to absorb operational
turbulence without triggering defensive over-stocking.

remarkable

6. Theoretical and Managerial Implications
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6.1 Theoretical Contributions

This research makes four distinct theoretical contributions.
First, it extends the Transaction Cost Economics (TCE)
framework by providing a rare quantitative link between a legal
trade instrument (MRA clause) and micro-operational
efficiency (safety stock units). The 86% safety stock reduction
constitutes empirical proof that governance transformation —
from market governance to relational governance — reduces
ex-post transaction costs in measurable, balance-sheet-visible
ways.

Second, the findings validate Schmenner and Swink's Theory
of Swift, Even Flow in an international regulatory context,
demonstrating that legislative harmonisation is the most potent
available tool for removing unevenness (Mura) from cross-
border logistics flows. Third, the study extends Inventory
Buffering Theory and the Theory of Constraints by establishing
that once the Border Variance Constraint is eliminated by the
MRA, maintaining pre-FTA inventory levels becomes
theoretically irrational — not merely inefficient, but a failure
of systems optimisation logic.

Fourth, the study contributes to Information-Inventory
Substitution Theory by demonstrating that Institutional Trust
— embodied in the MRA — is a direct substitute for physical
inventory buffering. This provides a new lens for trade theory:
the primary value of an FTA is not Trade Creation (increased
export volume) but Capital Velocity (the speed at which
invested capital returns to the firm).

6.2 Managerial Implications for Indian Exporters

The findings impose four strategic imperatives on Indian
pharmaceutical supply chain managers. First, Aggressive
Inventory Liquidation: firms should execute a Step-Down
Liquidation over the first six months of 2026, reducing
European safety stock by 15% per month until reaching the new
calculated optimum of approximately 2,000 units per SKU.
Maintaining pre-FTA buffer levels in a post-FTA environment
is not prudent caution — it is a waste of shareholder capital that
a CFO can now quantify precisely.

Second, Push-to-Pull Model Transition: the collapse of lead
time variance enables a transition from Make-to-Stock (Push)
to a Demand-Driven Pull strategy. Firms should move toward
smaller, more frequent shipments (bi-weekly rather than
quarterly), synchronising production schedules in Indian
manufacturing hubs directly with real-time consumption data
from European retail pharmacies.

Third, GMP Compliance as a Mission-Critical Asset: the MRA
is built on Mutual Recognition, which is a conditional privilege,

not a permanent right. A single major quality failure could
trigger snapback provisions revoking Green Channel status for
an individual firm. Capital saved from inventory holding costs
must be partially reinvested into real-time quality monitoring
and digital compliance infrastructure to protect Green Channel
status.

Fourth, Commercial Renegotiation and Market Penetration: the
86% reduction in safety stock lowers the Total Cost to Serve
the European market. Firms should leverage this cost efficiency
to aggressively bid for high-volume hospital and insurance
tenders previously deemed too risky or low-margin, and to
renegotiate Service Level Agreements demanding higher shelf-
space priority and better payment terms.

6.3 Policy Recommendations

Four policy-level recommendations are directed at the
Government of India and CDSCO. First, the implementation of
a Pre-Export Compliance Dashboard — a centralised digital
portal tracking the compliance history of all EU-exporting
firms, enabling CDSCO to monitor and flag potential quality
issues before they reach European borders, protecting the
MRA's snapback provisions. Second, the development of
dedicated Pharma Corridors at Nhava Sheva and Mundra ports,
prioritising temperature-controlled container loading to ensure
physical logistics velocity matches the regulatory velocity
provided by the MRA. Third, the design of JIT Transition
Bridge Financing through EXIM Bank, providing short-term
credit insurance for firms undergoing the transition from 90-
day to 15-day inventory models. Fourth, a national Snapback
Risk Monitoring Protocol to prevent a single bad actor from
jeopardising Green Channel status across the entire Indian
pharmaceutical export ecosystem.

7. Limitations and Scope for Future Research

7.1 Limitations of the Study

Three primary limitations must be acknowledged. First, the
Temporal Constraint: the Post-FTA dataset is by definition a
projection. The use of CETA and intra-EU performance metrics
as proxies, while scientifically valid, cannot fully account for
India-specific variables including the learning curve of CDSCO
officials engaging with EU counterparts and the initial teething
problems of new digital documentation systems. There may be
a lag between the legal implementation of the MRA and its full
operational realisation.

Second, the Assumption of Institutional Seamlessness: the
simulation assumes perfect MRA implementation, with the
probability of a regulatory stop dropping instantly to near-zero.
In reality, bureaucratic inertia is persistent, and customs
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officials at specific ports may be slower to adopt new protocols.
The Snapback Risk — the possibility that a quality failure
triggers a temporary MRA suspension — introduces a Political
Variance dimension that is difficult to quantify but could
significantly alter safety stock requirements overnight.

Third, the Exclusion of Total Landed Cost Variables: to isolate
the impact of Lead Time Variance (cL), the study deliberately
excluded fuel surcharges, fluctuating freight rates, and carbon
taxes (EU CBAM). While these do not affect inventory unit
calculations, they affect net ROI and may partially offset the
holding cost savings identified.

7.2 Scope for Future Research

This study opens three avenues for future research. First,
Longitudinal Empirical Validation: researchers should conduct
ex-post studies 24-36 months after implementation (circa
2028-2029) to validate simulation results against actual
corporate inventory data, tracking financial metrics including
Cash-to-Cash Cycle Time and Inventory Turns of major Indian
pharmaceutical exporters.

Second, Cold Chain Extension to Biologics: this study
deliberately excluded cold-chain logistics to isolate regulatory
variables. With the rise of Indian biosimilars, future research
must extend the MRA impact model to biologics and vaccines,
where products are far more sensitive to time-temperature
deviations. Investigating whether the Green Channel
sufficiently mitigates thermal excursion risk — and thus
reduces cold-chain insurance premiums — would be a valuable
contribution.

Third, Digital Integration and Blockchain: as Indian firms
integrate IoT and blockchain for compliance documentation,
research should quantify how real-time data visibility further
reduces safety stock requirements beyond the baseline MRA
benefits identified in this study, exploring the additive effect of
Digital Supply Chain Twins on working capital efficiency.

8. Conclusion

The ratification of the India-EU Free Trade Agreement on
January 27, 2026, is not merely a diplomatic milestone but an
operational watershed for the global pharmaceutical industry.
This study has moved beyond the celebratory political rhetoric
to conduct a rigorous quantitative analysis of the agreement's
true operational value. The results are unequivocal: the Mutual
Recognition Agreement (MRA) is the single most potent lever
for supply chain optimisation in the history of India-EU trade
relations.

The central conclusion is that the MRA demonetises the
Regulatory Risk Premium. For three decades, Indian exporters
paid a hidden tax — not in tariffs, but in the form of massive,
stagnant inventory buffers required to insure against the
unpredictability of European borders. By statistically proving
that the MRA collapses Lead Time Standard Deviation (cL)
from 8.6 days to 1.2 days, this research demonstrates that this
tax has been abolished. The F-Test (F-Stat = 51.34, p = 4.2 x
1071%) provides overwhelming statistical evidence that the
Green Channel creates a fundamentally different logistical
environment — one in which variance is driven by weather and
crane speed, not the whim of a customs inspector.

Operationally, the agreement allows Indian pharmaceutical
supply chains to undergo a phase transition from a High-
Entropy state defined by fear and hoarding, to a Low-Entropy
state defined by precision and flow. The simulation confirms
that an 86% reduction in Safety Stock — from 14,190 to 1,980
units per SKU — is not a theoretical possibility but a
mathematical mandate. For a 1,000-SKU exporter, this
translates to 610 Crores in immediate working capital
liberation and X152 Crores in annual P&L improvement, a
margin transformation that dwarfs any tariff cut.

Ultimately, this study argues that the 2026 FTA does more than
lower the cost of Indian medicines in Europe; it upgrades the
fundamental status of Indian manufacturing in the European
regulatory hierarchy. By enabling goods to flow with the
reliability of domestic European products, the MRA erases the
logistical distance between Hyderabad and Hamburg. The era
of Just-in-Case is over. The era of Just-in-Time has arrived —
and those who operationalise this transition fastest will define
the next decade of global pharmaceutical trade.
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Appendix A: Statistical Output Reports

A.1 F-Test for Equality of Variances
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Conclusion

Reiect HO — mean lead times differ sianificantly

Table A.2: Two-Sample t-Test Results for Lead Time Means

A.3 Safety Stock Calculation Formulas

Formula 1 — Standard Deviation of Lead Time:

oL ="[X(xi—p)?/N|
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Formula 2 — Safety Stock (Variable Supply / Constant
Demand):

SS =Za x oL x Davg
Formula 3 — Full Probabilistic Safety Stock (Variable
Supply and Demand):
SS=Z x V(L-6D* + D*6L?)
Where: Z = 1.645 (95% CSL) | D = 1,000 units/day | cD =0
(constant demand control) | cL: Pre = 8.6 days, Post = 1.2 days

A.4 Glossary of Key Terms
I

Central Drugs

CDSCO Standard Control National regulatory bedy for Indian pharmaceuticals and medical
Qrganisation.

devices.

CETR g““p’e"e"s’:?r ge | Froe trade agrecment etween Canada and the EU; used az MRA
Eoonomic and Trade | proe n s sty
Probability that a giockaut will not cccur during a replenishment
CcsL Cycle Service Level pivsny
Free Trade
FTA Agreement A pact between nations to reduce barriers to imports and exports
GMP Good Manufacturing = System ensuring praducts are consistently produced o quality
Practice standards
. Inventory sirategy maintaining large buffer stocks to minimiss.
Jic Just-in-Case risk
JT Just-in-Time Inventory strategy receiving materials only as they are needed
MRA Mutual R it to one another's
Agreement assessments.
e " i Trade restriction other than a tariff (e.g., inspections, quotas,
NTB Non-Tariff Barrier stanciasds),
ROCE 2:::2;;: Capital Ratio indicating profitabily relative o capital deployed
al Lead Time measure of unpr of the lead time — the key
Deviation variable
Extra inventory held to reduce risk of glockouts due 1o
) Safety Stock supply/demand variance
SKU Stock Keeping Unit A distinct type of item for sale (e.g., Atorvastatin 10mg, 10-tablet
pack)
TCE Transaction Cost Theory arguing that efficient govemance structures migimise.
Economics exchange costs.
ToC Theory of Constraints for identitying and the most binding system

constraint
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