
In today’s Industry 4.0 era, manufacturing enterprises are evolving rapidly by leveraging data-driven insights to
optimize operations, improve quality, and reduce downtime. Yet, one core challenge remains consistent: how to
design a robust analytics architecture that harmonizes disconnected manufacturing data sources such as ERP,
MES, and IoT systems. The fundamental question is whether to lean on a data lake, a data warehouse, or a hybrid
lakehouse approach. As a manufacturing analytics lead who has worked extensively across OT and IT teams, I’ve
seen firsthand that the choice impacts not only analytics capabilities but also integration complexity, governance,
and total cost of ownership.

Disconnected Manufacturing Data: The Root of the Problem
The manufacturing plant is a maze of data systems that often speak different languages. Here’s a snapshot:

ERP (Enterprise Resource Planning): Deals primarily with financials, procurement, inventory, and supply
chain data.

MES (Manufacturing Execution System): Manages production workflows, tracking jobs from raw materials
to finished goods.

IoT/OT data: Sensors, PLCs, and SCADA systems feeding real-time machine health, temperatures, pressures,
and more.

Integrating these systems enables predictive maintenance, downtime reduction, and quality improvements critical
to Industry 4.0 initiatives. But the reality? Manufacturing data often lands scattered across siloed systems with
limited integration, complicating any advanced analytics dailyemerald.com effort.

Many enterprises work with IT vendors like NTT DATA or software houses such as STX Next and Addepto to
design data platforms. These partners help bridge operational constraints with cloud data technologies like Azure
and AWS. Yet, picking the right architectural components requires a nuanced understanding of the characteristics
of manufacturing data and business goals.

Data Lake vs Warehouse Manufacturing: What’s the Difference?
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The choice between data lakes and data warehouses has been debated for years. Here’s a quick primer focused on
manufacturing:

Aspect Data Lake Data Warehouse Data Type Raw, unstructured/semi-structured (sensor logs, machine telemetry,
video feeds) Highly structured (ERP transactions, summarized MES data, cleansed sensor aggregates) Schema
Schema-on-read, flexible Schema-on-write, predefined Users Data scientists, engineers (exploratory analysis, ML
model training) Business analysts, executives (reporting, dashboards, KPIs) Latency Near real-time or batch ingest
Typically batch or micro-batch Cost Lower storage cost, higher compute cost (Beware: no pricing data often
provided during vendor pitches) Higher storage cost but optimized compute for queries

Manufacturing data lakes excel at storing large volumes of IoT and raw MES event data, ideal for predictive
maintenance algorithms to detect anomalies and reduce downtime. In contrast, warehouses shine at delivering
structured reports and KPIs sourced from ERP and MES summary tables.

The Lakehouse Approach: Best of Both Worlds
Emerging platforms combine lake and warehouse paradigms into an integrated "lakehouse" that simplifies data
management and accelerates analytics. Solutions like Databricks on Azure or AWS, and more recently Microsoft
Fabric, allow:

Storage of raw data in open formats within a data lake

Use of managed compute for SQL analytics, dashboards, and machine learning on the same data

Governed, auditable data pipelines that meet compliance needs such as ISO 27001 or SOC 2

This unified architecture fits well into manufacturing scenarios where both sensor telemetry streams and
structured ERP data need to coexist and feed cross-functional analytics. It also addresses a common oversight: the
lack of transparent pricing data in vendor solutions. With lakehouse platforms on Microsoft Fabric or Databricks,
pricing is clearer—storage and compute are billed separately, and cloud providers like Azure and AWS publish
comprehensive cost calculators.

IT/OT Integration and Industry 4.0: The Glue That Binds
One cannot discuss manufacturing data architecture without emphasizing the importance of IT/OT convergence:



1. Where does the sensor data actually land? Often ignored, this question determines latency and processing
options. Data coming directly from PLCs or IoT edge devices must funnel into cloud ingestion services like
Azure IoT Hub or AWS IoT Core.

2. Data orchestration: ETL/ELT pipelines built with tools like Azure Data Factory or AWS Glue ensure data flows
from raw ingestion points into staging lakes, then curated warehouses or lakehouses.

3. Security and governance: Manufacturing data often contains sensitive pricing or procurement info tied to
ERP systems. Maintaining compliance with information security standards requires role-based access,
encryption in transit and at rest, and audit logs—things that companies like NTT DATA specialize in
implementing.

Integrating MES and ERP data with streaming IoT feeds and storing the outcomes in a modern lakehouse enables
advanced use cases like real-time quality monitoring and predictive maintenance. Vendors like Addepto often
advocate implementing these AI transformations but beware of hand-wavy case studies without metrics—always
ask for concrete downtime reduction percentages or productivity gains.

Stack Choices: Azure, AWS, and Key Technologies
Manufacturers typically evaluate cloud platforms based on existing enterprise agreements, regional availability, and
system compatibility:

Azure Stack offers native integration with Microsoft Fabric, Azure Databricks, and Azure Synapse Analytics,
suiting organizations heavily invested in Microsoft ERP environments.

AWS Stack brings broad IoT device support with AWS IoT Greengrass, extensive data lake services like AWS
Lake Formation, and analytics via Redshift and Athena.

Snowflake, while not a cloud platform itself, acts as a powerful data warehouse and now supports external tables
and data lake access, aligning with the lakehouse concept. It's increasingly popular because of its seamless multi-
cloud support and elasticity, which can be ideal for multi-site manufacturing networks.

Common Mistake: Missing Pricing Data at Source
A notorious pitfall in evaluating manufacturing data architectures is ignoring or missing explicit cost transparency
from vendors or internal projections. Since every sensor generates continuous data, and each ETL step incurs
compute costs, an unchecked pipeline can cause skyrocketing monthly bills. Vendors and consulting partners
should always provide pricing models that factor in:

Storage (hot, warm, cold tiers)

Ingestion frequency—how often sensor data lands and is transformed

Compute cost based on query concurrency and machine learning workloads

Network egress charges, especially for multi-cloud or edge-to-cloud transfers

Before committing to a data lake, warehouse, or lakehouse, manufacturing leaders must insist on a detailed,
scenario-based Total Cost of Ownership (TCO) analysis including these factors. Last month, I was working with a
client who wished they had known this beforehand.. ...well, you know.

Conclusion: Tailor Your Analytics Architecture to Manufacturing Needs
The decision between a data lake, data warehouse, or a lakehouse approach in manufacturing depends heavily on
data types, user personas, use cases, and operational constraints. Here’s my mental checklist for manufacturing



analytics architecture:

1. Clarify where sensor and MES data lands and how it flows. Ensure real-time streams have low-latency
ingress with proper storage.

2. Integrate ERP data carefully to enable end-to-end visibility but protect sensitive pricing and contractual
information.

3. Choose a hybrid lakehouse platform — Azure Databricks, Snowflake, Microsoft Fabric, or AWS stacks —
that supports both raw and structured data.

4. Make sure pricing and operations cost transparency is built into your vendor evaluations.

5. Partner with experienced consultancies like STX Next, NTT DATA, or Addepto for IT/OT integration and
governance compliance.

By aligning your manufacturing data architecture with these principles, you embrace Industry 4.0’s promise and
gain actionable insights to cut downtime, improve throughput, and boost quality—all while keeping your analytics
stack manageable and secure.


