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Purpose: Resilience has become a strategic imperative in food supply chains, particularly for protein
products where perishability, tight delivery windows, and demand volatility intensify the impacts of
disruptions. In such environments, even short-lived shocks can cascade through upstream sourcing,
cross-docking throughput, and last-mile distribution, resulting in significant service deterioration and
extended recovery periods. This study develops and applies a simulation-based supply chain Digital
Twin to evaluate resilience performance in a protein product distribution network under both normal
operations and multiple disruption scenarios. The research addresses four objectives: (i) replicating a
real-world network structure with multiple suppliers, a cross-docking facility, and multiple customers;
(i1) quantifying resilience using operational and recovery-focused indicators; (iii) comparing the
differential effects of demand, supply, cross-dock capacity, and transportation disruptions; and (iv)
identifying structural bottlenecks that hinder full post-disruption restoration to derive actionable
resilience levers.
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Design/methodology/approach: A scenario-driven, simulation-based Digital Twin prototype was
implemented in anyLogistix using empirical inputs from the focal firm. Four disruption scenarios
were designed to reflect salient risks in protein logistics. Performance was evaluated before, during,
and after disruptions using ELT service-level trajectories and recovery indicators. A sensitivity
analysis was also conducted on demand-shock intensity to assess system stability thresholds.

Findings: The experiments reveal substantial heterogeneity in disruption consequences and recovery
dynamics. Under baseline conditions, the network maintains high service performance; however, all
disruptions cause measurable degradation. The demand-surge scenario leads to rapid service erosion
and backlog accumulation, and the system fails to restore pre-shock service levels even after external
demand normalizes. This “non-recovery” behavior indicates that resilience is constrained not only by
the disruption trigger but also by endogenous capacity limits in processing and distribution. The
cross-dock disruption produces similarly persistent performance losses: reduced throughput generates
congestion, disrupts flow continuity, and results in incomplete recovery. These findings identify the
cross-docking node as a dominant structural bottleneck in the studied protein supply chain. By
contrast, the supply disruption lowers service levels and lengthens recovery time, yet the network
ultimately converges to a stable state once upstream capacity is restored, suggesting conditional
resilience when sufficient time is available for replenishment.

Research limitations/implications: The study is limited by its focus on a single case network and by
the Digital Twin’s current implementation as an offline simulation model rather than a real-time,
synchronized system. The anyLogistix PLE environment also restricts model scalability and limits
access to advanced optimization features. Future research should integrate simulation—optimization
for automated policy selection, examine compound and correlated disruptions, expand performance
metrics to include cost, spoilage, and emissions, and develop real-time data integration to
operationalize the Digital Twin for continuous decision support.

Practical implications: The proposed Digital Twin enables managers to stress-test resilience policies
before committing to costly implementation. The observed non-recovery phenomenon suggests that
eliminating a disruption source is insufficient without establishing structural capacity buffers.
Recommended interventions include increasing cross-dock throughput flexibility, strengthening fleet
redundancy, adopting multi-sourcing for critical items, calibrating safety stock for high-variability
demand, and implementing dynamic rerouting and resource reallocation. Al-enabled demand
forecasting can further provide early warnings and trigger proactive responses, reducing emergency
logistics costs and service failures.

Social implications: Protein supply continuity is closely tied to food security and public welfare.
Enhanced resilience reduces the likelihood of shortages and delivery delays during crises or demand
surges, while timely distribution also minimizes spoilage and waste, supporting sustainability goals
and strengthening public trust.

Originality/value: This paper contributes a structured, scenario-based Digital Twin methodology for
resilience assessment in a real protein supply chain, integrating recovery-focused indicators (ELT
service level, recovery time, TTR) and demonstrating how cross-docking and transportation
constraints can induce non-recovery. The framework offers a replicable research design and practical
decision-support tool for perishable food supply networks.

Keywords: Digital twin Supply chain simulation, Analytical optimization, Resilience, Disruption
management
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Fig. 1- How the Digital Twin of the Supply Chain Works
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Table 1- Dimensions of the Protein Product Supply Network
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Table 2- Unit Definitions in Simulation and Risk Analysis

sk Sl

¢S 5ks Jsmazas 059

S e Jgpazme g
350 ol
Jdus n

d)L-M.::J J.Lo 829,38 L;Lbu‘: Y-¥

S s Jgamen VY oS 10T oy 5 0165 e 55 Ol O Jald ol (g3luand s 3 O e

Vool ahie SNy ams 50 el s o ki (s bl 3) 108 Y s 805 el S

ol L Y s ol bl Lol s S350 505 Gy bl 5 sl 2 sl S48 al ¥ 5 5 J e
il o 1Y o 53 aosls ol S o w355 (O gy D) Dl o 0o Jyyond Ol 5 sl

o (55 lwdnnd Wins gy S5 Olo) 5 OB AS el (Y prames O e ¥ Jgun

Table 3- Customers, Products, Suppliers, and Expected Lead Times
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Table 4- Product Data: Demand, Initial Inventory, Selling Price, and Revenue
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Table 5- Transportation Distance and Time
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Table 6- Input Parameters for Risk Analysis Experiment

SelectedDates timeTypeEnd AN replicationsNumber
SelectedPeriods timeTypeStart 5/11/25 01:22:52 startDate
5/20/25 00:00:00 stopDate Time Period startPeriod
/AN RecoveryServiceLevel Y failureServiceLevel

sl oyl Gleds a4y st ls pl @nyLogistix )l sl 5 53 ol /35 T S Condst mlan lkis
Ao siasolis jatld ol sy b e 6 Sl (el 6oy 53 CnSKa b el §5p oy 45 oS
o313 Ji g JalS sbar b wgea ool s sladuT 355 oSLia b e say 45 ol s 55l
s 3 35 g0 Lol IS 5 lacins S o SoS ual § iy Ol ke 4 o Ls ol (6 Sl dile s
35 1835 30 S5l Jol el sl ias W1 1) Sledst e a5 5o b 5 S plals |
el OB S el Oliadsl LB 3L 8 5 e sladol b

S syl o lal Sleas cb..» o yetla oyl ‘anyLogistix)lJ-,é\D; 33 .Sl /AN W&LJ'L. S Cl"” Sldde
bl Aoy il astls pl s o (S e3Il mals § iy 3 by b D S g4 )
o atle opl oSl b s e eals gt LS bas 5 w8 geas e dlasl sl 55 G s Sl e &S
£33 3 g eo3le Dbt mlaw 4 C2S5L 5 U5k 3 1 et U155 B S o SGS b & s Ol ks
5 el b s i OUanl il (S Co e laasl s 4 oLl ) S oLl YD
Syh e e baady 3l SU e oS0 zals

5% g Ly s 0,5 S5 Shas (5 L SLSU i Jols Y same anyLogistixlsle 5 53 Il S
sl Jlwst L) sslas dOF 55, L Ve 5, 31 See) s0les <oy ot Il opl ool 0ol 5,3
ol (o JS 2 80) e s L it 5 (et

el s o1l s (8 i sbal ) 5l S anyLogistix [sle 5 s B! (sla sl
Asile o s b glaslis ;50 b duas o OISl S o w0 Lo gy sl ) Ll it 5 SLSU glaslius, ol s
Sy oS3t s sbas 15 a5 SLSU adad b s s DSy @S el 5 ab SO

=l s Q:;L_: 6 ey )l (g 3lwand anyLogistix )‘}‘é‘(’f“; BEWE) Iy UV UV SO | e NV
848 el Al) 5Kl a5l bl e Sl g s bl Ol st oSl slasl s

el ot 5 Sl e o Sl sk b (658 el Sl Sty (Olriy LI s



VO P L ) eled OV oy clles 5 A5 Ca e 3 Jiasn ANY

sl skeds S s e OLES |y s Y guames el 6y s IDt] Cilisee (o g sl i
oo WS ) o g0 i Lo gl ol Lo (b Sllas oS 5 g1l s oSl Soslot
Loles LU S o Sl sl gl lins o i 1) Mo e 5 Jotls SOldas as o Cans LolES
by Sl 5 b b 2alS Gu bl el 53 Il cpss (Speslim oS Il 53 el (SAS (6 e (S 5
Hleober Gl 5 gblie S0 s 1) Slles Glacos sdoee o s gl rizmen AS (o ($3ledls (;:ﬁt
5 oS 5Ly Aglie OLSUl (g gl 55 ol S o 1 1 OG5 51 30 s Jar WS
S ol b glize IOt Lyl 3 s 1y sosTeol sla e

L‘.";:}Ji QY_,M «J‘-?"‘U Zﬂ:'u'j).: a.\.ﬁw_)ﬁ I 6hﬁ)u.~ h&i,’;—v J}.\»

Table 7- Definition of disruption scenarios considered in the protein supply chain
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Table 8- Demand change event in anyLogistix

EVENTS TABLE x
# Replication Event Date Day #
filter filter filter filter

1 Replication 2 Demand Changes 2023-04-20T19:00 32

2 Replication 7 Demand Changes 2023-04-20719:00 32

3 Replication 6 Demand Changes 2023-04-20T19:00 32

4 Replication 10 Demand Changes 2023-04-20T19:00 32

5 Replication 5 Demand Changes 2023-04-20T19:00 32

6 Replication 8 Demand Changes 2023-04-20719:00 32

7 Replication 3 Demand Changes 2023-04-20T19:00 32

8 Replication 1 Demand Changes 2023-04-20T19:00 32

9 Replication 9 Demand Changes 2023-04-20719:00 32
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Fig. 4- ELT Service Level by Products under sudden demand increase scenario
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Table 9- Recovery time of the protein supply chain after a disruption (tripling of demand by one customer)
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Fig. 5- Total Time to Recover (TTR) after a demand surge disruption in the protein supply chain network.
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Table 10- Results of sensitivity analysis for demand increase of Customer 1
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Table 11- Comparison of ELT service level across different disruption scenarios
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Table 12- Comparison of recovery time and time-to-recovery (TTR) across disruption scenarios
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Table 13- Delivery performance and shortage levels under different disruption scenarios
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