Winning Profit in the Age of Continuous Innovation
THE BUSINESS CASE FOR ADVANCING PRODUCT QUALITY
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Executive Qverview

The top strategic objective identified by Manufacturing companies is to produce products that are consistently of high quality. And for good
reason — high quality is the best predictor of sustained corporate health. Companies that produce consistently high quality products enjoy
* Top Market Share
* Stronger Customer Loyalty
* Wider Profit Margins
* More Efficient Strategic Asset Utilization
* Lower Brand Risk Exposure.
The competitive separation of companies that achieve high product quality from those that don't is the effectiveness of the three factors
that determine success
* People
* Process
* Enabling Technology.
This eBook chapter explores the differences that separate the leaders from the laggards in the latter two success factors. We assume
our entire set of companies have talented individuals working with the goal of advancing product quality. We detail the Camstar Model
for Advancing Product Quality, which includes a closed-loop quality process and the enabling technology to support it. We then provide

a business case framework for comparing companies that have adopted the model with companies that have not. We then provide a
comprehensive set of actual business cases taken from companies that have invested in this model.

The evidence is clear - companies that align their talent with a closed-loop quality process and an enterprise-technology built to support it
are able to bring innovative products to market faster and at consistently higher quality than their competitors.



Chapter | Review: Closed-Loop Quality Execution Defined

In Chapter | of this series, we described the market conditions that were accelerating innovation while increasing pressure on operational
efficiency — all bearing down on the organization’s ability to produce high quality end product in a predictable and stable manner.
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Closed-loop quality execution requires the alignment of people, processes, and enabling technology. In Chapter |, we defined the
requirements of enabling technology that brings together historic quality silos of logistics (ERP), product design (PLM), supply chain (SCM),
and customer experience (CRM) into an end-to-end approach to advancing product quality.

Value Chain

In Chapter 2 of our eBook Series, we introduce Camstar’s model for Advancing Product Quality, based on the Closed-Loop Quality process,
and examine the impact the model has had on real companies that have adopted it.



What is Product Quality?

First, let us define product quality from an innovation perspective and an operational perspective. There are many quality models that may
be used - but for our analysis, we are using the Garvin' product quality model, which defines the following critical dimensions of product
quality that may be used for strategic analysis:

|. Features

2. Aesthetics

3. Performance

4. Reliability

5. Durability

6. Serviceability

1. Perceived Quality

Innovation Excellence refers to a company’s ability to continually introduce new products to the market that function in a new way, or
packaged for a new purpose. If we look at the list of quality attributes, “features” and “aesthetics” are most strongly aligned with “innovation”.

The other five elements primarily impact the design, manufacturing, and field use of the product. While the quality of the innovation drives
initial demand, the quality of operations sustains demand and drives customer loyalty. It is operational excellence that creates brand equity
and continued “perceived quality” from one product lifecycle to the next.

S0 how can we create a model that associates product quality with the profitability of innovation?

{Garvin; David A5 =Competing-on-the-Eight Dimensions of Quality”, Harvard Business Review, November-December 1987



The Strategic Nature of Product Quality — Driving Market Leadership

Product Quality drives both innovation excellence and operational excellence. Metrics associated with Innovation Excellence generally drive
the top line, while metrics associated with Operational Excellence drive the bottom line. Success along both dimensions are required to
profit from innovation. Advancing Product Quality means simultaneous superior execution along both dimensions.

A company built to Advance Product Quality will excel in Innovation Excellence That's why leaders identify Product Quality as most

and Operational Excellence, and will lead the competition in market share Strategic to the success of their organizations.

and profitability — and will ultimately have a higher valuation in the market.
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What's the Bottom Line? Hypothesizing the Business Model

While we intuitively understand the strategic nature of product quality, let’s investigate the evidence that product quality indeed impacts the
performance metrics of the business. Stating the business case as a set of hypotheses, we can summarize our study as follows.
Hypothesis . Increasing innovation, in the absence of a closed-loop quality process, has a negative impact on product quality.
Hypothesis 2. Product quality problems increase brand risk to the company.
Hypothesis 3. Product quality problems erode profit.

Hypothesis 4. Product quality problems slow business growth.

In our study, we analyze a sample of 10 companies that have not invested in a closed-loop quality approach. Our sample is taken
from the Life Sciences industry, where product quality problems and new product approvals are publically reported by regulation.
Sources of data include FDA databases on adverse events, recalls, and new product approvals, as well as Hoover’s financial data for the
10 companies in our study. The companies are taken from a variety of manufacturing segments, including cardiovascular, orthopedics,
and diagnostic imaging. In our study, we use the following metrics to represent the variables in our hypotheses:

Level of Innovation: Number of new products introduced into the market per year

Product Quality: Number of product quality issues (complaints, returns, recalls) per year

Brand Risk: Market Capitalization as reflected in P/E ratio

Profit: Operating Profit Margin %

Growth: % Revenue Growth



Evidence of the Business Impact of Product Quality in Non-closed-loop Infrastructures

The Market Assigns Larger Risk (Lower Valuations)

Increasing Innovation Negatively Impacts Product Quality to Companies that Have More Product Quality lssues
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Why Current Quality Systems Aren’t Improving Quality

Note on the previous page that in almost every case, product quality problems are increasing. When products and processes are complex or

high volume, rigorous quality processes are simply not good enough when executed in manual, paper-based environments, or in siloed system
infrastructures that reinforce disconnects across the product quality lifecycle and the value chain.

The study below shows the dramatic effect of combining good
quality process with proper enabling technology.”
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A 2009 Axendia study of QMS in life sciences shows the limited impact
of traditional sglstems that focus on managing regulation rather than
advancing product quality.
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How Product Quality 1s Advanced — Introducing Camstar’s APQ Model

The Camstar Advancing Product Quality (APQ) Model provides a framework for unifying collaborative design, planning, supply, manufacturing
and customer experience through an enterprise closed-loop quality process that accelerates continuous improvement and continuous innovation.

|. DESIGN

Leverage past and current performance data to design for quality
to avoid repeat design mistakes

Analyze data from engineering runs to improve design

Align product design with process to design for manufacturability and service

1. PLAN

Develop process plan concurrently with product design to optimize
manufacturing ramp-up

Leverage past and current process capability plus capacity performance
to optimize manufacturing and supply processes

Seamless engineering change process to speed implementation
and reduce errors

3. MANUFACTURE

Control Man, Machine, Method, Material, Measure at each step
of the manufacturing process to enforce the design

Audit the process and collect quality characteristic data to analyze
the As-Manufactured record for improvement opportunities

Gain global visibility into manufacturing and quality events to uncover
trends and relationships driving nonconformances

Systematically alert operations to trends that lead to nonconformances

4. USE

Track field quality issues to improve product performance and understand containment requirements

Understand service data that suggest quality problems and improvement opportunities

Gain “Field Performance” traceability to track quality issues back to root causes and related products

LEARN

Monitor performance in real time across the product quality lifecycle for early warnings

Understand global implications and relationship of local events

e Use advanced analysis of past performance to optimize product
design, processes design and manufacturing controls

IMPROVE

Implement a global process for corrective and preventive actions that includes relationships among local and global events * Eliminate root cause of quality issues by driving corrective and

Gain immediate access to contextual data to uncover true root causes of failures

preventive action plans to product and process design changes



The Impact of Adopting the APQ Model

In the second step of our study for this Chapter, we analyze companies that have adopted the APQ model and implemented a closed-loop
quality approach throughout their product lifecycles. Across our sample of nine companies (again in Life Sciences due to access to public data)
we see obvious improvements in product quality: By the end of two years after deployment of a closed-loop infrastructure, we see an average
of over 50% reduction in product quality issues. The product quality issues included in the study are complaints, recalls (weighted for impact),
and other reported adverse events.

Reduced Quality Issues by More
than Half by Year Two - on Average
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The Business Case 1s Proven across Industries

Manufacturers committed to Advancing Product Quality get their products to market
faster, at higher quality and lower cost than their competitors.

Leading manufacturing companies are in various stages of Advancing Product Quality
- even those in early stages of closed-loop quality adoption are realizing significant
gains. The transformation that companies have experienced when they adopted an
infrastructure that aligns enabling technology with people and process is revealed

through the remainder of this chapter.

IMPROVE
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Innovation Excellence

Operational Excellence

Increases market share
- Accelerate New Product Introduction
- Expansion of Product Portfolio
- More rapid entry into new markets

Drives customer loyalty
- Improve Product Quality and Reliability
- Increase Perfect Order
- Build Brand Equity
- Decrease Complaints

Widens profit margins
- Increase Yields
- Decrease Labor Cost
- Decrease Scrap/Rework
- Shorter Cycle Times
- Reduce Cost of Quality (good and bad)

Ajend) 1npouyd

Improves Strategic Asset Utilization
- Increase Capacity of Existing Assets
- Decrease Inventory (Enable Lean)
- Improve ROA and Inventory Turns
Reduces brand risk exposure
- Reduce Quality Issues in the Field
- Reduce Risk and Scope of Recalls
- Ensure Regulatory and Standards Compliance



Prevent Issues to Increase Output

Adding a drug component to the Class |l medical device magnified oversight into this company’s lot history record (LHR),
and exploded the number of entries to a stunning 26,000. The paper LHR prevented the company from growing to meet
demand, and threatened its ability to maintain quality and compliance.
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“A paper LHR owns you. With eLHR,
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35% more Throughput, 80% fewer NCRs, while Reducing Lot Sizes

The self-auditing eLHR streamlines data collection, enforces operator processes and procedures, and prevents data entry
errors. Operators focus on production and quality rather than paperwork. First pass yields are up, manufacturing is more
flexible, and review time is nearly eliminated.




Avoid the $5B Incident and Protect the Brand

IMPROVE

When faced with high-profile quality and performance issues in the field, this company scurried to resolve them with
after-the-fact compliance. The cost was unspeakable.

Avoiding the Costs of
a Field Incident

“We were able to contain the cascading costs and risks from manufacturing non-
conformances. We dramatically reduced 100% inspections and sorting, use-as-is based on

some rationale, and scrapping. We are confident we won’t have to notify the FDA that we
shipped product we shouldn’t have.”

® F[ix:$200,000 to $2,000,000
® |ost sales: $200M to $500M

® Lost Market Cap: Up to $5 Billion DIRECTOR OF IT,

GLOBAL MEDICAL DEVICE
MANUFACTURER

- 528 38
$.8.8.8.3

54% fewer Global Field Actions

Company visionaries looked to a Manufacturing and Quality Platform to help them standardize globally on good-quality
processes, guarantee their enforcement, and use feedback to improve product quality. Compliance was a natural outcome.
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Lean Quality

The goal was to streamline and eliminate non-productive activities. Paperwork and manual processes inhibited quality
improvements and growth, and latent visibility of quality data resulted excessive rework and long DHR review times.
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“The Platform supports the plant’s Lean Demand Flow
Technology, reduces the cost of compliance, and provides
manufacturing with the real-time control and quality
information needed to improve yields and ramp up volume
more quickly.”

DIRECTOR OF MANUFACTURING,
LARGE MEDICAL DEVICE MANUFACTURER

Eliminated: 6000 hours per year in paperwork and virtwally all operator errors

With electronic enforcement of processes and Demand Flow Technology, plus instant visibility of production and quality information,
the company drastically reduced overhead associated with compliance while it improved quality and customer service.
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IMPROVE

Fully llluminated Design

“Low Cost Per Watt” is the Solar industry mantra. But R&D and Product Engineering can't design in the dark. Without
access to searchable, actual results to analyze, improvements to technologies are nearly impossible. And the reality check:
|s manufacturing ready to implement and enforce new process to keep variability at a minimum?
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CORRELATE PRIOR PROCESSES AND
MATERIALS WITH ACTUAL RESULTS
T0 QUICKLY DETERMINE ROOT CAUSE

“I can’t imagine working
in a plant without this
Platform. Ours standardizes

process design, and gives
us immediate feedback of
process results.”

® Substrate from Vendor A Lot 3984

® Resist Process Rev 2(

¢ Tool Last Maintained 8 Days Ago

DIRECTOR OF R&D AND PRODUCT ENGINEERING,
GROWING SOLAR MANUFACTURER

Increased Solar Cell Efficiency by 38%0 and Reduced Cost Per Watt by 22%

This growing Solar manufacturer uses instant feedback of prototype and production results to optimize process and technology improvements.
With automatic transition from R&D to production plus enforced processes, variability is low, and manufacturing delivers on time, first time.
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BUSINESS CASE: ELECTRONICS

Customized High Qutput

Increasing demand for customized mobile phones left this global manufacturer struggling to effectively implement
frequent design and feature changes, maintain top quality, and comply with rigorous traceability requirements. Potential

IMPROVE

growth and revenue was obstructed by rigid, obsolete technology.

RELIABILITY FOR MISSION-CRITICAL,
SUPER HIGH-VOLUME OPERATIONS

83,000 serialized units / day
9,000 operators

100 production lines

24x7 on 10-hour shifts

2%
\_

“We have achieved dramatic year-on-year unit
sales growth which resulted in market share gain
— this is supported by the Platform.”

Plus. . . another plant
coming online this year!

VICE PRESIDENT OF PLANNING AND LOGISTICS CONTROL,
GLOBAL MOBILE PHONE MANUFACTURER

25% Increase in Shipments and Fewer Returns

Enabled by an Enterprise Platform, errors and quality problems are prevented by controlled production workflows and specifications.
Complete traceability of every phone is instantly accessible, and the number of returns has decreased dramatically.
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IMPROVE

The Right Enabling Technology for Growth

Good news: This global company has electronic storage media for everyone from businesses to consumers.
Result: Production volumes increased dramatically over widely dispersed global plants that struggled with local, legacy
manufacturing systems. How could best practices be standardized if communication was so difficult?

IT Costs Decrease as Production Scales

f
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Site 1 Site 2 Site 3 Site 4 Site 5
Deployment Cost

$

“We can now more easily expand and grow each plant, and
apply consistent global performance analysis because data
and definitions are constant. And IT has lower costs

of system ownership.”

ClO AND VP OF PROCESS EXCELLENCE,
GLOBAL ELECTRONIC STORAGE MANUFACTURER

Technology Enables Best Practices, Decreases Deployment Costs 30-50% per Site

Five sites throughout Asia standardized on a single MES. They use established knowledge and a common manufacturing model

\| that is easily transferred to each site. Gone is the need for specialists in obscure technologies, in return for easy sharing
| of best practices among sister plants.
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BUSINESS CASE: BIOTECHNOLOGY
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Racing the Virus

A new global virus, and scientists in this company would have a new idea for a biological reagent that could be used to h g
develop the vaccine. But it took nine months to move the idea to production, and either the need would diminish or the
competition would step in. It was a frustrating loss of opportunity and revenue.

“We could take advantage of a contagious new thinking
A — discipline and standardization. ldeas that the R&D
scientists thought were impossible are now possible.”

“Here’s the standard process we
can use to make this new reagent.”

CHIEF ARCHITECT,
LARGE BIOTECHNOLOGY COMPANY

Reduced NPI time from 9 months to 9 days
It would not have been possible without a Platform that offers standardized, visible and reusable processes — plus instant feedback on
process results. The incredibly short NPI time means many more opportunities for new business.
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More Margins for Metals

IMPROVE
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Customer service goals mandated improved efficiencies, higher yields and more throughput. But with paperwork errors,
lack of quality data to help solve problems, and WIP piling up - top quality, on time, every time appeared elusive.
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“Because we produce a variety of products with different
specifications, we needed to automatically track them
through the various processes to ensure they meet our
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quality standards. Now we do this seamlessly, with real-
time visibility. We improved our manufacturing yields, and
streamlined operations to create new efficiencies.”

DIRECTOR OF OPERATIONS,
GLOBAL METALS MANUFACTURER

Higher margins a result of: Increased yields 90M Tonnes a year and reduced recurring costs $1.2Ma year

Electronically enforced processes and data collection eliminated errors and provided instant quality feedback for fast correction.
Accurate WIP feeds scheduling systems to optimize use of equipment and increase throughput.




CONCLUSION

Manufacturing leaders identify Product Quality as most Strategic to the success
of their organizations.

The Framework for Advancing Product Quality unifies collaborative design,
planning, supply, manufacturing, and customer experience through an enterprise
closed-loop quality process that accelerates continuous improvement

and continuous innovation.

Revenue and Product Issues

APQ Platform Deployed

Revenue
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Companies that Advance Product Quality by aligning their talent with a closed-loop quality
process and an enterprise-technology built to support it are able to bring innovative
products to market faster and at consistently higher quality than their competitors.

Benefits Achieved

Leading manufacturing companies are in various
stages of Advancing Product Quality - even those
in early stages of closed-loop quality adoption are
realizing significant gains:

* 35% more Throughput, 80% fewer NCRs,
while reducing Lot Sizes

* 54% fewer Global Field Actions

* Elimination of 6000 hours per year in
paperwork and virtually all operator errors

* Increased Solar Cell Efficiency from 32% to 38%
* 25% Increase in Shipments and Fewer Returns

* Deployment costs decreased 30-50% per site
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