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CHAPTER 1: INTRODUCTION (Pages 6-10)
1.1 Background of the Study

Manufacturing has always been the backbone of the global economy,
providing the goods and infrastructure necessary for modern life. Historically,
production was limited by the physical capabilities of human labor. However,
as demand for precision, speed, and volume increased, the operations branch
of management turned toward technology to bridge the gap.

Automation Defined: Automation is the technology by which a process or
procedure is performed with minimal human assistance. In production
efficiency, it involves integrating mechanical, electrical, and computer-based
systems to operate and control manufacturing processes.

Today, automation has evolved beyond simple machinery to include "Smart
Automation," where Artificial Intelligence (Al) and the Industrial Internet of
Things (IIoT) enable machines to "think" and "communicate" autonomously.
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1.2 The Evolution of Manufacturing: Four Industrial Revolutions

Era

Industry 1.0

Industry 2.0

Industry 3.0

Industry 4.0

Period

Late 18th Century

Early 20th Century

1970s-1990s

2010s-Present

Key Innovation

Steam power, mechanization

Electrification, assembly line

PLCs, basic robotics

Al IloT, Digital Twins

Source: Schwab, K. (2017). The Fourth Industrial Revolution

1.3 Problem Statement: The Cost of Inefficiency in Manual Production

Impact on Production

Replaced muscle power with machines

Mass production, economies of scale

Fixed automation, repetitive tasks

Smart factories, self-correcting systems

Despite available high-tech solutions, many Indian manufacturing units still rely on traditional manual or semi-automated
methods. These approaches carry hidden "costs of inefficiency":

Problem Description Financial Impact
Human Variability Performance fluctuates due to fatigue, skill gaps Inconsistent quality, rework costs
High Scrap Rates Manual errors in cutting, assembly lead to rejects 4-5% material waste typical

Unplanned Downtime

Scalability Issues

Reactive maintenance after breakdowns

Manual lines cannot scale quickly

1.4 Research Objectives

10-15% lost production hours

Missed market opportunities

Following the academic requirements of the MMS IV Semester, this research aims to:

1. Understand fundamental concepts of automation in modern operations

2. Identify latest technologies (Al IIoT, Cobots) improving production efficiency

3. Compare performance and cost-effectiveness of manual vs. automated systems

4. Analyze automation's impact on Overall Equipment Effectiveness (OEE)

5. Examine Siemens' successful automation implementations as case studies

6. Provide managerial recommendations for transitioning to automation

1.5 Scope and Limitations

Scope:

e Manufacturing and operations sector in India
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¢ Automation technologies within Industry 4.0 framework
¢ Relevance for operations managers, plant heads, entrepreneurs
Limitations:
¢ Rapid technological change may supersede specific tools discussed
e Proprietary data limitations (ROI figures often confidential)

o Industry-specific variations (pharma vs. automotive differences)

¢ Time constraints of semester-long research

CHAPTER 2: LITERATURE REVIEW (Pages 11-16)
2.1 Historical Perspective on Manufacturing Efficiency

The pursuit of manufacturing efficiency spans over a century of industrial philosophy:

Era Thinker/System Key Contribution

Time and motion studies, task

Scientific Management (1890s-1910s) Frederick Taylor .
standardization
Mass Production (1910s-1940s) Henry Ford Assembly line, economies of scale
Waste eliminati Mud JIT
Lean Manufacturing (1950s-1980s) Taiichi Ohno (Toyota) T Qa;/[e elimination  (Muda), ’
Bottleneck  identificati d
Theory of Constraints (1980s) Eliyahu Goldratt orenee identitication — afl

elimination

Source: Goldratt, E.M. (2004). The Goal
2.2 Current Trends in Industrial Automation

Modern academic discourse centers on Industry 4.0 and the "Smart Factory" concept. Key transformative trends include:

Technology Description Efficiency Impact

Cyber-Physical Systems Integration of computation, networking, and Self-corirecti-ng
physical processes production lines

Industrial IoT (IoT) NetWOFk of intelligent devices monitoring and Rea?l-t.ime' process
collecting data optimization
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Technology Description Efficiency Impact

85% ducti
Collaborative Robots o more productive

Robots designed for safe human interaction than human or robot
(Cobots)
alone*
. . . N Predict failures, simulat
Digital Twins Virtual replicas of physical production lines e lC. ariures, stmuiate
scenarios
*Source: McKinsey & Company, Industry 4.0 Report 2024
2.3 Theoretical Framework: Overall Equipment Effectiveness (OEE)
OEE is the global standard for measuring manufacturing productivity, calculated as:
OEE = Availability x Performance x Quality
OEE Component Definition How Automation Improves It
N . Predictive maintenance reduce
Availability Actual operating time / Planned production time v ' Hees
breakdowns
. Eliminates "mid-afternoon slump" in
Performance Actual speed / Designed speed ' ' sumpT 1
manual labor
Quality Good units / Total units started Computer vision catches defects instantly

2.4 Impact of AI and Machine Learning

Recent research (2023-2025) highlights Al's role in Prescriptive Analytics:
e Traditional automation: Reported what happened

o Current Al systems: Predict what will happen and prescribe fixes

e Machine Learning algorithms analyze variables (humidity, temperature, vibration) to adjust production parameters in
real-time

2.5 Research Gap

While abundant research exists on automation in large-scale industries (aerospace, automotive), there is a noticeable gap
regarding Low-Cost Automation (LCA) for Small and Medium Enterprises (SMEs) in developing economies like
India. This research addresses that gap, specifically for the Indian industrial context.

CHAPTER 3: RESEARCH METHODOLOGY (Pages 17-20)
3.1 Research Design
This study employs a Descriptive and Analytical Research Design:

e Descriptive: Describes current state of automation in manufacturing
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¢ Analytical: Examines cause-effect relationships between automation and efficiency metrics

3.2 Sources of Data

Data Type Source Details

50 operations managers, plant heads, shop-floor

Primary Data Structured questionnaires .
engineers
Secondary Data Academic journals, industry reports McKinsey, Gartner, Deloitte, IFR 2024-25
Case Studies Siemens official publications Kalwa (India) and Nanjing (China) factories
3.3 Sampling Strategy
Sample Size: 50 manufacturing units
Sampling Method: Convenience and Purposive Sampling

Geographic Focus: Industrial hubs in Maharashtra (Thane-Bhiwandi-Shahapur belt)

Sample Distribution:

Enterprise Size Percentage Sector

Large Scale 30% Automotive/Heavy Engineering
Medium Scale 45% FMCG/Consumer Durables
Small Scale 25% Ancillary/Components

3.4 Data Analysis Tools
e Quantitative Data: Statistical measures (mean, percentage analysis)

e Qualitative Data: Thematic synthesis from literature and case studies

CHAPTER 4: CASE STUDY — SIEMENS AUTOMATION SUCCESS STORIES (Pages 21-28)
4.1 Introduction to Siemens as an Automation Leader

Siemens AG is a global technology company focused on industry, infrastructure, transport, and healthcare. As one of the
world's largest producers of energy-efficient technologies, Siemens is also a leading provider of industrial automation
solutions. Two of their facilities provide compelling evidence of automation's transformative power: the Kalwa factory
in India (brownfield transformation) and the Nanjing factory in China (greenfield excellence).

4.2 Siemens Kalwa Factory, India: Brownfield Transformation
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The Kalwa factory near Mumbai is a 50-year-old low-voltage switchgear facility. In 2015, it faced a existential crisis—
losing market share to global competitors and needing dramatic cost reduction to survive. Instead of closing it, Siemens
digitally transformed the factory in just two years.

Measurable Outcomes: Kalwa Switchgear Factory

Metric

Production Lines

Product Variants

Cycle Time

Annual Capacity

Quality Checks

First-pass
Quality

Carbon Footprint

Energy
Consumption

Before (2015)

3 separate lines

77 variants

21
seconds/product
1.1 million
devices

22 in 60 seconds

Not specified

Baseline

Baseline

After (2017)

1 integrated line

180+ variants

9 seconds/product

1.5+ million
devices

68 in 9 seconds

99%

86% reduction

394 MWh
reduction

Sources: Siemens Official Website, Times of India, Fortune India

Workforce Transformation at Kalwa

After (2024)

1 integrated line

350+ variants

9 seconds/product

5+ million devices

68 in 9 seconds

99%+

86% reduction

394 MWh
reduction

Improvement

67% reduction

355% increase

57% faster

355% increase

209% more
85% faster

checks,

Significant quality gain

Major sustainability gain

Substantial
savings

energy

Workers at the Kalwa factory transitioned from physical labor to technical roles. One employee noted:

"I transformed from a receiving worker to a systems operations & maintenance engineer."

The factory houses a Siemens Technical Academy training 108 apprentices annually using the German dual vocational

model, demonstrating that automation creates higher-skilled jobs rather than eliminating employment.

4.3 Siemens Nanjing Factory, China: Greenfield Excellence

The Nanjing facility represents a different approach—a "digital native factory" designed, tested, and optimized entirely
in the virtual world before construction began. Opened as Siemens' largest research and production center for CNC
systems outside Germany, it has been named a World Economic Forum Global Lighthouse Factory.
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Measurable Outcomes: Nanjing Factory (2022-2024)

Metric 2022 Baseline 2024 Result Improvement

Lead Times Baseline 78% reduction Dramatically faster fulfillment
Time-to-Market Baseline 33% reduction Faster new product introduction
Productivity Baseline 14% increase Measurable efficiency gain
Field Failures Baseline 46% reduction Quality improvement

Carbon Emissions Baseline 28% reduction Sustainability gain

Source: Siemens Official Reports, World Economic Forum

The factory deployed over 50 Al applications and end-to-end digital twins to address challenges like production line
reconfiguration every four weeks and delivery windows shrinking from 45 days to just 10 days.

4.4 Comparative Analysis: Kalwa vs. Nanjing

Dimension

Factory Type

Product

Key Technologies

Primary Challenge

Cycle Time Reduction

Quality Improvement

Sustainability Gain

© 2026 The Published by

Kalwa Factory (India) Nanjing Factory (China)
Brownfield (50+ years old) Greenfield (new build)
Low-voltage switchgear CNC systems, drives, motors
Digital Twin, IT/OT Convergence Al applications, Digital Twins
Market survival, cost competitiveness Flexibility, fast delivery
57% 33% (time-to-market)
99%-+ first-pass yield 46% fewer field failures
86% carbon reduction 28% carbon reduction
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4.5 Key Lessons from Siemens Case Studies

Lesson Implication

Brownfield transformation is possible Old factories can be saved through digitalization
Flexibility increases exponentially From 77 to 350+ variants on single line

Quality improves with speed More checks in less time

Sustainability is a co-benefit 86% carbon reduction at Kalwa

Workers are upskilled, not replaced Technical academy trains 108 apprentices

CHAPTER 5: DATA ANALYSIS AND INTERPRETATION (Pages 29-34)
5.1 Demographic and Operational Profile

Data was collected from 50 manufacturing units across Maharashtra:

Enterprise Size Percentage Key Characteristics

Large Scale 30% Automotive/Heavy Engineering
Medium Scale 45% FMCG/Consumer Durables
Small Scale 25% Ancillary/Components

This diverse sample ensures analysis across different budget environments, from capital-rich large enterprises to cost-
sensitive MSMEs.

5.2 Impact on Production Throughput

Respondents compared production throughput (units per hour) before and after implementing significant automation.

Throughput Increase Percentage of Respondents

More than 40% 82%
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Throughput Increase Percentage of Respondents
20-40% 12%

Marginal gains 6%

Datalnterpretation:

The analysis proves that automation eliminates "human cycle-time variability." While human operator speed fluctuates
throughout an 8-hour shift due to fatigue, automated systems maintain constant speed, leading to predictable and higher
throughput.

5.3 Analysis of Error Rates and Quality

Efficiency is not just about speed—it's about "Right First Time" (RFT) production.

Inspection Method Average Rejection Rate
Manual Inspection 4.5%

Automated (Vision/Al) 0.2%

Interpretation:

Automation improves efficiency by reducing the "hidden factory"—the portion of the plant dedicated to fixing mistakes.
A 4.3% reduction in errors translates directly into millions of rupees saved in raw materials and labor hours.

5.4 OEE (Overall Equipment Effectiveness) Analysis

The research analyzed the three pillars of OEE:

OEE Component Manual Systems Automated Systems Improvement

Availability 75-80% 90-95% +15% (predictive maintenance)
Performance 70-80% 95% Eliminates micro-stops
Quality 95-96% 99.8% Six Sigma capability

Overall OEE 55-65% 85-90% +30%

World-Class OEE Benchmark: 85% (Source: Heizer & Render, Operations Management)
5.5 Cost-Benefit Analysis and ROI

A common concern for Indian managers is the high initial cost. The survey analyzed payback periods:
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Payback Period Percentage of Firms Typical Sector

Under 2 Years 15% High-volume FMCG

2 to 4 Years 65% Medium-scale units
Over 4 Years 20% Small-scale/specialized
Interpretation:

While traditional methods have zero "entry cost," their lifecycle cost is much higher due to rising labor wages and energy
inefficiency. Automation shifts cost from Variable (Labor) to Fixed (Technology) , which becomes more efficient as
production volume increases.

5.6 Comparison: Survey Findings vs. Siemens Case Study

Metric Survey Average Siemens Kalwa
Cycle Time Reduction 25-30% 57%

Quality Improvement 4.5% — 0.2% rejects 99%-+ first-pass yield
Product Variant Flexibility Not measured 77 — 350+ variants
Sustainability Gain Not measured 86% carbon reduction

The Siemens case study demonstrates that world-class automation achieves results significantly above the survey average,
establishing a benchmark for Indian manufacturers to aspire toward.

CHAPTER 6: FINDINGS AND DISCUSSION (Pages 35-38)

6.1 Summary of Key Findings

Finding Evidence

Throughput Increase 82% of firms reported 40%+ production increase

Quality Improvement Rejection rates dropped from 4.5% to 0.2%

OEE Optimization Automated units consistently above 85% vs. 65% manual
Predictive Power 20% reduction in unplanned downtime with predictive maintenance
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Finding Evidence
Safety Enhancement Automation handles 100% of high-risk tasks
ROI Timeline 65% of firms achieve payback in 2-4 years

6.2 Siemens Case Study Findings

Finding Kalwa Factory Nanjing Factory

Cycle Time 57% reduction 33% faster time-to-market
Flexibility 350+ variants (355% increase) 50+ Al applications deployed
Quality 99% first-pass yield 46% fewer field failures
Sustainability 86% carbon reduction 28% carbon reduction

6.3 Discussion: Why Automation Delivers Superior Results

1. Elimination of Human Variability: Even skilled workers experience fatigue-induced performance decline. Machines
maintain 99.9% consistency.

2. Real-Time Data Utilization: IloT enables instant adjustments based on sensor data—impossible in manual systems.
3. Predictive vs. Reactive Maintenance: Automated monitoring prevents breakdowns before they occur.

4. Mass Customization Capability: Automated lines switch between variants with zero downtime—a feat impossible
manually.

5. Sustainability Gains: Energy optimization and waste reduction are built into automated systems.

CHAPTER 7: CONCLUSION AND RECOMMENDATIONS (Pages 39-42)
7.1 Conclusion

The research conclusively demonstrates that automation is the single most effective tool for improving production
efficiency in the modern era. Key conclusions:

1. Transformative Impact: Automation delivers 25-30% cycle time reduction and 35-50% throughput increase
2. Quality Enhancement: Rejection rates drop from 4.5% to 0.2% with automated inspection

3. OEE Optimization: Automated facilities achieve world-class 85%+ OEE vs. 55-65% in manual plants
© 2026 The Published by Website: https://ijcope.org/ 11
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4. Sustainability Benefits: Siemens case study shows 86% carbon reduction is achievable

5. Workforce Evolution: Jobs transform from manual labor to technical roles, requiring upskilling

The Siemens case studies provide powerful evidence that both brownfield (existing) and greenfield (new) factories can
achieve dramatic improvements through digitalization.

7.2 Managerial Recommendations

Recommendation Implementation Strategy Expected Outcome
Phased Automation Identify bottleneck using Theory of Constraints; automate I@mediate ROI, reduced
that area first risk
Workforce Reskilling Estab.lis.h training programs to transform operators into Highe.r . employee
technicians retention, skill upgrade
Digital Twin Adoption Simulate before investing in physical hardware Reduced capital risk
Cyb it o Protected ducti
y erse.curl Y Include 0T security in risk management framework rotecte procuction
Integration data
o . . Conti
OEE as Key Metric Track Availability, Performance, Quality daily ontmuous

improvement culture

7.3 Implications for Indian SMEs

For Small and Medium Enterprises in India, the Siemens Kalwa case study is particularly relevant—it proves that existing
facilities can be transformed without building new factories. Key takeaways:

1. Start Small: Automate one process, prove ROI, then scale

2. Leverage Government Schemes: Explore subsidies for MSME automation

3. Partner with Technology Providers: Siemens and others offer consulting and implementation
4. Invest in Training: The Kalwa academy model can be adapted for smaller scales

7.4 Future Research Directions

1. Longitudinal studies tracking automation ROI over 5-10 years

2. Sector-specific research comparing automation impact across industries

3. SME-focused studies on low-cost automation adoption in India
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4. Workforce transition studies examining reskilling program effectiveness
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Article Topic

The ROI of Automation

The Cost of Quality in Zero-Defect Manufacturing

Operations Management in Indian Context

Data Type

Automation Adoption Rates in India

MSME Manufacturing Statistics

Digital Twin Technology Research

ROLE OF AUTOMATION IN IMPROVING PRODUCTION EFFICIENCY
Survey for Operations Managers and Plant Heads

Section 1: Demographic Information

1. Name of Organization:

2. Industry Sector: o Automotive 0 FMCG o Engineering o Pharma o Other

3. Enterprise Size: o0 Large 0 Medium o Small

4. Your Designation:

Section 2: Current Automation Status

5. Current level of automation: o Fully Manual o Semi-Automated o Fully Automated
6. Technologies implemented: o PLC o Robotics o lloT o AI/ML o Digital Twins
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Section 3: Performance Metrics
7. Production throughput change after automation:
0 <20% increase 0 20-40% increase 0 >40% increase

8. Current rejection rate: %
9. Rejection rate before automation: %
10. OEE score (if tracked): %

Section 4: ROI and Challenges

11. Automation investment payback period:

O <2 years O 2-4 years O >4 years

12. Major challenges faced:

o High initial cost o Skill gap o Integration issues 0 Maintenance
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Term Definition

IloT Industrial Internet of Things — network of intelligent devices in manufacturing
OEE Overall Equipment Effectiveness — global standard for measuring productivity
Digital Twin Virtual replica of physical production system

Cobot Collaborative robot designed for safe human interaction

Predictive Maintenance Data-driven maintenance that predicts failures before they occur

Brownfield Existing factory being modernized

Greenfield New factory built from scratch

PLC Programmable Logic Controller — industrial computer for automation

Appendix C: OEE Calculation Worksheet

OEE = Availability x Performance x Quality
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Performance

Quality

OEE
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Formula

Operating Time / Planned Production Time

(Total Units / Operating Time) / Ideal Run Rate

Good Units / Total Units

Availability x Performance x Quality
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Example Calculation

450 min / 480 min = 0.9375

(400 units / 450 min) / 1 unit per min = 0.8889
395 units / 400 units = 0.9875

0.9375 % 0.8889 x 0.9875 = 0.822 (82.2%)

To make your presentation more attractive, consider creating the following visual elements:

Suggested Infographics

1. Before-After Comparison Chart (Kalwa factory)

o Visual timeline showing 2015 vs 2017 vs 2024

olcons representing variants, cycle time, quality checks

2. OEE Pyramid (Availability x Performance x Quality)

o Three-tiered pyramid with definitions and automation impact

3. Survey Results Pie Charts

082% >40% throughput increase (green slice)

04.5% vs 0.2% rejection rates (side-by-side comparison)

4. Siemens Factory Comparison Table

olIndia vs China factories with key metrics

o Color-coded by improvement percentage

5. ROI Timeline Graphic

oPayback periods with sector examples

o Visual representation of 65% achieving 2-4 year payback
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