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Industry Solution: Mining & Oil/Gas

1. Executive Summary & Industry Context

Indonesia’s coal mining and oil & gas sectors are entering a new Industry 4.0 era defined by
digital transformation, automation, and Al-driven insights. Globally and in Indonesia, industry
leaders are leveraging technologies like 10T, Al, and cloud/edge computing to enhance safety,
productivity, and sustainability. Mining companies are using Al to improve exploration
accuracy, automate heavy equipment, predict maintenance needs, boost safety, and optimize
energy use. In oil & gas, over half of industry leaders report that cloud, Al, and automation are
already disrupting traditional operations, enabling predictive maintenance, remote
monitoring, and advanced analytics to reduce downtime and improve safety. These
innovations are key to addressing mounting challenges — from volatile commodity demand
to stringent environmental regulations and ESG pressures.

Regulatory drivers in Indonesia are accelerating this transformation. The Ministry of Energy
and Mineral Resources (MEMR) now mandates ESG practices as a standard for sustainable
mining: in 2025, MEMR officials emphasized that sustainability is “not an option” and even
suspended 190 mining licenses for failing to fund mine reclamation. The Ministry of Environment
(KLHK) has implemented comprehensive rules (PP 22/2021) requiring best-available
technology for emissions control and rigorous monitoring/reporting of air and water pollution.
Meanwhile, financial regulators (0JK) require public companies to disclose ESG performance
(per OJK Reg. 51/2017), and the Indonesia Stock Exchange launched ESG metrics reporting in
2025. These policies mean mining and energy firms must gather high-quality data on
environmental and safety metrics and ensure compliance or face penalties. For example, PP
22/2021 imposes strict emission standards and technical approvals, pushing companies to
continuously monitor emissions and adopt controls in line with best technology.

At the same time, Indonesian enterprises signal a strong appetite for digital investment:
surveys show firms plan to spend ~10% of revenues on digital transformation by 2030 (above
global averages), with two-thirds prioritizing Al and over half viewing 5G/loT as essential. This
aligns with global trends — Rockwell Automation projects Al spending in oil & gas to reach $18.5
billion by 2028, with Al plus digital twins, edge computing, and automation seen as central to
efficiency and decision-making. In short, the stage is set for an Industry 4.0 leap in mining and
oil/gas: companies that harness advanced digital solutions can achieve safer operations,
higher uptime, lower emissions, and stronger competitiveness, while those that lag risk falling
foul of regulatory demands and market pressures.

Nexus Quantum’s NQRust product suite offers a comprehensive, secure foundation for this
transformation. Built with Rust for performance and safety, the NQRust ecosystem spans Al/ML
platforms, secure infrastructure, edge computing, identity and workflow tools — all aligned to
solve industry-specific pain points and meet regulatory and operational priorities. In the
following sections, we:

Industry-Specific NQRust Digital
Pain Points - Transformation
Product Suite iclidasndd
Safety, emissions, chieve
automation, ESG Improved productivity,
ESG, safety
Align products to Design distinct solution Detail use cases and Quantify benefits tied to
industry challenges architectures roadmap KPIs

Figure 1: NQRust: Secure Foundation for Digital Transformation.
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Industry Solution: Mining & Oil/Gas

Nexus Quantum’s NQRust product suite offers a comprehensive, secure foundation for this
transformation. Built with Rust for performance and safety, the NQRust ecosystem spans Al/ML
platforms, secure infrastructure, edge computing, identity and workflow tools — all aligned to
solve industry-specific pain points and meet regulatory and operational priorities. In the
following sections, we:

* Map NQRust products to mining/oil-gas challenges (safety, emissions, automation, ESG,
data maturity, etc.), and justify each component’s inclusion (Section “Product Evaluation &
Mapping”).

* Design three distinct solution architectures (entry-level, mid-maturity, and advanced)
combining these products, each tailored to different enterprise maturity and architectural
models (analytics-centric, sovereign Al, edge/agent-based) (Section “Solution Design — 3
Distinct Solutions”). For each solution, we detail:

o Problems & Challenges addressed

o Solution Architecture, with logical system diagrams (Mermaid)

o Use Cases & Adoption Roadmap (short/mid/long term)

o Business Impact (quantitative and qualitative benefits tied to C-level KPIs like
productivity, ESG compliance, safety, cost, uptime, etc.)

Throughout, we maintain an executive tone focused on strategic value — avoiding technical
minutiae or marketing fluff — to ensure this whitepaper is suitable for boardroom presentations,
government procurement discussions, strategic partnerships, and enterprise go-to-market
enablement

2. Product Evaluation & Mapping

Nexus Quantum’s NQRust Suite encompasses a range of modular platforms and tools
(NQRust—LLMOps, Enclave, Storage, Edge, Analytics, Zerocode, MicroVM, Identity, Al Appliance,
FleetMgr, BPMN, etc.). Each component addresses specific industry pain points and regulatory
requirements, from mine safety and emissions monitoring to data sovereignty and ESG
reporting. Below, we analyze each major NQRust product and map its capabilities to the needs
of the mining/oil-gas sector, considering varying data maturity levels and strategic priorities.
We also justify why each component is selected, showing how it mitigates industry challenges
or enables critical improvements:

High-
Al Operations Performance Memory-Safe Intelligent Workflow
Platform Storage Hypervisor Observability Automation
Rust-powered Al Scalable, Secure, fast Al-powered BPMN 2.0
deployment and distributed storage virtualization for monitoring and compliant process
management for big data microVMs anomaly detection automation

N
O O O O O >
P
Confidential Analytics Orchestration & No-Code Integrated Al
Computing Lakehouse Edge Application Data Center
Secure enclaves for Unified data Management Development Blueprint for
sensitive data analytics platform Unified control Visual platform for sovereign, high-
processing plane for cloud and building APIs and performance Al
edge integrations infrastructure
Figure 2: NQRust Suites Product.
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Industry Solution: Mining & Oil/Gas

e NQRust-LLMOps (Al Operations Platform): A Rust-powered platform for developing,
deploying, and operating Al models (especially large language models) at scale. In
mining/O&G, this addresses the growing need for Al-driven insights and decision support.
For example, companies can fine-tune LLMs on their internal data to power expert virtual
assistants (for field engineers or geologists), automate report generation, or analyze vast
unstructured data (maintenance logs, geological reports). Pain Point Alignment: Many
firms struggle with Al infrastructure — high costs, complexity, and compliance concerns
(data sovereignty) hinder adoption. NQRust-LLMOps tackles this by dramatically improving
performance and cost-efficiency (e.g. 4.8x faster model training and 72% lower Al
infrastructure costs) and simplifying deployment (one-click deploy, “minutes not months”
to production). Regulatory/Data Constraints: It ensures data remains secure and
sovereign - critical if sensitive operational data (e.g. seismic data or production logs) must
stay on-premises or within Indonesia for compliance. This built-in compliance (audit trails,
data locality) makes it viable for tightly regulated environments. Operational Priorities: By
accelerating Al, NQRust-LLMOps turns Al from a “science experiment” into a practical tool for
safety monitoring (e.g. computer vision models for hazard detection), predictive
maintenance (ML models forecasting equipment failures), or exploration optimization (Al
models analyzing geology). Each included capability is justified by ROI: faster Al innovation
cycles and cost leadership free up budgets and allow applying Al to front-line operations
(leading to, for instance, quicker incident response or drilling optimizations). In short,
NQRust-LLMOps is selected to give mining and energy firms a sovereign, efficient Al
backbone — enabling advanced analytics and decision support while meeting cost and
compliance demands.

* NQRust-Enclave (Confidential Computing & Secure Enclaves): A unified confidential
computing platform that allows sensitive workloads and data to run in secure enclaves with
hardware-level isolation. This component directly addresses data privacy, IP protection,
and regulatory compliance concerns. In mining/O&G, certain data (e.g. strategic reserve
estimates, proprietary Al models, personal worker data) are highly sensitive. NQRust-
Enclave enables processing such data with full encryption in use — ensuring no leakage
even in multi-tenant or cloud environments. It provides a consistent APl across enclave
technologies (Intel TDX, AMD SEV-SNP, even NVIDIA's GPU enclaves) and achieves very fast
initialization (<125 ms) with minimal performance overhead (2-5%). Regulatory Alignment:
This helps satisfy strict data protection laws (e.g. Indonesia’s PDP Law for personal data, or
requirements to protect confidential geological data) through technical controls like
memory encryption and remote attestation. For example, a mining firm can run an Al model
on sensitive exploration data within an enclave — proving to auditors that the data was
never exposed in plaintext and that only authorized code ran (via attestation). Industry
Pain Points: Trust and security in partnerships - Enclave tech allows sharing data or
running joint Al models with third parties (e.g. between an operator and a service
company) without exposing raw data, mitigating IP theft or compliance breaches. It's
justified in our solutions whenever secure collaboration or cloud adoption is needed under
regulation. By selecting NQRust-Enclave, firms get the confidence to leverage cloud or
multi-party data analytics (important for complex projects) while preserving data
confidentiality and sovereignty (no foreign access to unencrypted data — a key concern
under data sovereignty rules).
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Industry Solution: Mining & Oil/Gas

e NQRust-Storage (High-Performance Distributed Storage): A scalable, rust-based storage
fabric optimized for big data and Al workloads. It underpins the data layer with features like
multi-tier storage (hot NVMe, warm SSD, cold HDD, archive object), inline
compression/deduplication (50-99% space savings), and erasure coding for 11x9's
durability. For industry, this means a robust data backbone capable of handling everything
from IoT sensor streams to seismic datasets. Data Maturity Alignment: At low maturity,
companies often suffer siloed, slow databases that delay decisions. NQRust-Storage
provides a unified data lake store that can ingest and retrieve large sensor logs or video
feeds with high throughput. Pain Points: Mining and O&G generate massive volumes of
data (e.g. drilling sensor feeds, geological models, production telemetry). Traditional
storage can be a bottleneck — e.g. Al analytics might stall waiting for data. NQRust-Storage
is built to prevent that, delivering millions of IOPS and 15 GB/s per node throughput, with <100
ps latency on hot tier. This ensures real-time data is readily available for analytics or Al
models (crucial for operational safety systems or real-time equipment monitoring).
Operational Priorities: Reliability and cost - it provides 11 nines durability and auto-healing,
critical for archiving compliance data (e.g. emissions logs must be stored safely for years).
It also cuts storage TCO by ~89% vs legacy SAN/NAS, which justifies replacing expensive
proprietary storage with this solution to handle growing data within budget. We include
NQRust-Storage in solutions to guarantee a scalable, cost-efficient data foundation that
meets both the performance demands of Industry 4.0 analytics and the retention/backup
needs of ESG compliance.

e NQRust-Lake (Analytics Lakehouse Platform): A unified data analytics platform built on
the above storage, combining a data lake’'s flexibility with data warehouse analytics
features. NQRust-Lake supports batch and streaming data, ACID transactions, time-travel
queries, and uses a Rust-native query engine for high-performance SQL analytics. This
directly addresses the industry’s need to turn raw data into actionable insights quickly. Pain
Point Alignment: Many mining/oil-gas firms still rely on spreadsheets or fragmented
databases that make reporting slow and analysis reactive. NQRust-Lake dramatically
accelerates analytics — providing 5-10x faster query speeds for interactive analysis, and
delivering sub-second insights where legacy systems took hours. This speed is essential for
decision agility - e.g. allowing daily production optimizations or real-time drilling
adjustments instead of waiting for end-of-week reports. Strategic Priority: ESG and
operational reporting — NQRust-Lake can unify environmental sensor data, production data,
and business data in one platform, simplifying compliance reporting (e.g. automatically
computing emission metrics for PP 22/2021 reports or OJK sustainability reports). It has
governance features like lineage tracking and fine-grained access control to ensure data
quality and auditability for regulatory needs. Data Maturity Fit: Even companies at a “low”
data maturity can start by centralizing disparate data into NQRust-Lake as a single source
of truth, then gradually adopt more advanced analytics. The justification for including
NQRust-Lake is its impact on business outcomes: it turns data from a burden into a
“competitive advantage engine” by enabling proactive, data-driven strategies. Notably, it
can reduce total analytics infrastructure costs by ~68%, achieving quick ROI (often <1 year)
— an important point for executives planning large digital investments.
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Industry Solution: Mining & Oil/Gas

e NQRust-HV (Memory-Safe Hypervisor & MicroVM Platform): NQRust-HV is an enterprise
hypervisor written in Rust, offering secure, extremely fast virtualization (VM boot times ~100
ms) and strong isolation. It effectively replaces legacy VM platforms (like VMware) with an
open, secure alternative. For industrial firms, this is key to building private clouds or edge
computing clusters with lower cost and better security. Pain Points: Legacy virtualization
can be costly (licensing) and risky (hypervisor vulnerabilities). In fact, ~70% of infra breaches
stem from memory-safety bugs in hypervisors. NQRust-HV's Rust architecture eliminates
these vulnerabilities (zero memory-corruption CVEs) and thus reduces cyber risk and even
cyber insurance premiums. It also cuts VM infrastructure TCO by ~74% and avoids vendor
lock-in. Operational Fit: In mining/0&G, many emerging applications (e.g. digital twins,
real-time Al processing) require deploying compute close to operations (on the edge or
on-prem data centers). NQRust-HV enables running many micro-VMs efficiently at these
locations — think of micro-VMs as lightweight, quickly-launchable VMs ideal for isolating
specific functions or running containerized workloads with stronger isolation (100 ms launch
means dynamic scaling and on-demand “serverless” tasks are feasible at the edge). By
selecting NQRust-HV/MicroVM, our solutions ensure a secure, flexible computing layer that
can host everything from ERP systems to Al microservices either in central clouds or at
remote sites, with full data sovereignty (important for Indonesian government or corporate
rules on local hosting). Its extremely fast provisioning improves developer and engineer
productivity (no waiting 30-60 seconds for VMs) and supports elastic scaling of analytic
workloads or digital services, which is crucial as organizations modernize.

» NQRust-FleetMgr (Unified Orchestration & Edge Management): A single control-plane to
manage containers, VMs, microVMs, and Al workloads across cloud and edge
environments. FleetMgr is essentially an operations platform ensuring all NQRust
components (and existing infrastructures like Kubernetes clusters) can be controlled from
one pane of glass. In an industry context, this addresses the complexity barrier: many firms
struggle with fragmented tooling — one system for IT servers, another for loT devices,
another for analytics, etc, leading to silos and high overhead. FleetMgr resolves this by
unifying orchestration, yielding up to 70% operational cost reduction and 10x efficiency
gains via unified workflows. Why it's selected: As mining/O&G enterprises progress to
advanced digital maturity, they will operate hybrid clouds and humerous edge sites (mine
sites, rigs, vehicles). FleetMgr provides centralized governance over this distributed
compute fabric — crucial for enforcing security and compliance consistently. For example,
FleetMgr has built-in compliance automation for Indonesian regulations (data residency
enforcement, one-click regulatory reporting, etc.), ensuring that even edge deployments
adhere to OJK, MEMR, or data localization rules by design. It also features intelligent
scheduling that can improve resource utilization (e.g. driving GPU utilization from ~35% to
90% by pooling workloads) - this means expensive assets like Al servers or edge devices
are used efficiently, an important cost factor. Operational Priorities: FleetMgr directly
supports reliability and uptime KPIs: by managing failover, updates, and monitoring across
all sites, it helps achieve near-zero downtime (e.g. some deployments reached 99.999%
availability with FleetMgr’s intelligent failover). In summary, we include NQRust-FleetMgr to
enable enterprise-grade management at scale — it turns a chaotic mix of OT/IT systems
into a cohesive, secure, and automated cloud-edge continuum, which is vital for large
mining or energy companies with operations spread across regions.
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Industry Solution: Mining & Oil/Gas

e NQRust-Insight (Intelligent Observability & Monitoring): An Al-powered infrastructure
monitoring platform that provides real-time observability, anomaly detection, and
automated issue resolution across systems. While originally aimed at IT infrastructure, its
capabilities are equally applicable to monitoring industrial infrastructure (servers, networks,
or even loT devices in the field). Industry Pain Points: Downtime and undetected issues can
be catastrophic (e.g. an unseen drilling sensor failure can lead to costly downtime or safety
incidents). Traditional monitoring yields “alert fatigue” and reactive firefighting. NQRust-
Insight transforms this into proactive management: it uses ML to spot anomalies, correlates
events across silos, and can trigger self-healing actions. The result is up to 87% reduction in
incidents/outages, 94% automation of routine tasks, and 99.9% uptime via predictive
maintenance. For a mining/oil enterprise, this means fewer unexpected equipment failures
(because subtle warning signs are caught early) and near-continuous operations — directly
boosting production uptime and safety. Regulatory/Safety Fit: Insight can also feed into
safety compliance — e.g. monitoring that critical alarms or safety systems are always online
and functioning, thereby ensuring compliance with safety regulations. Data Maturity: Even
an entry-level digital organization can deploy NQRust-Insight to get immediate gains by
observing existing equipment and IT systems, reducing the burden on IT/OT teams and
preventing incidents. We justify NQRust-Insight in solutions where reliability and
operational excellence are top priorities (which, in heavy industries, they always are) - its
quantified impact on reducing downtime and costs (65% less resource waste, for instance)
supports C-level goals of maximizing asset utilization and meeting production targets
safely.

e NQRust-Zerocode (No-Code Application Development): A visual, drag-and-drop platform
for building enterprise-grade APIs, integrations, and backend services without writing code.
In industries where software development talent may be scarce (or where OT engineers
aren't coders), Zerocode empowers domain experts to create digital solutions themselves.
Use Cases in Mining/0&6: Rapidly building custom apps like a safety incident reporting
workflow, an inventory tracker for spare parts, or an APl that aggregates sensor readings for
analytics — all possible with visual tools. The benefit is 90% faster development cycles and
up to 75% lower dev costs, as well as the ability to integrate heterogeneous systems easily
(zerocode comes with pre-built connectors and generates Rust-optimized code under the
hood for performance). Operational Impact: By including NQRust-Zerocode, a mining/oil
company can be far more agile in digitizing processes — instead of months of software
projects or expensive consultants, an analyst could, for example, create a workflow to
automatically consolidate all mine site daily reports into a dashboard. This is crucial for
reaching higher data maturity: it lowers the barrier to automation. Regulatory Alignment:
Zerocode also supports integrating compliance checks or forms — e.g. quickly building a
web form for environmental data input that feeds into the central analytics, or automating
a regulatory report submission process. We select Zerocode to accelerate digital
transformation on the ground: it addresses the talent gap (not enough software
developers on staff) by enabling existing teams to create the software tools they need,
thereby fostering innovation and process improvement at minimal cost.
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Industry Solution: Mining & Oil/Gas

e NQRust-BPMN (Workflow Automation Platform): An enterprise workflow and process
automation system supporting the BPMN 2.0 standard. This tool is about streamlining and
standardizing business processes through visual workflow modeling and automation. In
mining and oil/gas, many processes — from maintenance scheduling and permit-to-work
systems to procurement and logistics — are still manual or paper-based, causing delays
and errors. Pain Points: Manual processes lead to inefficiency (40% of employee time
wasted on low-value tasks) and inconsistency, and make compliance harder (missing
audit trails). NQRust-BPMN addresses this by allowing companies to quickly model their
workflows (using a universal notation) and then execute them on the platform with full
tracking. The results can be dramaitic: up to 85% process efficiency gains and 70% cost
reduction by eliminating manual steps. Regulatory/ESG Tie-In: Many compliance activities
are process-heavy — e.g. environmental incident response or community grievance
handling procedures. By automating these with BPMN, firms ensure every step is done and
recorded (automatic audit trails and compliance checks built in). Also, health and safety
management can be improved — e.g. automating safety inspections or training workflows.
Justification: We include NQRust-BPMN especially in scenarios where operational and ESG
processes need to scale. As companies grow or face stricter standards, manual processes
won't suffice; BPMN provides a way to enforce best practices enterprise-wide. It's selected
to drive standardization, agility, and governance - executives can be confident that
critical processes (like incident responses or maintenance approvals) are executed reliably
and efficiently, contributing to KPIs like reduced downtime (since e.g. work orders flow
faster) and improved compliance (zero missed steps in safety procedures, etc.).

e NQRust Secure Al Appliance [ Al Data Center (Integrated Stack): Finally, NQRust offers its
components as a cohesive “Secure Al Data Center” solution — essentially a blueprint or
appliaonce combining NQRust-HV, MicroVM, SecureGPU, Enclave, Storage, Lake, etc,, to stand
up a secure, high-performance Al infrastructure. This is highly relevant for advanced users
in mining/oil-gas who aim for sovereign Al capability on-premises (for data-sensitive Al
workloads) or in remote locations. For example, an oil company might deploy an Al
applionce at a central data hub to process all field data with minimal cloud reliance,
ensuring latency and data control. The NQRust Al stack is designed for mission-critical
reliability (99.99% uptime) and extreme performance, e.g. <100 us storage latency and
multi-terabyte/s throughput to support large model training. It also integrates confidential
computing and multi-tenant GPU sharing (NQRust-SecureGPU allows slicing GPUs securely
to get 3.2x utilization) so that costly Al hardware is fully utilized but isolated between teams
or tasks. We consider this “Al Appliance” concept in solutions where the enterprise is ready
for a sovereign Al cloud - it directly addresses issues like Al scalability, data residency, and
ROI on Al hardware. Justification: The integrated approach ensures all pieces work
optimally together (no integration chaos) and is future-proofed for Al growth (e.g. it can
handle the shift from dozens to hundreds of models or from gigabytes to petabytes of
data). It's selected for advanced scenarios to give boards and decision-makers confidence
that an in-house Al platform can match world-class capabilities (with lower long-run cost
than outsourcing). For instance, it reduces combined Al infrastructure costs 60—-85% vs
using siloed cloud services, while meeting sovereignty and security criteria — a combination
that is particularly attractive for government or strategic industry deployments in Indonesia.

Mapping Summary: Each NQRust component above was chosen to tackle a specific
intersection of industry pain point and priority: NQRust's analytics and Al tools (Lake, LLMOps,
Insight) turn raw data into foresight (boosting productivity and proactive management); its
secure infrastructure (HV, Enclave, SecureGPU, MicroVM) provides the foundation to deploy
these solutions at scale safely and cost-effectively (ensuring compliance and high ROI); its
orchestration and workflow tools (FleetMgr, BPMN, Zerocode, Identity) ensure that technology
is well-managed, integrated, and aligned with processes and governance rather than
creating new silos.
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Focus Area |
Challenge

Relevant NQRust
Components

Insight (anomaly detection),

Worker Safety & Edge + MicroVM (local Al for

Operations
Control

Equipment
Uptime &
Maintenance

Environmental
Monitoring &
Emissions

ESG &
Regulatory
Compliance

Automation &
Productivity

Data Maturity &
Integration

safety), FleetMgr (centrall
command), BPMN (incident
workflows)

Insight (predictive
monitoring), LLMOps
(predictive models),
SecureGPU (GPU sharing for
maintenance Al), Edge (on-
site analytics)

Lake (central ESG data
lakehouse), Edge/IoT (sensor
data ingestion), Analytics
(fast reporting), Enclave
(secure env. data sharing),
BPMN/Zerocode (automated
reporting)

Identity (zero-trust access),
FleetMgr (policy
enforcement), BPMN
(compliance workflows),
Lake (auditable data)

Zerocode (rapid app creation),
BPMN (process automation),
LLMOps (Al assistants),
Autonomous Edge (robotics)

Lake & Storage (unified data
platform), FleetMgr
(integration of edge/cloud),
Zerocode (integration
connectors), Identity (single
sign-on for all systems)

How They Address It

Real-time hazard monitoring, automated
shutdowns or alerts on anomalies, unified
control of autonomous equipment,
standardized incident response processes.

Predictive maintenance Al reduces unplanned
downtime ~30-50%, edge analytics catch
issues early, multi-tenant GPU utilization
ensures all equipment data can be analyzed
without GPU bottlenecks.

Continuous emission data collection to meet
PP 22/2021 standards, automated analysis of
emissions vs limits (alert if nearing), one-click
sustainability report generation (per OJK/IDX
requirements), and enclaves to share data
with regulators or partners without leaks.

Enforce data localization and access control
(e.g. ensure certain sensitive data stays in
Indonesia), maintain immutable audit trails for
all processes (useful for demonstrating
compliance), automate compliance checks
(FleetMgr auto-checks configurations against
OJK/MEMR policies).

Enables digital workflows replacing manual
tasks (up to 85% efficiency gain), Al assistants
(e.g. Copilot-style help for engineers) to save
employee time — e.g. one pilot saw thousands
of hours saved monthly with Al copilots, and
autonomous vehicles or drilling systems
working 24/7 to increase output (autonomous
haulage already showed ~15%+ productivity
gains and lower costs).

Breaks down data silos — all operational and
enterprise data flows into one platform for a
“single source of truth”. Integration tools ensure
legacy systems (e.g. SCADA, ERP) connect into
the new platform easily. Identity provides
seamless yet secure user access to all new
digital tools (one login, eliminating credential
sprawl and reducing IT overhead by ~80%).

Table 1: illustrates how the products map to key focus areas for mining and 0&G (continue).
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By mapping capabilities in this way, we ensure each NQRust component in the following
solutions is explicitly justified in terms of solving real industry problems or enabling mandated
outcomes. Next, we present three distinct solution designs that assemble these components
into end-to-end solutions for organizations at different stages of digital maturity.

3.Solution Design - 3 Distinct Solutions Overview

We propose three progressively sophisticated solutions, each combining multiple NQRust
components into a coherent architecture. They are tailored by architectural model and
enterprise maturity level:

Edge-optimized, agent-based solution for
advanced maturity

Q Sovereign Al

Hybrid analytics and private Al for growing
maturity

Analytics-centric solution for entry-level
maturity

Figure 3: NQRust Solution Hierarchy

 Solution 1: “Digital Foundations & Analytics Hub” — an analytics-centric solution for
entry-level maturity enterprises. Focuses on establishing a strong data foundation and
basic automation to address immediate pain points (compliance reporting, siloed data,
basic safety monitoring). Emphasizes quick wins in analytics and ESG compliance using a
largely centralized model (cloud or data center-centric).

e Solution 2: “Sovereign Al and Automation Platform” — a sovereign Al cloud solution for
growing (mid-level) maturity enterprises. Combines on-premises Al capabilities with
process automation to optimize operations (maintenance, production, safety) while
keeping data on-prem (or within country) for compliance. Represents a hybrid analytics +
private Al architecture.

e Solution 3: “Autonomous Operations Network” - an edge-optimized, agent-based
solution for advanced maturity enterprises. Distributed intelligence with Al at the edge
(mine sites, oilfields) enabling near-autonomous operations (e.g. fleets of autonomous
vehicles, real-time adaptive control systems). Highly sophisticated architecture with many
components orchestrated in unison, aiming for moaximum automation, safety, and
efficiency.

Each solution is described with its specific Problem Context, Architecture (and Mermaid
diagram), Use Cases/Roadmap, and Business Impact. The solutions are distinct yet form a
roadmap of digital transformation — an entry-level company might start with Solution 1 and
then evolve through Solution 2 to Solution 3 over a decade, as capabilities and readiness grow.
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3.1Solution 1: Digital Foundations & Analytics Hub (Entry-Level, Analytics-Centric)
3.1.1Problems & Challenges

Fragmented Data Implement Proactive
& Manual Data Decision-Making
processes lm.gnﬁon Real-time visibility,
reduced downtime

Slow reporting,
compliance issues

Store data in one place Connect devices for Generate reports Proactive decisions on
real-time data automatically safety, maintenance

Figure 4: Problems & Challenges Solution 1.

A typical entry-level mining or oil/gas company faces fragmented data, manual processes,
and mounting reporting demands. Data Silos & Slow Reporting: Operational data (production
logs, HSE incident records, environmental readings) are scattered in spreadsheets or legacy
systems, making it slow to compile reports — e.g. monthly ESG reports take weeks, causing
delays and potential non-compliance. ESG Compliance Pressure: New regulations (like OJK's
sustainability reporting, MEMR’s reclamation fund requirements) demand accurate data
tracking and transparency that current manual processes struggle to provide. Operational
Inefficiencies: The company likely experiences frequent production downtime or safety
incidents that could be mitigated with better monitoring; however, they lack real-time visibility
- maintenance is reactive, and safety monitoring is basic (perhaps periodic inspections with
paper checklists). Resource Constraints: They have a small IT team and limited analytics
expertise — any solution must be easy to adopt (ideally minimal coding) and demonstrate
quick ROl to get management buy-in. In summary, Solution I's context is an organization
wanting to get the fundamentals right: a central place for their data, basic loT integration,
automated reporting, and the first steps into Al-driven insight (without heavy infrastructure or
expertise needs). The goal is to break out of reactivity — instead of scrambling for data or
firefighting issues, they want dashboards and alerts that enable proactive decisions on safety,
maintenance, and compliance.

3.1.2 Solution Architecture

Digital Foundations & Analytics Hub will establish a cloud or on-premise data platform that
consolidates all critical data and provides analytics and basic automation capabilities. The
architecture (diagram below) is analytics-centric, meaning at its core is the NQRust-Lake
data lakehouse and analytics stack, surrounded by data ingestion and reporting layers. This
solution uses a mostly centralized model (data and compute in a central system, e.g. a
company’s Jakarta HQ data center or a secure cloud region) with light edge connectivity. Key
components in this architecture include:

Analytics &
NQRust- NQRust- Dashboard
Zerocode Identity Layer
Provides rapid app Unifies access Builds executive
and workflow control with single dashboards for data
Centralized creation sign-on visualization Decentralized

NQRust-Lake NQRust-Insight Data Ingestion

Unified data Monitors Layer
lakehouse stores infrastructure and Gathers data from
queryable data critical systems local sensors
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Figure 5: Solution components range from centralized to decentralized data processing.

* NQRust-Lake & Storage: at the core, a unified data lakehouse that ingests data from
various sources — production databases, spreadsheets, |oT sensors — and stores it in a
queryable, secure repository. NQRust-Storage underpins this with reliability and
performance. This central hub enables self-service analytics and powers reporting
dashboards.

* NQRust-Zerocode & BPMN: on top of the data platform, these provide rapid app and
workflow creation. Zerocode is used to build needed APIs and integration jobs (e.g. a daily
ETL that pulls sensor data from a CSV export into the lake, or an API for field supervisors to
submit reports via a mobile form). BPMN automates processes like incident reporting: e.g. if
a safety incident is logged, a BPMN workflow automatically notifies managers, triggers an
investigation task, and logs the steps — ensuring compliance with safety procedures.

* NQRust-Insight (lite deployment): initially focusing on monitoring the new infrastructure
and any critical systems (e.g. monitoring the health of the data pipeline, and possibly key
OT equipment via simple metrics). It provides anomaly alerts — for example, if a sensor
stops sending data or a generator's temperature rises beyond normal, Insight can alert the
team to check it.

e NQRust-Identity: implemented early to unify access control. All new systems (data
platform, dashboards, etc.) use a single sign-on tied to corporate AD/LDAP, enforcing MFA
and role-based access. This improves security (important as digital systems expand) and
ensures only authorized staff access sensitive data, supporting compliance (e.g. only
environment officers can certify emissions data).

* Data Ingestion Layer (Edge/loT Gateway): a lightweight edge component — e.g. a small
NQRust-Edge runtime or loT gateway - is placed at a site to gather data from local PLCs or
sensors (such as an air quality sensor near a mine pit, or a vibration sensor on a critical
pump). This gateway batches and sends data to the central Lake. It may run on a rugged
industrial PC and use NQRust-MicroVM to isolate the data collector services.

e Analytics & Dashboard Layer: While not a separate NQRust product, this solution would
include building executive dashboards (using a Bl tool or custom web dashboard possibly
powered by NQRust-Analytics or even a tool like Superset connected to NQRust-Lake).
These dashboards visualize key metrics: production volume, downtime hours, incident
count, carbon emissions, etc,, updated in near real-time from the lakehouse. NQRust-Lake’s
query engine handles these fast queries.

Below is a high-level Mermaid diagram illustrating Solution 1's architecture and data flows:
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Figure 5: Solution 1 Architecture.
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A centralized data and analytics hub with light edge connectivity. Data from field sensors and
existing systems flows into NQRust-Lake (via edge gateways or Zerocode integrations).
NQRust-BPMN automates workflows (e.g. reporting, incident handling) while NQRust-Insight
provides monitoring. Identity and SSO secure all user access. Dashboards provide visibility to
executives and managers

3.1.3Use Cases & Business Adoption Roadmap

This solution sets the stage for digital transformation with a focus on short-term wins that
build momentum.

e Key
cherseteriste “
ESG Dashboard, ]

Short-Term (0-12 months)

Mid-Term (1-2 years)

Long-Term (3-5 years)

Figure 7: Use Cases & Business Adoption Roadmap Solution 1.

* Short-Term (0-12 months): Foundational Data Integration and Reporting. The company
would deploy NQRust-Lake and ingest key historical data (e.g. last 2 years of production
and environmental data) to create a single source of truth. Using NQRust-Zerocode, they
can quickly connect one or two critical data sources (for example, automating import of
daily production figures from an Excel sheet into the lake, or pulling equipment runtime logs
from an on-site SQL server). The immediate goal is to replace manual monthly reports with
live dashboards — for instance, an ESG Dashboard that tracks emissions vs. targets, water
usage, and any incidents. NQRust-BPMN is used to digitize one manual process, perhaps the
“daily safety checklist” field supervisors submit a digital form (built via Zerocode) each day,
which BPMN routes to the safety officer and logs in the system (no more paper).
Management starts receiving automated weekly reports generated from the lake (e.g. a
sustainability report emailed every Monday, compiled automatically). In this phase, benefits
like reduced report prep time (from weeks to clicks) are realized, validating the investment.

e Mid-Term (1-2 years): Process Automation and Predictive Insights. With core data
centralized, the company can layer on more advanced use cases. They expand |oT sensing:
e.g. install vibration and temperature sensors on critical machines (pumps, generators)
and feed that into NQRust-Lake via the edge gateway. NQRust-Insight is configured with
anomaly detection on these signals to implement predictive maintenance alerts — after
some months of data, it might detect patterns (like rising vibration preceding a failure) and
alert maintenance ahead of time. The company also automates more workflows with
NQRust-BPMN: e.g. an “Environmental Compliance Workflow” for any emissions exceedance
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— if a sensor reading goes above threshold, a BPMN process auto-notifies the
environmental manager, logs the incident, and creates a task to investigate cause,
ensuring proper follow-through (all steps recorded for audit). Another use case: integrate
HR and training records via Zerocode to ensure only certified operators run certain
machinery (tying into safety compliance — possibly linked with Identity for login restrictions
on control systems). By year 2, the enterprise has moved from reactive to proactive in key
areas: maintenance is now scheduled by condition-based triggers rather than calendar
only, and compliance data is continuously collected rather than assembled under deadline
pressure.

Long-Term (3-5 years): Data-Driven Culture and Scaling Up. Having seen success, the
company extends the analytics hub to cover all sites and departments. All mines or
facilities stream data into the central lake in real-time, scaling the NQRust-Storage cluster
accordingly (which is feasible given its petabyte scalability). They might incorporate
external data too — e.g. market or weather data - for richer analysis (like correlating rainfall
with mining output for planning). Employee behavior adapts: middle management uses the
dashboards daily for decision support; executives use an Al assistant (perhaps powered by
NQRust-LLMOps hooking into the lake) to query “natural language” questions like “what was
our average cost per ton last quarter and how did rain days impact it?”. In essence, the
organization achieves a data-driven culture — decisions large and small are backed by up-
to-date data from the hub. On the tech side, they might begin exploring advanced
analytics like machine learning models using the accumulated data (e.g. a basic model to
forecast equipment failure probabilities — which could be deployed using the existing
infrastructure). By year 5, the groundwork is laid to transition into a more Al-intensive
platform (which is essentially Solution 2) - they have clean, centralized data and some
automation, which is a perfect launchpad for deeper Al and autonomy projects.

3.1. 4 Business Impact

Solution 1 delivers concrete improvements visible to the C-suite, building the business case for
further digital investment. Key impacts include:

Downtime
Reduction

Predictive
maintenance

Efficiency Safety
Gains Improvement
Unified data system Real-time alerts
ESG Solution 1
Compliance Digital
transformation Cost Savings

Automated data initiative

capture Quick ROI achieved

Figure 8: Solution 1Drives Business Impact.

Enhanced ESG Compliance and Reputation: Automated data capture and reporting
virtually eliminate compliance delays and errors. Instead of scrambling to meet regulatory
report deadlines, the company can demonstrate audit-ready ESG data on demand. This
reduces risk of fines or license suspensions. For example, reclamation fund tracking and
environmental monitoring are digitized, ensuring the company meets MEMR and KLHK
requirements (avoiding scenarios like the 190 licenses frozen for non-compliance).
Externally, the ability to publish reliable ESG metrics improves stakeholder trust (a plus for
investors, regulators, and community relations).
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e Operational Efficiency Gains: Even without heavy automation, having a unified data
system and basic process digitization yields efficiency gains. Employees spend far less time
on manual data aggregation — freeing up easily 10-20% of managerial time that was spent
hunting for information. Workflows like incident reporting or maintenance requests being
digital can cut process turnaround times by weeks. For instance, if a maintenance request
used to go through paper approvals taking 5 days, BPMN might reduce it to 1 day. Overall
productivity (output per employee) can rise as much as 5-10% in early stages due to these
streamlining efforts.

e Downtime Reduction and Asset Utilization: With initial predictive maintenance and better
monitoring, unplanned equipment downtime should start to decrease. Studies show
predictive maintenance can cut unplanned downtime by 30-50% - in our early
deployment, even a conservative 15-20% downtime reduction might be achieved on
targeted equipment. Every percentage point of uptime directly adds to production output;
e.g. a 20% downtime cut on a critical crusher or rig could translate to hundreds of additional
operating hours, worth millions in output. Better utilization also means maintenance
budgets stretch further (fix issues when they're small, avoid catastrophic failures).

» safety and Risk Management: Digitizing safety checklists and incident workflows,
combined with real-time alerts, leads to a safer work environment. Leading indicators of
safety (like hazard observations, near misses) are captured rigorously, enabling the HSE
team to take preventive actions. We can reasonably target a reduction in recordable
incidents — potentially 10-20% in the first few years - thanks to faster response and
increased visibility. In the long run, as more analytics kick in, the company strives for the
Industry 4.0 ideal of zero harm. Early warning alerts (e.g. from NQRust-Insight detecting
anomalies) help avoid accidents (for example, detecting a failing sensor on a ventilation
system before it causes a dangerous gas build-up). Lower incident rates not only protect
workers but also reduce downtime from stoppages and improve compliance with safety
regs.

* Cost Savings & ROI: Solution 1 is designed to be relatively low cost (leveraging cloud or
modest on-prem hardware) but delivers quick wins — often achieving ROI within the first
year. Quantitatively, the company saves on labor (less manual report prep and admin -
which could be tens of thousands of dollars annually). By consolidating data infrastructure,
they may also retire some legacy software licenses. Using NQRust-Lake (open formats on
commodity hardware) instead of a traditional data warehouse can save significant license
costs, contributing to the ~68% TCO reduction noted earlier. Overall, a Return on Investment
(RoI) within 12-18 months is plausible, considering the value of prevented downtime, labor
savings, and avoided compliance penalties. This solution sets a foundation that unlocks
further value - it's an enabler for advanced capabilities that come next, which have
exponentially larger payoffs.

Solution 1 transforms the organization’s nervous system

from scattered nerves to a central brain that collects and analyzes inputs and coordinates
responses. Executives gain real-time visibility into operations and ESG performance, front-
line managers get better tools, and the company as a whole becomes more agile and
compliant. This creates the confidence and infrastructure base to tackle Solution 2.

\, y
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3. 2 Solution 2: Sovereign Al & Automation Platform (Growth Maturity, Sovereign Al Architecture)
3.2.1Problems & Challenges

Mid-Level Digital : ' Embedded Al
Maturity . Operations

Scaling and optimizing Al and automation in
digital initiatives daily operations

l l

Deeper Al integration Sovereign Al capability Unifying platforms, Robust Al infrastructure
needed required automating DevOps needed

Figure 9: Problems & Challenges Solution 2 [Sovereign Al for Digital Maturity].

By the time an enterprise reaches mid-level digital maturity, it has likely implemented
foundational systems (like those in Solution 1) and now faces a new set of challenges: scaling
and optimizing digital initiatives, and dealing with more complex data/Al needs — all while
keeping data secure and compliant. Key pain points at this stage include: Plateauing
Productivity - initial easy gains were achieved, but to get further improvement, deeper
integration of Al and automation is needed. For instance, maintenance is still schedule-based
with moderate improvements; to really cut costs, they need advanced predictive models and
maybe Al that can prescribe actions. Data Volume and Locality — data from multiple sites has
exploded (sensors everywhere, 24/7 telemetry). Cloud services could be used to process it, but
concerns arise around data sovereignty (e.g. geological data or personal data leaving
Indonesia) and connectivity (remote sites may have limited bandwidth). The company thus
needs a “sovereign Al” capability — the power of cloud-like AlI/ML but under their control.
Talent and Complexity - implementing advanced analytics and integrating multiple new
systems is getting complex for the team; they need unifying platforms and possibly
automation of the DevOps/MLOps tasks. Use Case Pressure — leadership now wants more
advanced use cases: e.g. real-time drilling optimization using Al, computer vision for safety
compliance (PPE detection), or autonomous control of certain processes. These require a
robust Al infrastructure (for model training, deployment, and low-latency inference at sites). In
summary, Solution 2's company is aiming to go from doing analytics on historical data to
embedding Al and automation into daily operations, while managing data responsibly. The
architecture must support heavy computing (Al) and automation workflows, with data
governance, security, and integration at scale.

3. 2.2 Solution Architecture

Sovereign Al and Automation Platform is designed as a hybrid cloud (on-premises or private
cloud) that brings cloud-native Al capabilities into the enterprise’s control. It builds upon
Solution 1I's components and adds heavier AI/ML infrastructure and orchestration. The
architecture now shifts to a sovereign Al model: a dedicated Al platform (using NQRust-
LLMOps, SecureGPU, etc.) runs in a secure enterprise data center (or edge cloud) enabling
model training and large-scale data processing internally. At the same time, expanded use of
edge computing allows for deploying Al inference and automation closer to operations, though
still orchestrated centrally. Key additions/changes in this solution’s architecture:
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Figure 10: Enhancing Solution Architecture.

* NQRust-LLMOps Platform: The company deploys its own AI/ML ops platform on high-
performance servers (with GPUs) either at HQ or a regional data center. This platform
(NQRust-LLMOps) provides the tools to train, fine-tune, and deploy Al models (including
large language models or other algorithms) securely and efficiently. It is integrated with
NQRust-Lake (so it can easily access the curated data) and with FleetMgr for resource
scheduling. This is the Al engine that allows data scientists or engineers to develop models
for use cases like predictive maintenance, production optimization, or even generative Al for
document analysis. Importantly, because it's on-prem, it respects data sovereignty and
can utilize NQRust-SecureGPU to share expensive GPU resources among different Al projects
securely.

e Expanded Orchestration with NQRust-FleetMgr: Now introduced (if not already) to
coordinate multi-cloud and edge resources. FleetMgr will manage the on-prem Al servers
(with HV/MicroVM for isolation), any remaining cloud workloads, and edge deployments as
one environment. For example, deploying a new Al model as a microservice to all mine sites
becomes a one-click operation via FleetMgr's control plane. It also ensures compliance
policies (like data stays on certain nodes) and optimizes resource use (auto-scheduling Al
jobs to run at night when more GPU s free, etc.).

« Edge Intelligence: At each maijor site (mine, oilfield, plant), the solution deploys a local Edge
node or cluster. This could be a ruggedized server running NQRust-HV/MicroVM with some
GPUs or TPUs, managed by FleetMgr as “Edge nodes”. These are for low-latency Al
inference and automation tasks. For instance, computer vision cameras on a mining truck
or at a site entrance feed video to an on-site edge server which runs an Al model (deployed
from LLMOps hub) to detect safety infractions or equipment anomalies in real time, without
sending all video to HQ. The edge nodes also act autonomously if disconnected (running
critical control loops). NQRust-Enclave can be used here if needed, to protect sensitive Al
models or data at the edge (e.g. if multiple parties use the same edge hardware, enclaves
isolate each tenant’s IP).
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¢ Process Automation & Integration Upgrade: Solution 2 likely involves deeper integration of
IT and OT systems. NQRust-BPMN and Zerocode are used in more ambitious ways. For
instance, a fully automated Permit-to-Work system could be implemented: workers
request permits in an app, BPMN routes for approval, Al (via LLMOps) could even analyze the
request for missing info or cross-check it against safety rules (augmenting human
decision). Zerocode might connect live data streams into these workflows (e.g. disallow a
maintenance permit if gas detector readings (via Lake) are too high). Essentially, more
agent-based automation emerges: digital “agents” handle routine decisions under set
policies, only escalating to humans when necessary.

* NQRust-Identity & Security Enhancements: With more systems and remote access,
identity management extends to a Zero Trust model. Every user, device, and service is
authenticated via NQRust-Identity, and fine-grained authorization policies are in place (e.g.
an Al agent service has rights to certain data but not others). Possibly integrate with
hardware badges or biometrics for critical systems (MFA everywhere). All actions tie back to
an identity for audit (important for both IT security and meeting governance standards).

« Data Pipeline Evolution: The data hub (Lake) now ingests streaming data continuously and
also serves as a feature store for Al. There's likely a feedback loop: Al models’ outputs
(predictions, classifications) might be written back to the Lake for tracking model
performance and for use in dashboards. Data governance features (time travel, lineage)
ensure that the data used for decisions is traceable (useful for explaining to regulators or
management why an Al recommended something — you have the data snapshot it saw,
ensuring accountability).

Below is the architecture diagram for Solution 2, showing the interplay between the central Al
cloud and the edge:

Contral A & Dt Cowd

Mungie Ste E0pe Nodes

b oea s = mmmmE = === mT
=3 =N -==-
e oy =

e s

Figure 11: Enterprise Edge-to-Cloud Al Architecture.

A sovereign Al platform integrated with edge operations. The private Al cloud (center) includes
NQRust-HV with SecureGPU to host NQRust-LLMOps and the data lakehouse on secure
infrastructure, managed by FleetMgr. Models are deployed from the center out to Edge Nodes
at each site (running on NQRust-Edge/MicroVM). NQRust-BPMN connects Al insights to
business processes, and Identity enforces zero-trust security. Bi-directional arrows indicate
feedback loops (edge data improves central Al; central Al automates edge and business
processes)
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3.2.3 Use Cases & Adoption Roadmap

With the platform in place, the company can pursue transformative use cases. Adoption would
likely happen in phases focusing on the highest-value areas:

Characteristic

s . Years 1-2 of

Phase 1 - Al-

Augmented
Operations

Maintenance
optimization, Al-
assisted decision
support, advanced
safety Al,
automation of
routine decisions

Historical equipment
data, sensor data,

geology, computer

Phase 2 -
Enterprise-
wide Scaling

Quality optimization
in processing,
exploration Al,

workflow
automation

External data
(satellite imagery),
vendor systems data

Phase 3 -

Optimization &
Autonomy

Refining and fully
institutionalizing Al &
automation, more
autonomous control,
collaborative Al,
generative Al for
knowledge
management

New data for model
retraining

vision data

Figure 12: Use Cases & Adoption Roadmap Solution 2.

 Phase 1 - Al-Augmented Operations (Years 1-2 of Solution 2): The enterprise identifies key
operational areas to inject Al. A prime target is maintenance optimization: They use
historical equipment data (now abundant in Lake) to train predictive models (via LLMOps)
that forecast failures of, say, haul trucks or drilling pumps. Those models are then deployed
(with FleetMgr orchestrating) to run continuously on data streams. Now maintenance is
scheduled by Al recommendations — “replace Conveyor #3's bearing within 10 days” —
which are delivered through a BPMN workflow to maintenance planners. Another early use
case: Al-assisted decision support. For example, in drilling operations, an Al model could
analyze sensor data and geology to suggest optimal drilling parameters in real-time;
engineers at HQ get these suggestions via a dashboard. The company also implements
advanced safety Al: computer vision cameras at sites, running on EdgeNodes, to
automatically detect if workers have proper PPE or if a vehicle comes too close to a hazard
zone, alerting supervisors instantaneously. Automation of routine decisions also begins —
e.g. if an Al model predicts an impending pump failure with high confidence, an automated
workflow might initiate the spare part ordering and schedule a maintenance window (with
human oversight still). By the end of Phase 1, the firm has several Al pilot projects live, each
demonstrating value (e.g. maintenance Al reducing specific breakdowns by 30%, or
computer vision catching safety violations that humans missed). Crucially, all this is done
internally — sensitive data never left their control, and models are fine-tuned on local
context.
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* Phase 2 - Enterprise-wide Scaling (Years 3-4): After successful pilots, the company scales
Al and automation across all operations. This involves onboarding more data into the
platform (potentially adding external data like satellite imagery, or integrating with vendors’
systems via Zerocode connectors). They deploy a fleet of edge Al devices: every mine truck,
processing plant, or offshore platform might get an edge device running relevant Al models
(for local autonomy and data pre-processing). FleetMgr greatly simplifies this rollout (mass
deployment and updates of models to 100s of edge nodes). New use cases appear, e.g.
quality optimization in processing — Al models adjust processing plant settings to
maximize yield or minimize energy, in real-time. Exploration Al — geoscientists use the
LLMOps platform to run advanced algorithms (like deep learning on seismic data) on-prem,
drastically speeding up exploration analysis (20-30% reduction in discovery time as noted
by studies). The organization also increases workflow automation: more complex multi-
step processes (like end-to-end procurement or supply chain logistics) are orchestrated by
BPMN, often with Al making initial judgments (e.g. automatically scoring vendor bids using
an Al model). At this stage, many operational decisions are data-driven and partially
automated. The workforce is upskilled to work alongside Al — field workers trust Al alerts,
planners use Al forecasts, etc. Data literacy and Al familiarity rise across the board.

 Phase 3 - Optimization & Autonomy (Year 5+): In later years, the enterprise focuses on
refining and fully institutionalizing Al & automation. KPIs might approach world-class
benchmarks: predictive maintenance is so ingrained that unplanned downtime is minimal;
the safety Al system might achieve zero fatalities and very low incident rates. The company
could explore more autonomous control: e.g. trial an “autonomous mine pit” where haul
trucks and drills operate under an Al supervisory system (which would be a precursor to
Solution 3's full autonomy). They would also continuously improve models (NQRust-LLMOps
provides MLOps pipelines so models are retrained as new data comes, ensuring accuracy).
Another aspect here is collaborative Al: share certain data or models with partners in a
controlled way (using NQRust-Enclave, they could allow a service company to run analytics
on their data without exposing raw data). They may also incorporate generative Al for
knowledge management — all technical documents and incident reports are ingested into
a local LLM that employees query for quick answers (instead of trawling manuals -
improving productivity and preserving tribal knowledge). By this time, the enterprise has
essentially built a self-driving enterprise in many areas: processes that once took weeks or
were prone to error are executed flawlessly by software and Al in minutes; human roles
have shifted to higher-level oversight, innovation, and strategy.

3. 2.4 Business Impact

Solution 2 yields significant quantitative and qualitative benefits, elevating performance to new
levels. Key impacts include:

Productivity

Higher throughput,
lower costs

Safety = ROI
Zero-harm operation % Compelling returns
goals @ on investment
Solution 2
Uptlme Advanced predictive Ag"'ty
Equipment maintenance Strategic IP

availability soars development

Figure 13: Solution 2 Boosts Business Performance.
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¢ Maintenance and Uptime: With advanced predictive maintenance fully deployed,
equipment availability soars. We can expect unplanned downtime to drop by 30-50%
enterprise-wide. For a mining company, that could mean dozens of extra production days
per year, potentially increasing annual output by several percent. Maintenance costs also
drop (fix issues early, optimize spare parts inventory) — companies have reported up to 20%
maintenance cost reduction with such programs. One mining case saw a 42% downtime
reduction, saving $3.2M annually. These savings go straight to the bottom line and improve
capital efficiency (equipment achieves more output over its life).

¢ Safety and ESG Performance: With Al and automation, the company moves closer to zero-
harm and sustainable operation goals. Safety: Al monitoring and automated interventions
(like stopping a machine if a person is too close) can reduce serious incidents dramatically
- potentially cutting Total Recordable Incident Rate (TRIR) by 50% or more over several
years. This is life-saving and also reduces costs from lost time injuries, regulatory fines, etc.
Environmental: Al optimizing processes can reduce emissions and waste — for example,
smarter fleet management cuts fuel use (and thus CO2) by adjusting routes and idle times.
A digital twin of the power usage might help cut energy consumption by 5-10%.
Compliance becomes proactive: no permit expiry or reporting deadline is missed because
BPMN workflows handle them; any potential violation (emissions, effluent) is flagged by
Insight and addressed before it becomes a legal issue. The company can actively
demonstrate improvements, supporting ESG ratings and satisfying OJK/IDX requirements
with hard data. Achieving such compliance can open up financing opportunities (since
many banks/investors favor ESG leaders).

¢ Productivity and Throughput: Automating routine decisions and using Al for optimization
translates to higher throughput and lower unit costs. In mining, for instance, Al
optimizations could increase throughput by 5-10% (by reducing variability and
downtimes). In oil & gas, production optimization algorithms might improve recovery or
reduce energy per barrel. Also, labor productivity jumps as digital “agents” handle tasks
that dozens of analysts or operators used to — the workforce can be reallocated to higher-
value work. The solution’s unified platform also means IT/OT staff manage everything more
efficiently (FleetMgr showed up to 3x productivity for IT teams by unifying tools). We might
measure success as production per employee rising significantly or the ability to scale
operations without proportional headcount increase.

e Cost Efficiency and ROI: While Solution 2 involves serious investment (infrastructure,
training, etc.), the returns are compelling. The hypervisor and secure GPU approach already
saved ~74% vs legacy VM costs, plus FleetMgr saves 70% in ops costs by consolidating tools
— these are ongoing OpEx reductions. Al-driven efficiency yields cost savings in fuel, energy,
maintenance, labor hours, potentially totaling millions annually. A concrete KPI could be
operating cost per ton (for mining) or per BOE (for oil) = which should decline. Conservative
estimate: 5-15% reduction in operating costs within a few years. Given the scale, the ROI for
Solution 2 is high — many initiatives pay back within 1-2 years. For example, one Rockwell
study noted Al spending is justified by corresponding efficiency gains. The organization also
gains independence from expensive cloud Al services, avoiding data egress and
subscription fees by using its sovereign platform (NQRust's cost advantages like 72% lower
Al infra cost come into play at scale). Over 5+ years, these savings compound, freeing
capital for further growth or technology upgrades.
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 Strategic Agility and Intellectual Property: By developing in-house Al and accumulating
proprietary data and models, the company builds strategic IP that differentiates it. For
example, its Al models for a particular geological formation or process become a
competitive advantage that others don't have. The sovereign Al platform ensures this IP is
safeguarded (via enclaves, no external dependency lock-in) and can be leveraged in
partnerships on the company’s terms. The business can respond faster to market changes
— e.g. if a new regulation comes in, they can quickly tweak workflows or analytics to comply.
Or if a new opportunity (like a different mineral or field) arises, they have the digital
capability to assess and ramp up efficiently. Essentially, the company becomes a data and
Al-driven enterprise, often outpacing less digitized competitors in decision speed and
operational excellence.

In summary
- -

Solution 2 propels the enterprise into the top tier of operational performance, with Al and
automation yielding tangible improvements across KPIs: higher output, lower cost, zero
surprise downtime, best-in-class safety, and strong ESG standing. It sets the stage for the
ultimate vision — Solution 3, where autonomy and edge intelligence are taken to their

fullest extent.
\ y

3. 3 Solution 3: Autonomous Operations Network (Advanced Maturity, Edge-Optimized &
Agent-Based)
3. 3.1Problems & Challenges

Complex, Autonomous Intelligent
Distributed Operations Enterprise
Operation Network Network
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Figure 14: Problems & Challenges Solution 2 [Sovereign Al for Digital Maturity].

An advanced mining or oil & gas enterprise in 2024-2035 aims for fully autonomous,
optimized operations. At this stage, most foundational problems are solved - the remaining
challenges are about maximizing autonomy, coordination, and resilience across a highly
complex, distributed operation. Key drivers for Solution 3: Complexity of Scale - the enterprise
may operate dozens of mines or fields globally, each with thousands of IoT devices,
autonomous machines, and Al agents. Coordinating this “system of systems” is a challenge;
traditional central control might not scale or be resilient enough (e.g. if connectivity breaks,
sites must still run safely). Real-time Decision Making — many operations require split-second
decisions (vehicle navigation, machinery control). Cloud-level latency is too slow; intelligence
must be on the edge. Safety and Reliability at Autonomy Level 5: As human roles become
minimal (e.g. remote operations centers supervise multiple autonomous sites), the systems
must handle all corner cases — requiring extremely robust Al, redundancy, and fail-safes.
Regulatory and Ethical Oversight - fully autonomous operations raise new questions:
regulators will scrutinize the Al decision logic in safety-critical scenarios. The company needs
to ensure transparency and compliance (e.g. proving that an autonomous haul truck will
always yield to a human or that an Al won't violate environmental constraints).
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Integration of Heterogeneous Agents — various specialized Al agents (for drilling, for haulage,
for maintenance drones) must work together and share context. Without a coherent
architecture, you risk silos of automation that don't synchronize (one robot’s action interfering
with another). Solution 3 must therefore orchestrate collaborative Al agents. Essentially, the
challenge here is not a single problem but optimizing the entire enterprise as one intelligent
nhetwork, pushing towards zero incidents, maximum efficiency, and dynamic adaptation to any
condition — the pinnacle of Industry 4.0 maturity.

3. 3. 2 Solution Architecture

Autonomous Operations Network is a fully distributed, edge-centric architecture with smart
agents throughout, underpinned by central governance. It extends Solution 2's hybrid cloud to
a mesh of intelligent edge nodes and devices. The architecture can be seen as “many brains,
one mind”: many edge brains (Al at each device/site) operate semi-independently, while a
central “mind” (control plane + global analytics) coordinates high-level objectives and
learning. Key architectural elements and differences in Solution 3:

Learning &
FleetMgr++ Simulation Agents
Orchestrates Enables Coordinates
infrastructure and autonomous machine-machine
Local workflows decision-making processes Global

o

Al

Edge Swarm Communication Trust Layer
Fabric

Connects edge and
central networks

Micro-data centers
at each site

Ensures transparent
and governed
decisions

Figure 15: Solution 3 Architecture Ranges From Local to Global Control.

* Edge Swarm of Micro-Data Centers: Every mine site or offshore platformm might have not
just one edge node but a cluster forming a local micro-data center. These run a suite of
NQRust micro-services: local NQRust-Lake instances caching relevant data, local Al models
for immediate control, perhaps even local LLMOps instances for on-site learning on fresh
data. This ensures the site can continue in isolation if heeded (network outoge). These
clusters use NQRust-HV/MicroVM extensively to deploy numerous specialized
VMs/containers: e.g. one microVM runs the “Haul Truck Fleet Manager Al” at the site, another
runs the “Drone Surveillance Al” etc. NQRust-Edge (the product, if any) likely refers to
software that makes deploying and managing these distributed micro-services easier
(possibly an loT/edge framework).

* Hierarchical Orchestration (FleetMgr++): NQRust-FleetMgr now operates in a hierarchical
mode - orchestrating not just infrastructure but also multi-agent workflows. It may
integrate with an “agent orchestration” layer (perhaps leveraging BPMN for high-level
logic). For example, if a storm is incoming at a mine, the central system can instruct all site
Al agents (trucks, drills, power management) to shift to safe mode in concert. FleetMgr
ensures policies (like safety constraints) are globally enforced on all edge Al. It handles
over-the-air updates to hundreds of autonomous machines reliably and rolls back if
problems are detected.

¢ Real-Time Communication Fabric: The architecture includes an advanced network fabric
connecting edge and central — possibly leveraging 5G private networks or mesh networks.
Because decision-making is mostly on-site, this network is for sharing insights and
aggregated data rather than every raw data point. We might incorporate an event
streaming platform (NQRust might have an event broker or rely on Kafka) to propagate -
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e - important events enterprise-wide (e.g. a significant safety incident at one site triggers
company-wide alert and model re-training later).

e Continuous Learning & Simulation: With near full autonomy, simulation becomes critical.
The solution likely includes a digital twin of operations at central that simulates scenarios
(using data from all sites) to test and refine Al strategies. NQRust-LLMOps could be used to
train reinforcement learning agents in simulation before deploying them to the field. This
requires high compute but pays off in safer rollouts. The architecture thus has a feedback
loop: operational data — central training = updated model = back to edge, on a continual
basis (a concept often called Federated Learning or continuous improvement).

e Trust, Safety, and Compliance Layer: All autonomous decisions need to be transparent
and governed. NQRust-Enclave might isolate critical decision-making modules to ensure
they cannot be tampered with and to provide remote attestation that, say, an Al driving a
truck is running a certified safe version (regulators might require proof of that). NQRust-
Identity extends to device identities — every robot or Al agent has an identity and
permissions (e.g. an Al agent can't send a command outside its scope). BPMN could serve
as a safety supervisor: modeling emergency stop procedures or fallback workflows if Al fails
(ensuring a human is alerted and a manual override procedure kicks in). Essentially, a
governance framework is embedded: every autonomous action is logged (for audit), and
certain decisions require human or centralized approval as needed by policy (for example,
an autonomous drill might pause if it's about to breach an environmental limit and seek
central okay).

e Collaborative Agents via NQRust-BPMN and Zerocode: Unlike solution 2 where BPMN
mainly linked Al to human processes, here BPMN also coordinates machine-machine
processes. For instance, an automated “Mine Fleet Coordination” process might
orchestrate multiple Al agents: if a haul truck breaks down, BPMN triggers a spare truck to
reroute, a drone to inspect the breakdown, maintenance bots to deploy, and adjusts the
mine’s production plan - all without human orders, following a predefined playbook.
Zerocode might tie together APIs from various equipment systems (many vendors) to
ensure interoperability in this automated dance.

Given the complexity, the diagram below outlines major interactions for Solution 3 focusing on
an autonomous mine scenario:
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Figure 16: Autonomous Mining Operations: Central Governance & Edge Safety Architecture.
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A distributed autonomous operations network. Each site (right) has an Edge Cluster running
multiple Al agents (haulage, drilling, drones, etc. ) under a local orchestrator, with a local data
cache. A safety layer (enclave-protected) monitors critical conditions and can override for
safety. Central HQ (left) hosts global learning (training new models on aggregated data), a
global FleetMgr that sends updates and policies, and a compliance BPMN that ensures all
autonomous operations adhere to safety/emergency protocols. The remote ops center
oversees multiple sites through the central orchestrator. Solid arrows represent data/control
flows; dashed indicate governance/oversight.

3.3.3Use Cases & Adoption Roadmap

Transitioning to full autonomy is a multi-year journey. Likely progression:
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Figure 17: Use Cases & Adoption Roadmap Solution 3.
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* Initial Autonomy Pilots (Years 1-2): The enterprise selects a contained scope to automate
end-to-end. For example, it may designate one mine pit or one offshore platform to run as
a “lights-out” operation pilot. They equip it with required sensors, autonomous machinery,
and edge compute. NQRust-FleetMgr is used to deploy the Al agent software to these
machines and coordinate them. During this pilot, human operators are on standby but not
actively controlling routine operations. Key use case: Autonomous Haulage & Drilling -
haul trucks navigate and load/unload by themselves, drilling rigs operate continuously with
Al adjusting drilling parameters on the fly. Another pilot could be automated inspection
and emergency response: drones and robots continuously patrol, detect anomalies (a gas
leak, a geotechnical issue on a slope) and automatically trigger response workflows (e.g.
shut off a valve, alert nearby vehicles, etc.). In these 1-2 years, the focus is on debugging the
coordination of agents and proving safety. Metrics like MTBF (mean time between
failures/interventions) are tracked. The company will have to manage change - training
staff for new roles (from operators to system supervisors). -
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e Early results might show productivity improvements (e.g. haul trucks now operate nearly
24/7 with only brief stops, increasing output by ~15% or more, and with consistent speeds to
reduce wear as Komatsu noted). Importantly, safety incidents might drop to near-zero in
the autonomous zone because machines follow strict rules (no human error).

* Scaling to Multiple Sites (Years 3-5): After successful pilots, the enterprise rolls out
autonomous operations to more sites or the entire operation. This requires scaling the
orchestration — FleetMgr's hierarchical capabilities ensure each site cluster is managed,
while central keeps a handle on global coordination. Use cases expand: multi-site
coordination - e.g, in a mining context, one autonomous site might produce ore that goes
to a central processing plant; trucks/plants across sites sync via the network to optimize
logistics. Or in oil & gas, multiple unmanned offshore platforms are overseen by a single
onshore control center through the autonomous network. The remote Operations Center
(OpsCenter in the diagram) emerges as the hub where a handful of humans monitor
dashboards summarizing dozens of Al-operated sites, intervening only when anomalies
occur. Meanwhile, edge Al agents start collaborating across sites too: if one site’s drone
detects a possible issue that could affect a neighbor (like wildfire smoke approaching
another site), it can notify central which might redeploy resources. The company also
engages with regulators throughout — possibly inviting them to see the systems, and using
the detailed logs and model documentation to demonstrate compliance. At this stage, the
enterprise likely achieves unprecedented efficiency: mines run continuously with minimal
downtime between shifts (no shift change downtime), optimal speeds set by Al to reduce
fuel use and machine wear (some reported 13% maintenance reduction, 40% tire life
improvement by autonomous operation), and production throughput becomes highly
predictable and smooth.

* Fully Autonomous Enterprise (Year 5+ and beyond): The distinction between “operations”
and “IT” blurs — the entire enterprise is effectively an Al-driven network. Humans now focus
on strategy, exception handling, and continuous improvement of the Al. Use cases here
involve refinement and innovation: the enterprise could leverage its autonomous network to
venture into new business models, e.g.,, remotely operate mines for other companies as a
service (since it has the tech mastered). Or deploy swarms of exploratory robots to new
sites with minimal personnel. At this point, the company might approach a zero-incident,
zero-downtime vision: every process has redundancy and Al watching it, so failures are
predicted or mitigated in real time. If a rare situation occurs that the Al didn’'t handle, it's
analyzed and the system learns from it (via simulation retraining) to never be caught off
guard again. The enterprise can also aim for sustainability optimizations that were
previously impossible — e.g. real-time carbon footprint optimization: Al adjusts operations to
meet an emission target each day dynamically (maybe reducing throughput on purpose
when renewable energy is low and saving tasks for when solar power is abundant, etc.). The
organizational structure evolves: maybe they have an Al ethics and audit team as part of
governance, and a lean technical team maintaining the digital infrastructure, but far fewer
field operators. The workforce is safer and work is more cognitive. Essentially, the enterprise
becomes a self-optimizing cyber-physical system.
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3.3. 4 Business Impact

Solution 3 is transformative, potentially redefining industry benchmarks. Key impacts:

Maximized
Productivity Safety Market Leadership
Autonomous operations Zero Harm" achieved by Positioning as a
running 24/7 with removing humans from technology leader in the
minimal downtime. dangerous tasks. sector.

Cost Reduction Agility Human Capital
Labor costs drop Autonomous networks Workforce roles
through reassigning responding faster to changing through

personnel. changes. automation.

Figure 18: Transformative Business Impatcs.

 Maximized Productivity & Throughput: Autonomous operations can run 24/7 with minimal
downtime. No shift changes, breaks, or human fatigue means equipment utilization
approaches its mechanical limits. For instance, if haul trucks currently operate 18 hours/day
with human crews, autonomy can push that towards 24 (maintenance downtime aside).
That's a ~33% gain in utilization. Even if you slow them a bit for safety, overall output rises.
Studies of early autonomous mines report productivity increases on the order of 15-20%
and more consistent output. With enterprise-wide deployment, the company could
produce significantly more with the same asset base — effectively unlocking capacity
without new capital.

e Cost Reduction and Efficiency: Labor costs drop notably — not by simply cutting jobs
(though the need for some roles reduces through attrition) — but through reassigning
personnel to oversee multiple sites rather than physically be at each. For example, where
previously you needed 100 haul truck drivers, you might now have 10 remote supervisors for
the whole fleet, and additional data engineers. Maintenance costs may drop due to gentler,
Al-optimized operation and elimination of human error (no over-speeding, optimal braking
- extending equipment life). Energy efficiency improves: autonomous control can optimize
throttle and routes better than humans, saving fuel (some autonomous fleets show 10%+
fuel savings). The net effect could be operating cost per unit goes down dramatically -
perhaps 20-40% reduction in cost per ton or per barrel in fully autonomous sites,
considering savings across labor, maintenance, and efficiency. This is huge in industries
with thin margins — it can make previously marginal projects economical.

e Safety: “Zero Harm” Achieved: Removing humans from the most dangerous tasks
(underground mining, heavy equipment operation, offshore nights, etc.) means worker
exposure to hazards plummets. Autonomous systems don't get tired or distracted, and with
rigorous safety programming (plus oversight), we can nearly eliminate certain accident
categories. The safety impact is immeasurable in human terms: no fatalities, far fewer
injuries. The company could reach the coveted goal of zero lost-time injuries, which not
only is morally and legally important but also avoids the associated costs of accidents
(compensation, investigations, downtime, reputational damage). Insurance premiums may
decrease as risk drops. Additionally, environmental safety incidents (spills, etc.) should
decrease because autonomous systems adhere strictly to operating parameters and can
react faster to problems (e.g. automatic shutoff in 1second vs a human in 30 seconds).
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e Agility and Resilience: An autonomous network can respond to changes faster than a
human-driven one. If market demand shifts, the central Al can ramp all sites up or down
efficiently. If a disruption happens (like a pandemic or travel restrictions), autonomous sites
can keep running with minimal personnel movement — a real scenario we saw in 2020,
where mines with remote operations fared better. Also, multi-site coordination means the
enterprise optimizes itself as a whole: if one site faces a slowdown, others can compensate,
or resources can be reallocated dynamically. This resilience is a competitive advantage in
a volatile world.

¢ Strategic Market Leadership: By implementing full autonomy, the company positions itself
as a technology leader in the sector. This can have follow-on benefits: easier to attract
partnerships, possibly better valuations (investors often reward efficiency and ESG
leadership), and even potential new revenue streams (like selling/renting the technology or
operational expertise). Essentially, technology becomes a profit center, not just a cost -
e.g, the company might license certain Al solutions to peers or expand into operational
services.

e Consideration — Human Capital: While beyond raw KPIs, it's worth noting that workforce
roles change. The company likely invests heavily in retraining programs to transition its
workforce (e.g, drivers become remote vehicle supervisors or dispatchers, mechanics learn
to manage robotic maintenance systems, etc.). The benefit is a safer, more high-tech
workforce and likely lower turnover (people are engaged in more skilled work). Some roles
may phase out over time (through retirement and reduced hiring), leading to a leaner
workforce, but those remaining are higher-paid tech roles — which can improve job
satisfaction and reduce industrial relations issues about dangerous conditions.

In summary
- -

Solution 3 can yield an unprecedented step-change in performance: potentially a 30%+
increase in productivity, 20-40% reduction in operating costs, and near elimination of
certain risks. Achieving this securely and compliantly also ensures the enterprise meets all
regulatory expectations — likely exceeding them (e.g, by demonstrating autonomous
vehicles obey all speed limits and environmental constraints, they ensure compliance
better than any human could). The company essentially achieves the pinnacle of Industry
4.0: a highly sustainable, efficient, and safe operation driven by Al and automation, with
Lhumc:ns providing oversight and strategic direction.

4.Conclusion: Strategic Imperative and Path Forward

Across these three solutions, we've outlined a roadmap for mining and oil & gas enterprises
from initial digitization to full autonomy, using NQRust’s suite as the enabling technology. The
progression is not necessarily strictly linear — organizations may mix elements based on
priorities — but the vision of 2024-2035 is clear: digital and Al technologies are the key to
thriving in an increasingly competitive, regulated, and sustainability-conscious
environment. Early steps deliver quick wins (better data, faster compliance); the mid-stage
unlocks optimization at scale (Al-driven operations with data sovereignty); the advanced
stage achieves transformational outcomes (autonomous, self-optimizing assets).

For executives and boards, the whitepaper provides a blueprint to align technology
investments with business value:
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Figure 19: Aligning Technology Investments with Business Value.

¢ Invest in Data Infrastructure and Quick Wins first (Solution 1) to build momentum and
meet urgent complionce needs. This sets the stage and secures buy-in by delivering
tangible ROI (e.g. cost savings, smoother audits) in the short term.

» Develop Al Competency in-house (Solution 2) as a strategic asset - treat data and Al
models as core to the business, not just IT projects. Ensure to do this in a way that meets
local regulations (sovereign data platforms) and ties directly to operational KPls
(maintenance cost, production volume, ESG scores). The justification for each component
in Solution 2 was made in business terms — this needs to be communicated to all
stakeholders to drive change management.

e Pursue Autonomy where it makes sense (Solution 3) — it won't happen overnight, but
select high-value, high-impact areas to automate end-to-end. Always maintain safety and
governance as top priorities (ho compromise on an Al's ability to explain and follow rules).
Engage regulators early, demonstrate that autonomy can be safer and greener than
manual operations. As success is proven, scale out gradually.

Throughout all phases, change management and workforce enablement are crucial. These
solutions are not just technology deployments but enterprise transformations. C-level
leadership  must champion the vision, ensure cross-functional collaboration
(IT/OT/operations/finance all working together), and foster a culture that embraces data-
driven decision-making and continuous improvement. Nexus Quantum’s NQRust ecosystem is
a powerful toolkit, but its value is realized only with proper process and people alignment.

Finally, the strategic benefit of this roadmap extends beyond individual companies to national
and global levels: An Indonesia mining/oil-gas enterprise that follows this path will not only
comply with MEMR, KLHK, PP 22/2021 and OJK ESG standards — it will likely exceed them, setting
new benchmarks in environmental management and safety (supporting national goals for
sustainable resource development). It will also strengthen Indonesia’s technological
sovereignty (by using local Al infrastructure) and contribute to upskilling the workforce for the
digital economy.

In conclusion, the period 2024-2035 can be one of unprecedented innovation and efficiency in
the mining and oil & gas sectors. The technologies and solutions described — centered on the
NQRust platform — provide a clear, executive-level strategy to achieve these outcomes.
Companies that act on this vision can expect not only compliance and optimizations, but true
market leadership, resilient operations in the face of future challenges, and enhanced
stakeholder value. The imperative is clear: embrace Industry 4.0 now, or risk obsolescence. With
a carefully phased approach and the right strategic partners, the transformation is not only
feasible but already underway — and the results will speak for themselves in safer, smarter, and
more profitable industrial enterprises.
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NRust
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GSMA report on Indonesian digital investment priorities (Al, 5G/loT).

Microsoft Industry case — mining companies using Al for exploration, maintenance,
safety.

Rockwell Automation study — over half of O&G leaders see cloud/Al disrupting
operations; Al spend to reach $18.5B by 2028.

Indonesian MEMR official on mandatory ESG and license suspensions for non-
compliance.

Indonesia PP 22/2021 - requires best available tech for emissions, strict monitoring.
OJK Regulation 51/2017 — mandates ESG disclosures for public companies.
NQRust-Lake Whitepaper — 5-10x analytics speed, 68% TCO reduction.

NQRust-LLMOps Whitepaper — 4.8x faster Al model training, 72% cost reduction, built-in
compliance.

NQRust-HV Hypervisor — memory-safe, 100ms VM provisioning vs ~45s legacy, 74%
lower TCO; eliminates hypervisor vulnerabilities.

NQRust-FleetMgr — unified control plane, 70% ops cost reduction, 100% compliance
automation.

NQRust-Insight — intelligent monitoring yields 87% fewer incidents, 65% cost saving, 94%
automation.

NQRust-BPMN — workflow automation with 85% efficiency gain, 70% cost reduction
(manual process elimination).

NQRust-Zerocode — 90% faster development, 75% cost reduction in software delivery.

NQRust-Enclave - <125ms TEE init, unified across AMD/Intel, minimal overhead for
confidential computing.

NQRust-SecureGPU — secure GPU sharing raises utilization from ~20-35% to 85%+,
boosting ROI ~3.2x.

Predictive maintenance impact — can cut unplanned downtime by 30-50%.
Autonomous haulage benefits — +15% or more productivity, longer equipment life
(Komatsu: +40% tire life), 13% maintenance cost reduction.

Example: FleetMgr improved resource utilization (CPU +113%, GPU +157%) and
deployment speed 95%, highlighting capacity unlocked with intelligent orchestration.
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