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Executive Summary

Smithfield Foods stands at a pivotal crossroads in cold chain logistics. Against the
backdrop of rising fuel costs, regulatory scrutiny, and ESG expectations, this analysis
provides a multi-phase simulation of Smithfield’s current and potential future-state
transportation network. It evaluates diesel-only operations, electric vehicle (EV)
integration, and a hybrid fleet strategy, while benchmarking performance against
Tyson Foods as a peer competitor.

Over the course of this engagement, we modeled 52 route lanes connecting
primary producers, repackaging centers, and distribution hubs across the Midwest
and Southeast regions. Each route was analyzed for:

Transit time and cold chain integrity
Operational cost profiles (diesel vs EV)

Facility readiness for electrification

Delay probability due to staging and dwell times

Regulatory exposure and sustainability alignment

@ Key Findings

23% of current diesel routes exceed cold chain integrity thresholds due
to repackaging center delays or route length. These breach risks are most
concentrated at KY and NC repack centers.

EV deployment is viable across 73% of routes, with recharge downtime
impacts kept below 20 minutes when dock-based charging is leveraged. Cost-
per-mile savings of 45-55% are achievable on EV-convertible routes.

A hybrid fleet assignment model—optimizing each lane for either diesel or
EV—unlocks the highest performance:

o 23% total cost savings over diesel-only
o 31% reduction in breach risk
o Full ESG regulatory alignment on 60% of route miles

Tyson's network is denser and more cost-efficient at baseline, but less
prepared for EV transformation in the Southeast corridor. Smithfield’s
opportunity lies in leapfrogging via fleet modernization and delay
recovery strategy.

~/ Strategic Implications

The data reveals not just inefficiencies, but strategic leverage points:

Repackaging centers, not distance, are the primary threat to cold chain
stability.
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o ESG gains can be achieved faster via operational shifts than infrastructure
overhauls.

o Tyson’s cost edge can be partially neutralized with hybrid optimization and
proactive fleet strategy.

*> What This Report Delivers
This report provides Smithfield’s leadership with:
e A quantified performance profile across diesel, EV, and hybrid routing
e Visualized maps and cost curves for key route flows
e Scenario modeling against competitive benchmarks
o Facility-level readiness scoring and delay diagnostics
e A strategic playbook for phased implementation

Together, these insights inform a decisive next move—not just operationally, but
competitively.

The cold chain is no longer just about preservation.

It's about position.
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Diesel Baseline Modeling

Smithfield’s current cold chain operations are primarily powered by a diesel fleet
utilizing 53’ refrigerated trailers. This baseline model analyzed 52 route lanes
across three facility types: Primary Producers (PP), Repackaging Centers (RP),
and Distribution Centers (DC). These routes were mapped, simulated, and scored
against five operational dimensions:

Transit time and range
Cost per mile
Cold chain breach risk

Dwell time distribution

AN

Regulatory exposure

4. Network Structure
e 9 Primary Producers (high-volume outbound flow)
e 6 Repackaging Centers (inbound/outbound dual role; congestion hubs)
o 5 Distribution Centers (retail staging, cross-docking)

Each facility pair was modeled based on real-world geography and approximate
lane distances. The Midwest and Southeast clusters were the primary focus.

. Key Metrics

Avg. route length (PP — RP) 147 miles
Avg. route length (RP - DC) 96 miles
Avg. transit time (full route) 3.1 hours

Routes exceeding 3-hour threshold 23%
Dwell violations at RP facilities 41% (KY + NC repack centers dominate)
Idle refrigeration impact +12-18% on total route cost

Cold chain integrity was modeled with a 3-hour maximum exposure threshold
(combining transit and facility dwell) beyond which product temperature drift
becomes material. Repackaging centers—especially KY and NC—are the primary
contributors to delay-induced breach risk.

¢ Cost-to-Serve (Diesel-Only)
e Fuel burn (loaded): 6.5 mpg avg.
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Reefer penalty: 0.2-0.4 gal/hr at idle

Driver wage & HOS compliance: modeled via FMCSA constraints

Route Type Cost per Mile Cost per Pallet (est.)
PP - RP (short) $3.94 $0.21-$0.25

RP - DC (regional)  $4.67 $0.26-$0.31

PP - RP (long-haul) $6.12 $0.33+

Idle time and congestion consistently added $0.09-$0.18/mile in hidden costs.

£ Regulatory Exposure Zones
Modeled against FMCSA and USDA/FDA mandates:

TN - GA corridor had >15% inspection probability due to idle time alerts
and compliance flagging

IA - NC lanes most vulnerable to Hours-of-Service violations under 14-hour
driving windows

Temperature data logging violations were simulated but not enforced in
model baseline

. Strategic Observations

Smithfield’s diesel network is burdened by decentralized repack facilities
with no delay buffering.

Cold breach risk is systemic, not incidental—the result of bottlenecks
compounded by tightly scheduled dispatch windows

There is no way to cost-cut meaningfully through diesel optimization
alone—the system is running near efficiency limits under this mode

This baseline matters not because it’s flawed—but because it defines the ceiling of
what’s possible with diesel-only logistics.

[t shows us what must change—not just to reduce cost, but to survive regulatory
tightening and competitive escalation.
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EV Integration Modeling

The second phase of analysis modeled Smithfield’s network through the lens of full
electric vehicle (EV) integration. Each of the 52 diesel routes was re-evaluated
under constraints unique to electric Class 8 trucks, including range, recharge time,
facility readiness, and impact on cold chain stability.

The goal: determine where EVs can replace diesel today—and where they
can’t—without compromising product integrity or cost control.

Y Facility Electrification Readiness
Each facility was scored across four dimensions:
e Dock power availability (3-phase, 480V)

e Yard configuration for EV turnaround and charging

Local grid capacity or proximity to substations

Site operational schedule compatibility (overnight charging)

Facility Type Total EV-Ready EV-Upgradable NotReady

Primary Producers 9 7 2 (KY, IL) 0
Repack Centers 6 4 2 (KY, IL) 0
Distribution Centers 5 5 0 0

Key Point: All facilities are theoretically EV-compatible. Most only require minor
upgrades, notably KY and IL repack centers, which need substation reinforcement
but no major structural changes.

“. Route-Level EV Viability
We modeled each route against:
e EVrange (modeled at 80% of manufacturer spec = 240 mi usable)
o Recharge logic (dock time overlap, fast charge access)

e Total time impact (pre-stage cooling + recharge)

Route Evaluation Count % of Total ‘
EV-Compatible (no constraints) 38 73%
Borderline (watch list) 7 13%
Not Recommended 7 13%

Most viable routes were RP = DC loops and short-haul PP - RP lanes under 250
mi. Long-haul direct PP - DC routes (e.g., IA = GA) exceed range and recharge
viability under current tech.
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<¥» Cost Profile: Diesel vs EV

Metric Diesel EV
Cost per Mile $3.94- $2.02-$3.08
$6.12
Fuel/Power Cost 55-65% 25-35%
Contribution
Idle Overhead 12-18% 0% (active pre-cooling + dock
charge)
Avg. Cost Reduction — 45-55%

Dock-based charging eliminated 85% of recharge delay overhead on qualified
routes. The average total route impact was +18 minutes, with minimal cold chain
risk due to active reefer load support during charge.

“e Cold Chain Risk Impact
e EVroutes reduced overall breach probability by ~19%, largely due to:
o Decreased idle time
o Consistent dock power for refrigeration
o Reduced multi-stage dwell risk

Additionally, EV routing eliminated all FMCSA Hours-of-Service violations in
modeled scenarios—an ancillary compliance benefit.

@ Strategic Observations
e EV deployment isn’t just cost-efficient—it’s risk-suppressing.

e The limiting factor is infrastructure, not technology—and upgrades are
tractable.

e Ablanket EV replacement is suboptimal. But a targeted deployment model
provides immediate value and regulatory leverage.

This section sets the foundation for hybrid fleet strategy:
What EVs can’t cover, diesel must—but only where it’s irreplaceable.
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Hybrid Fleet Optimization

With both diesel and EV route performance modeled, we entered the third phase:
building an optimized hybrid fleet assignment model. This simulation matched
each route to the most cost-effective and risk-tolerant fleet type, constrained by
facility readiness, route range, recharge capability, and operational volatility.

Assignment Logic

Each of the 52 routes was scored across four weighted criteria:

Cold Chain Risk 25%
Facility Readiness 20%

Operational Flexibility (e.g., surge capacity) 15%
The highest-scoring fleet type (Diesel or EV) was assigned to each route.

Ii! Results Summary
Diesel 21 40%
e EVassigned to all RP = DC routes and most PP — RP lanes under 250 miles.
e Diesel retained for:
o Long-haul PP - DC direct lanes
o High-load or multi-drop routes with recharge uncertainty

o Backup capacity for seasonal surge or downtime

<¥ Performance vs Diesel-Only

Metric Diesel-Only Hybrid Delta

Avg. Cost per Mile $4.81 $3.70 123%

Cold Chain Breach Risk 23% 15.9% 131%

ESG Regulatory Alignment 0% 60% of route miles T massively
HOS Violation Risk Moderate Minimal ! dramatically

Nodal Systems Group | Confidential Simulation | Not Commissioned by Referenced Companies



& Smithfield Cold Chain Optimization

“e Risk Redistribution Insights

The hybrid model concentrates breach risk into long-haul diesel corridors, where
infrastructure constraints prevent EV substitution. But overall, total system risk is

dramatically reduced.

Key Benefits:
e EVrouting shields the most delay-prone zones (repack to DC)

o Diesel’s role is precisely limited to lanes it alone can cover well

o Facility stress is reduced by predictable recharge and pre-cooling cycles

@ Strategic Observations
e The hybrid model is not a compromise—it’s a configuration strategy.

e Itprovides:
o Costleadership on the majority of miles
o Regulatory readiness without full electrification
o Operational stability through mixed-mode redundancy

This isn’t about forcing a technology transition.
It’s about assigning the right tool to the right lane—systematically.
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Tyson Comparative Overlay

To contextualize Smithfield’s optimization options, we modeled a parallel network
simulation for Tyson Foods using publicly available data and normalized
assumptions. The goal was not to duplicate Tyson’s proprietary logistics, but to
simulate an equivalent structure and highlight key comparative insights.

M Network Structure Comparison

Feature Tyson Smithfield

Facility Clustering Tighter (avg. 93 miles Looser (avg. 121 miles)
per hop)

Repack Bottlenecks Fewer, more centralized  More distributed (KY, NC

overload)

EV Readiness Low Moderate to High

(Southeast)

Direct-to-DC Lanes Common Limited

Tyson’s network is spatially optimized—shorter lanes, fewer handoffs, and
better-integrated repack facilities. However, Smithfield’s distributed layout
creates vulnerability and opportunity—it enables EV value capture where Tyson
lacks flexibility.

<¥ Cost Benchmarking
Tyson (Est.) Smithfield (Diesel) Smithfield (Hybrid)

Avg. Cost per Mile $3.96 $4.81 $3.70
Cold Chain Risk 14% 23% 15.9%
ESG-Ready Miles ~10% 0% 60%

o Tyson leads in baseline efficiency

o Smithfield’s hybrid model beats both in total system cost when fully
implemented

e Tyson remains less positioned for regulatory resilience under
electrification pressure

t. Comparative Weaknesses
Domain Tyson Strength Smithfield Gap

Route Length Efficiency  Shorter lanes Longer baseline flows
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Repack Latency Centralized flow KY + NC chokepoints
Surge Responsiveness High-capacity lanes Distributed surge risk

Electrification Readiness Lower (esp. Southeast) Higher (esp. Midwest)

Leapfrogging Opportunities
Smithfield can strategically overtake Tyson in the following ways:
1. Fast-track EV conversion on RP-DC lanes where Tyson still runs diesel
2. Upgrade bottleneck repack centers (KY, IL) to eliminate risk concentration

3. Exploit ESG leadership with verified electrification coverage on outbound
segments

4. Use hybrid optimization to neutralize Tyson’s base cost advantage

This is not about catching up. It's about taking a different path—one Tyson may
not be structurally positioned to follow.

&) Strategic Observations
o Tyson’s strength is its stability—but that comes at the cost of adaptability.

o Smithfield’s strength is its flexibility—which, if directed with precision,
can yield transformation at speed.

Smithfield doesn’t need to become Tyson.
It needs to become smarter than Tyson—faster.

10
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Strategic Playbook & Recommendations

This section converts simulation insights into a phased strategic roadmap. Each

recommendation is designed to be operationally feasible, financially defensible, and

strategically differentiated—aligned with Smithfield’s competitive context and
regulatory realities.

@ Immediate Actions (0-90 Days)
EV Deployment: Terminal Loops First
e Launch EV service on all RP - DC lanes
o Minimal recharge risk
o High cold chain breach suppression
o Strongest ESG signaling
e EVassignment on PP - RP lanes <250 mi
o Especially in Midwest and Carolinas
Diesel Optimization
e Retain diesel for:
o Long-haul (>300 mi)
o Surge-capable multi-drop routes
e Remove diesel from any lane where EV returns >30% cost advantage
Facility Prep
o Upgrade KY and IL repack centers
o Substation and dock power retrofit
o Yard space for EV turnaround

¢ Run delay simulations weekly to forecast breach risk lanes

Mid-Term Levers (90-180 Days)
Hybrid Resilience Buffer
o Build a flexible surge buffer:
o 15-20% of diesel capacity kept warm
o Rotating EV downtime replacement strategy
~/ Strategic Metrics Layer
e Deploy a cold chain integrity dashboard:
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o Real-time breach risk probability
o Lane-level cost and delay metrics
o ESG mileage tracker for regulatory and investor reporting

@ Repack Center Load Balancing

o Redistribute load from KY/NC repacks to underutilized IL or alternative RP

sites
o Reduce dwell risk

o Increase EV route viability

@ Long-Term Differentiators (180-365 Days)
%’ ESG Positioning Campaign
e Launch internal + external campaign positioning Smithfield as:
o First major cold chain operator with verified hybrid optimization
o 60%+ route miles ESG-compliant
@ Dynamic Fleet Assignment Engine
e Move from static assignment to AlI-powered lane routing logic
o Integrate real-time load, weather, delay, and energy pricing data
4% Competitive Intelligence Tracker
e Stand up shadow Tyson comparison dashboard
o Monitor facility expansions, route compression efforts

o Track publicly available EV deployment and fleet conversion rate

@ Strategic Principles to Guide Execution
1. Don’t electrify everything. Electrify what matters.

2. Cold chain stability is not an output metric. It’s a system design
constraint.

3. Survival is efficiency. But winning is differentiation.

4. Tyson may lead in density. Smithfield can lead in adaptability.

This strategic playbook reflects a simple truth:
Smithfield doesn’t need to catch up to Tyson.
It needs to shift the playing field.
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Visual Appendix

The following visuals were generated to support the Smithfield Cold Chain
Optimization analysis. Each image corresponds to one or more insights from the
previous modeling sections and is available for export in presentation or print-
ready format.

© Visual 1: Smithfield Facility Network - Diesel & EV Route Map
e Displays all modeled route flows across the cold chain network
o Color-coded by facility type:
o Primary Production (blue circles)
o Repackaging Centers (orange squares)
o Distribution Centers (green diamonds)

o Directional arrows indicate current routing and future fleet assignment
potential

o Highlights lanes best suited for EV deployment vs diesel retention

Smithfield Facility Network - Diesel & EV Route Map

PP2 (MO)

Facility Type
Primary
Repack

& o<

RP3 (IL}

PP1 (1A} AP1 (KY) RP2 (NC)

PP3 (NC)

I} Visual 2: Cost-per-Mile Comparison — Diesel vs EV
Bar chart comparing average and range (low/high) costs per mile across:
e Diesel routes: PP-RP, RP—DC(, and long-haul PP-DC

e EV-eligible routes under current tech constraints

13
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EV shows a 45-55% cost advantage on compatible lanes, even with recharge
downtime modeled in

Long-haul diesel lanes (PP—-DC) are costliest, driven by idle refrigeration and
HOS-driven delays

Hybrid blend not shown explicitly, but implicit in comparing diesel-only vs EV-
only operational segments

Cost per Mile Comparison: Diesel vs EV

fffff Diesel baseline (PP-RP)

Cost per Mile ($)

Ry (@)

00 12

SRP)
prese ¥ pese! & oieset °F

“e Visual 3: Cold Chain Breach Risk by Route Segment

This heatmap-style chart shows the simulated breach risk probabilities across key
lane segments in the Smithfield cold chain:

o Highestrisks are concentrated in repack-to-distribution center lanes,
especially RP1-DC1 (KY to TN)

e Lanes involving PP3—RP2 and RP2-DC2 (NC region) also show elevated
risk

e Color intensity corresponds to breach probability (darker = higher risk)

14
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05 Cold Chain Breach Risk by Route Segment
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&» Visual 4: Hybrid Fleet Assignment and Cold Chain Breach Risk
This chart combines:
o Fleet assignment logic (EV vs Diesel)

e Modeled breach probabilities for each route segment

¥ Green bars: EV-assigned routes (lower risk, cleaner ops)
B Gray bars: Diesel-retained routes (typically long-haul or high-load)

EVs dominate short-haul and repack loops. Diesel is preserved for extended
segments with risk tradeoffs.

0.40- Hybrid Fleet Assignment and Cold Chain Breach Risk
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lil Visual 5: Tyson vs Smithfield Comparative Metrics
This grouped bar chart compares:

o Average cost per mile

o Cold chain breach risk

e % of ESG-compliant route miles

B Tyson leads in baseline cost and breach control

B Smithfield (Diesel-only) trails across all metrics

I Smithfield (Hybrid) narrows the cost gap, beats Tyson on ESG miles, and
significantly reduces risk

This visual ties together the competitive overlay findings into a head-to-head
comparison.

Tyson vs Smithfield Comparative Metrics

60 3 Tyson 60%

Bl Smithfield (Diesel)
B Smithfield (Hybrid)

501

401

Value
w
o

20

10%

10r
4%

3%

0.14 0.23 0.16 0.00

Cold Chain Risk ESG Miles (%)

Avg Cost per Mile

Visual 6: EV Return-on-Range Index by Route Segment

This chart evaluates which EV-compatible routes deliver the greatest return on
electrification investment:

o Highest scoring routes are RP — DC loops, due to:
o Minimal range stress
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o Dock charging alignment
o High frequency, low delay
e PP — RP routes also score well if <250 miles
o Lower-scoring routes are typically edge-case lanes with recharge uncertainty or
underused infrastructure

This visual demonstrates that EV deployment was prioritized based on economic
and operational return—not ideology.

lo- EV Return-on-Range Index by Route (0-10 Scale)

9.1

8.8

Return Score

RP1-DC1 RP2-DC2 PP1-RP1 PP2-RP1 PP3-RP2 RP3-DC1
Route Segment

_~ Visual 7: Facility Electrification Readiness Score
This chart evaluates each facility’s electrical infrastructure readiness for EV
operations, on a 0-1 scale:
o Distribution Centers (DC1, DC2, DC3) are fully EV-ready (100%)
e Primary Producers (PP1-PP3) show strong readiness, typically requiring
minimal upgrades
e Repack Centers (KY, IL) score lower due to substation capacity limits or
yard reconfiguration needs

Demonstrates that the EV strategy wasn’t just about vehicles—it accounted for
the real-world readiness of each physical site.

17
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Facility Electrification Readiness Score
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& Visual 8: Delay Propagation by Route Segment

This bar chart illustrates how dwell time risk propagates through the network,
compounding delays beyond initial route timing:

o Base Delay (light blue): normal transit + staging time

e Propagated Delay (red): delay multiplier from repack bottlenecks or HOS
constraints

¢ RP1-DC1 (KY to TN) shows the worst compounding behavior, often
exceeding 40 minutes total delay.

This visualization proves that cold chain risk isn't just "where are we slow?" but
"where does slowness cascade through the system?"

Delay Propagation by Route Segment
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~~ Visual 9: Hybrid ROI and ESG Tracker Over Time

This dual-axis chart shows how phased rollout of the hybrid fleet strategy
impacts both:

« @ Logistics cost savings (left axis)
« © ESG-compliant route coverage (right axis)
Key Insight:
e By Q2, Smithfield hits ~14% savings and ~32% ESG alignment

e By Q4, the hybrid model delivers ~29% cost reduction and 60% ESG route
coverage

This proves the strategy isn't just operational—it builds competitive and ESG
credibility over time.

Hybrid ROl and ESG Tracker Over Time
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Reference Sources & Public Data Inputs

The following publicly available sources were referenced to guide modeling
assumptions, facility mapping, vehicle capabilities, and regulatory overlays used in
the Smithfield Cold Chain Optimization analysis:

¢ Cold Chain & Logistics Standards

U.S. FDA Food Safety Modernization Act (FSMA)
https://www.fda.gov/food /food-safety-modernization-act-fsma

USDA Cold Chain Guidelines for Perishable Foods
https://www.ams.usda.gov

¢ Fleet & Electrification Assumptions

Tesla Semi Truck and Freightliner eCascadia public range and cost specs
https://www.tesla.com/semi
https://freightliner.com/trucks/ecascadia/

U.S. Department of Energy: EV Truck Incentives and Infrastructure
https://afdc.energy.gov/vehicles/electric.html

¢+ Tyson Foods Facility Baseline (Reference Only)

Tyson Foods Distribution & Processing Locations
https://www.tysonfoods.com/locations

¢ Regulatory Data

FMCSA Hours-of-Service Regulations
https://www.fmcsa.dot.gov/regulations /hours-service

California CARB and EPA EV Freight Guidelines (for scenario comparison)
https://ww?2.arb.ca.gov

This document blends proprietary modeling via A3T™ with real-world public
reference points to create a credible and scenario-grounded logistics optimization
blueprint.
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