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WHO WE ARE

TwinPort

Genoa Solucoes builds simulation and
optimization tools for ports and heavy logistics,
from Brazil.

TwinPort is our web-based port digital twin —
developed under a FAPESP PIPE research grant
and validated on a real iron ore export terminal.

PIPE program — Innovative
Research in Small Enterprises

.JAPEP Grant 23/09733-2 - Feb 2024 - Jul

2026
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EXECUTIVE SUMMARY

Optimize the plan. Stress-test it in the cloud.

TwinPort builds the operating plan for a 25 Mtpy Brazilian iron ore export terminal — trains, stockpiles, blending, ships —and
pushes it through the AnyLogic Cloud API to stress-test it against real-world uncertainty.

1007% -47% 11 / 11

of scheduled ships served in every test reduction in estimated demurrage cost ships served in the recorded October 2022
scenario window, queue cut from 8.8 to 4.7 days

Optimize — Simulate — - One loop, driven from a web browser — no simulation software installed.
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BUSINESS CHALLENGE

A 25 Mtpy Brazilian iron ore export terminal

= e | ) A i
Trains 3 Car dumpers Stacker- -y 3 stockyards - 17 Ship loaders 5 Single berth
iron ore arrives by wagons discharged reclaimers stockpiles loading onto vessels every ship queues
rail stack & reclaim ore where blending for it
happens

Configured and driven by the terminal's actual operational records — real train discharges,

The one berth is the bottleneck the whole plan converges on —

ship voyages and quality-control charts. TwinPort itself is general-purpose and configurable cetsehediling istake Usieanienis iban ship Hise e

to other bulk terminals.
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BUSINESS CHALLENGE

Four pressures, one schedule

& Trainarrivals g Stockyard capacity
Schedules set by mine and railway — largely outside the terminal's Three yards, finite positions — every pile placed constrains the next
control. one.

A Blending contracts ® Ship queues
Chemical specs with tight tolerances — Fe, SiO;, Al,O3, P — per Every extra day at anchor is demurrage owed to the shipowner.
shipment.

$ Demurrage is where every planning mistake becomes a dollar figure — it is the KPI this whole project attacks.

Every decision is coupled — optimizing is not enough, you have to simulate.
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THE SOLUTION

An optimize-then-simulate decision loop

o anylogic’ KPIs +
Terminal data Optll'l'II?eI' 0 Simulation model animation
trains - ships - yards - SAIL engine: — Operating ptan - AnyLogic Cloud failures - maintenance -

metaheuristic + MILP exported as plan pushed via the quality drift queue - demurrage

- qualit
- . blending JSON Cloud API - throughput

Accept the plan, adjust preferences, or re-optimize — all
from the browser.

L2 The planner closes the loop from the TwinPort web UI

—X: Also on the platform: an Al support assistant (Claude), grounded in TwinPort's own docs — pilot in progress
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THE SOLUTION

The optimizer writes the whole playbook

1 Which train discharges where — car dumper, 2
route and destination pile for every arrival

How piles are formed and blended — a MILP
stage keeps every shipment inside its
chemical spec

Berth Occupancy

Operations Timeline
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25

When each ship berths and loads —

sequencing the single berth to cut queue and

demurrage

2% 27 3 23 30 3 32 3 24 35

Berth occupancy and the operations timeline on one shared axis (TwinPort, Outputs > Routes). Search: the SAIL engine's metaheuristic over discharge and berthing decisions, with an exact MILP for

the blending sub-problem — one slide, no math, happy to go deeper in Q&A.

GENOA¥» TwinPort

AnyLogic Conference 2026

07 ., 19



THE SOLUTION

From plan to cloud: one JSON, one API call

@ THE CONTRACT

1
"export_info": { ... %,
"ships": [...], "trains": [...],
"stocks": [...], "yards": [...],
"equipments": [...], "routes": [...],
"car_dumpers": [...],
"maintenance": [...],
"quality model": § ... %

§

The optimizer's full plan (scenarioJson), plus a second JSON with
the stable port setup (poxrtJson). The same model also reads them
as local files in development — one codebase, no forks.

GENOA» TwinPort

fzj HOW TWINPORT TALKS TO ANYLOGIC CLOUD — PYTHON

from anylogiccloudclient.client.cloud_client import CloudClient

client CloudClient(API_KEY, CLOUD_INSTANCE)
model client.get _model_by_name("TwinPort")

version client.get_latest_model_version(model)

inputs = client.create_default_ inputs(version)
inputs.set_input(“scenarioJson”, plan_json)

inputs.set_input("portJson", port_config)

run = client.create_simulation(inputs)
Tun.execute()

outputs = run.get outputs()

Built with the official anylogiccloudclient package, wired up straight from

model re-upload.

AnyLogic Conference 2026

A;mylogic- AnyLogic's Cloud API help and examples — a new plan is just a new API call, no
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WHY SIMULATION - WHY ANYLOGIC .
. Co. . ) Mnyloglcm
The plan Is deterministic. The port is not.

Simulation is the stress test a plan passes before anyone commits ships to it — inside a commercial web product. AnyLogic won
on four counts:

1 The Cloud API — the enabler 2 Real Javainside the model
Simulation as a service: TwinPort's Python backend drives runs through The model parses the plan JSON itself — the same code runs locally in
the official anylogiccloudclient library, and planners watch the development and on the cloud in production. One model, no forks.

animation in the browser. No local install, no per-seat license.

3 Multimethod + material handling 4 Native 2D/3D animation
Discrete events for the train—yard—ship flow, failure distributions and The same run that validates the plan convinces the executive — no
per-origin quality sampling — all in one model. separate visualization work.
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THE MODEL IN ACTION. . . . anylogic‘*’
The terminal, rebuilt in AnyLogic /’\"

n = 0@ C Em G © A rwang [3 2] @

3 stockyards - 17 stockpiles Car dumpers Stacker-reclaimers Ship loaders Single berth © Built entirely from the two JSON inputs

GENOA» TwinPort AnyLogic Conference 2026 10 / 19



THE MODEL IN ACTION

Three ways reality gets injected

&

Equipment failures

Every car dumper, stacker-reclaimer and ship
loader has its own MTBF / MTTR
distributions. Failures interrupt operations
mid-task, exactly as they do on the ground.

source: equipment records

GENOA» TwinPort

B

Maintenance windows

Scheduled stops per equipment are read
straight from the plan JSON — the simulation
respects the same calendar the optimizer
planned around.

source: maintenance plan

AnyLogic Conference 2026
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Ore quality variability

Each train's chemistry is sampled from a
multivariate normal fitted to the terminal's
real quality-control charts — 36 mine origins,
10 chemical attributes, correlations
preserved.

source: 2023 QC charts
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THE MODEL IN ACTION

A real plan, running

TwinPort%

Scenarios

Scenarios
Scenario

i» Port
Optimization

Table: Scenarios

Simulation

Results £ Refresh Table T, Upload ¥, Export CSV

[0 Docs

User Scenario Name ipti Port Creation Date Start Date End Date Optimized Edit Duplicate Delete Select

Sistema Default Scenario g ario for development proposes. Porto Padrio (Sistema) 2025-11-22 18:12:00 2022-10-04 2022-10-28 s m m m

ted or modified.

System Logs

[+ Logout




THE MODEL IN ACTION

From the planner's seat: one button

01 Pick a plan 02 Runin the cloud 03 Explore the results

) 3D Simulation (Animation)

(@ Sewabon compreted sccesshullyt

[> Simulation Viewer £ St D Ran M Pwse [)Stop (0 Fast () Nomsl @f Slw . Fullscreen

£ Tempo de fita dos navias

Selected Scenario Selocted Port 2
Semiache — madin amtacio — serx
N scenario selecins Porto Padria (Sistema) 45010 1453 +13.0..
Gl Port
i@ Simulation Controls ; ;
Scenario (SSON)

2 Output Values 0

Soluton_51_GRASP_FAIHAS ssan

Solmion SUGRASP_FALHAS fsom £ KPlsdo Porto 1845
o

Status

Canpa 60 equigamentn CNO|

Carga de

3

(% Refresh Scenarios +J Reset

(@) Select & scenario J50N file exportes from the Outputs page The configuration apgiies to both Animstion and No Animation simulstion modes.

I Nothing installed, nothing configured on the planner's machine — the simulation lives behind a button in the web app.
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ANSWERS ACHIEVED - QUESTION 1

How do we know the plans are any good?

@ We rebuilt the terminal's recorded October 2022 operation inside TwinPort and ranked our plans against it — same ships, same trains,

same time window.

+/ Closed ship voyages — cargo, queue time and stay +/ Per-train discharge logs — which yard received ~/ One window, ship by ship — the 11 vessels served
per vessel, from the terminal's records each train, including direct-to-ship loading in October 2022, same arrivals, same trains

Solution Ranking  refresn

All solutions for the current scenano, ranked by demurrage cost (lowest = best)

# Solution Method Ships Ship Cargo Train Cargo ED Cargo Avg Queue Demurrage Estadia Ship Load
(0 (® (t) (days) (USD) (days) %
n Solution_40_SAIL- S 1 1991455 2119077 103160 4.65 665636 68.21 100
Fast
2 Solution_38_SAIL-Fast 1 1991455 2119077 73061 707 1010972 93.87 100
3 Real 2022 Baseline 1 1910445 0 0 8.8 1258553 115.73 100

Compare tab: all plans for the scenario ranked by demurrage cost; the real baseline is the last row.
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ANSWERS ACHIEVED - QUESTION 2

What did the terminal gain?

Could every scheduled ship be served? Yes — all of them
How much demurrage could be avoided? 47% of the cost
How much shorter would the queue be? 8.8 - 4.7 days on average

Does the plan survive reality? Stress-tested in the cloud

Versus the terminal's recorded October 2022 operation, 11 ships, demurrage at US$ 13,000/day.
Demurrage figures are model estimates on real data.

SOLUTION A - BASELINE salution SOLUTION B - PROPOSAL solution

Default Scenario - Real 2022 Baseline - vs Default Seenario - Solution_40_SAIL-Fast v
Default Scenario for development proposes. Cant be edited or madified. Solution Default Scenaio for develcpment proposes. Can't be edited er medifisd, Salution
created 2022-10-26 22:32. created 2026-09-06 16:23,

© Solution B outperforms solution A
Switching from “Default Scenano - Real 2022 Baseline® to “Default Scenano « Sohution_40_SAIL-Fast” cuts the average queue by 47% and attends 11 ships with 1.9% Mt loaded. The
comparisan recommends priortizing this plan,

& Awg quese £3 Ships attended  Catge loaded % Demurage
A B A L] A 8 " B

s.ed  4.7d 1 11 1.91 Mt 1.99 Mt us$ uss
-4T% - better 5 - evel % - better 1.26 M 0.67 M

-a7% - battex

Cargo loaded over the horizon mA mB Difference drivers
Queuse reduction -47%
A
Ships attended %
Cargo loaded +4%
[ | -
start N % N end Demurrage savings _a7y

P recoenpautsd from the Saved soltions” DataFmams - demurrags USS

13,000 day
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ANSWERS ACHIEVED - QUESTION 3

What changed beyond the numbers?

B &)
From spreadsheet to auditable decisions Zero-install adoption

Every plan is stored, ranked and reproducible — scheduling stops being one Simulation runs on AnyLogic Cloud — the planning team adopted a browser
planner's private spreadsheet. tab, not a software rollout.

[m]m)

O m]m)

Confidence to negotiate A platform, not a one-off study

A plan stress-tested under failures and quality drift backs harder
conversations about laydays and berthing windows.

Terminal layout, equipment and products are configuration — the same
product fits other bulk terminals.
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ALSO ON THE PLATFORM - BGE-M3 - CHROMADB - CLAUDE HAIKU 4.5

An Al support assistant, grounded in the documentation

. <
TwinPort ¥ -
TwinPort docs — Chunk + embed —

-

Vector search Claude Haiku 4.5 Chat UI

curated via corpus.yaml BAAI/bge-m3, local ChromaDB, top-6 chunks closed context, temp 0 answer + cited source

TwinPort Support

A The documentation answers, not the model. Claude never draws on its own knowledge: it only assembles the
I say so.

T T —— retrieved TwinPort passages into a reply, in the user's language, and cites the file they came from. No passage, no
HowdoI export results as JSON? an swer

The single berth is the bottleneck in the Demo Port Top-25 by ETA scenario. It is occupied

1,051 hours out of the 2,183-hour planning window, representing 48% occupancy. Every .

upstream scheduling decision ultimately manifests as ship queue time at this berth, The ® Refuses without a source g Temperatu re 0, closed context

busiest routes are Rota 1 (43% of window), Rota 20 (30%), Rota 2 (16%), Rota 21 (8%), and !

Rota 6 (6%). No retrieved context, no answer — the question is logged instead of Output constrained to what was retrieved — no free-form model
Sources: eEHRAR AT Pl bviatard guessed at. knowledge.

o

Néo tenho relatério de resultados indexado para esse cenério. Veja na aba Outputs do D c itations requ I red O scop e-aware

D L S SR e Every answer names the exact TwinPort doc file it came from. Simulation results and optimizer internals are explicitly out of scope.
(KPIs, Ships, Compare).

o

TWinPOl‘t‘;'—”' [ What was the average queue| ] !
TwinPort Support doesn't query simulation resuits — for numbers from a run, use TwinPort's Results pages.
’rwinportﬁb [ WhHET WRS The Averape quels ] .
TeanPert Supooi does't qu aticn esdts — 10 nUmbens Fom a e, Lse TwinPor's Results pags

Status: internal pilot — validating whether documentation RAG is enough before it becomes a Genoa product feature.
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CLOSING

Three lessons from embedding cloud simulation in a
product

GENOA

Make the JSON the contract

A stable, explicit schema between optimizer and simulator let the two sides evolve independently — and made cloud vs. local execution a non-

issue.

Tolerate model versions in the cloud

Guard every new input parameter so an older uploaded model still runs — a product cannot break because the cloud model lags one release
behind.

Validate against real records, publicly

The real-operation baseline turned our KPIs from a claim into a comparison — it is the single most persuasive artifact in every client conversation.

TwinPort AnyLogic Conference 2026
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TwinPort

Thank you

QUESTIONS?

Afonso Medina
afonso.medina@genoads.com.br

Genoa Solucodes Ltda - Brazil

Funded by FAPESP - PIPE program (Innovative Research in Small Enterprises)
‘*'- Grant 23/09733-2 - “Development of a decision support tool for port task scheduling”

‘FAPESP PI: Afonso Celso Medina - Genoa Solucdes Ltda - Feb 2024 - Jul 2026 -

bv.fapesp.br/pt/auxilios/114090
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