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The Autodesk Pier 9 Technology Center in 
San Francisco invited a world-class group 
of manufacturing experts, academics, and 
leaders in the digital manufacturing industry 
to the inaugural Configurable Micro Factory 
Symposium, June 18–19, 2018. 

Over the course of two days, participants 
engaged in a rich cross-pollination of ideas  
and strategies, conversations, and networking. 
With representatives from the areas of  
research, data collection and analytics, part 
sourcing, on-demand machining, venture 
capital, education, and microfactories, the 
discussions were rich and enlivened.

During the Symposium’s sessions, a palpable 
energy surrounded the seemingly unlimited 
opportunities afforded to manufacturers 
engaging with new technologies and exploring 
future potentials. The changing nature of 

specialized products, consumer desires, and 
increasing accessibility to production and 
distribution creating enormous opportunities 
for niche manufacturing and microfactories. 

However, the size of opportunity is matched 
only by the significant challenges in terms 
of implementation, financing, and worker 
education. To bring the future potentials  
into the present day, the industry needs 
to develop new models of doing business, 
educating workers, creating networks of  
capital investment, digitizing production, and  
sharing information through communication 
and data standards. With the broad mix of 
thought leaders and practitioners brought 
together at Pier 9, the group took stock of the 
challenges and opportunities, deeply exploring 
the future of the industry across multiple axes.
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Capital Investment in Technology
While there’s no shortage of powerful technology 
being developed for microfactories, current 
manufacturing business models often show an 
ROI at 10–20 years instead of the 3–5 years that 
investors tend to prefer. Manufacturing also tends 
to have some of the least cash on hand of  
any industry. 

New business models are needed, from offering 
everything as a service to made-to-order 
configurable microfactories deployable across 
the globe. Venture capital is likely to help 
microfactories indirectly by investing in new 
machines and materials that will eventually 
make their way to the factory floor. Harmonizing 
distributed capital with distributed capacity can 
help lower the cost for individual microfactories 
to bring products to market. The possibilities for 
such networks dazzle the imagination, yet their 
real-world implementation is just getting started. 

 

Keep the Momentum Going in 
Residence at Pier 9
Autodesk invites project and research teams to 
apply for a residency at Pier 9, where they can 
experiment, test, and create technologies that 
the world has not yet seen. Residents, teams 
and companies are provided with workspace 
in the Pier 9 office and access to the workshop 
equipment and training courses to support the 
development of their work. All residents maintain 
ownership of their intellectual property and 
physical objects created at Pier 9.

While in residence, they will participate in 
digital manufacturing’s most forward-thinking 
environment for discussion, collaboration, and 
experimentation. The community of residents, in 
combination with Autodesk’s research teams also 
at Pier 9, will continue the enlivened exploration 
of the future of manufacturing that launched  
with the Symposium.

Automation → Jobs →  Education 
New technologies and automation always push 
aside some jobs while creating new jobs for the 
operation, maintenance, design, and production 
of the digitized, automated ecosystems of the 
factories of the future.

Many high-quality jobs are available now,  
but they’re difficult to fill because of a dearth 
of employees qualified for the new technology. 
Ironically, the lack of qualified job candidates  
can drive some manufacturers to pursue  
greater degrees of automation in order to 
complete the factory’s work. 

The industry needs a stronger link between 
learning institutions and factory employers,  
both for establishing new benchmarks  
for universally employable workers and for  
reskilling existing employees. 

Apprenticeships and traditional degree programs 
are good but often take too long, and the 
quality and duration of those apprenticeships 
and degrees matters. Reverse mentoring 
between different generations of employees 
can help spread skills and capabilities among 
the workforce, but the industry needs more and 
better fast-track certifications and educational 
programs. Greater acceptance of short-term  
NIMS programs and integrated hardware and 
software “bootcamps” would help. 

In a full-circle example of machine learning 
helping human employees, new artificial 
intelligence techniques may help speed the 
process of training workers by rapidly creating 
curricula from recordings of current employees  
on the job. 

www.autodesktechnologycenters.com
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KEY TAKEAWAYS

Keynote Speaker: 
Duleesha Kulasooriya, HEAD OF STRATEGY & 

RESEARCH, DELOITTE CENTER FOR THE EDGE 

Guest Presenter: 
Chris Arkenberg, RESEARCH MANAGER, 

DELOITTE CENTER FOR TECHNOLOGY,  
MEDIA & TELECOMMUNICATIONS

 → Manufacturing’s key dynamics: 
consumers, products, and the economics 
of production and distribution are 
undergoing major shifts.

 → The thriving niche of modularly-built 
music synthesizers demonstrates one 
successful model for microfactories.

 → Industry 4.0 will eventually make its way 
to the world, but in a different manner 
than it’s happening in Europe.

 → People are still the most configurable 
resource for most of the world’s 
manufacturing capacity.

At Deloitte’s Bay Area research think tank the 
Center for the Edge, Duleesha Kulasooriya and  
a small team contextualize on a broad level  
the “big shifts” changing the world, such as the 
decreasing costs of core digital technologies like 
bandwidth, storage, and computing power. They 
approach these shifts from a technology-agnostic, 
business model level that he described as, “What 
should be keeping you up at night, and what 
could you do about it?”

A couple of years ago, Kulasooriya identified 
making and manufacturing as undergoing such 
a shift and wrote a paper called the “Future of 
Manufacturing,” where he identified four big 
shifts happening in the space:

1) Consumers: 
People who really care about any one thing—
music, clothing, cars, food, et cetera—want as 
much personalization and customization in those 
areas as possible. That wasn’t possible in the  
past, but it is now; novel things can be made in 
smaller and smaller amounts. 

2) The Nature of Products: 
More physical products are becoming “smart,”  
and that shifts their value. For example, smart TVs 
are getting bigger and better but cost less and 
less, meaning manufacturers don’t make as much 
money from them. Meanwhile, companies serving 
the smart product with content, such as Netflix  
or Hulu, are profiting. 

Modularization—selling pieces that fit into 
something bigger—is also changing products. 
This allows niche markets to thrive. For example, 
gray-market phones made in China that sell for 
around $25 each are designed from manufacturing, 
meaning that companies utilize the best, most 
affordable pieces from all the parts available in 
the manufacturing ecosystem and configure them 
together into a niche product. 

3) Economics of Production: 
In the past, manufacturing required lots of assets 
and lots of money. Not anymore. You can set up a 
microfactory today at a small scale, and it’s viable 
because of the changing nature of the fourth shift: 

4) Economics of Distribution: 
Today, you can connect to the end consumer 
directly or through intermediaries. 

Those four things together shift the business 
of manufacturing. At the base are platforms, 
and at the top are niches. Large firms are more 
likely to create platforms as they get bigger and 
consolidate even more, making products ever more 
efficiently and at lower cost. Niches are where the 
configurable microfactory comes into play.

Niches are not just on-demand, Etsy-type things. 
Large niches like the $25 gray-market phones 
find previously unaddressed markets that can 
profit from unit sales of thousands rather than 
hundreds of thousands or millions. As an example, 
Kulasooriya bought a distinct phone in Shenzhen, 
China, for about $30 that had a flashlight, boom 
box, dual USB charger, and dual SIM. He found out 
it was made primarily for Middle East construction 
workers. Apple, Nokia, or Samsung would never 
make those phones because they would only sell 
in the thousands of units. But as a specialty niche, 
those phones are a good small business.

Such niches can start to become their own 
platforms, producing high quality at low cost. 
Those better niches lead to better platforms  
and so on in a feedback loop.
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Proof of Concept:  
Modular Synthesizers
The thriving niche market of modular musical 
synthesizers demonstrates the future of 
manufacturing’s principles. 

Chris Arkenberg, a research manager at 
Deloitte’s Center for Technology, Media & 
Telecommunications played music from his  
highly-customized and personalized Eurorack 
modular synthesizer rig—a collection of 
individually produced electronic music tools 
brought together into an interoperable whole 
through standardization and the lowering barriers 
to manufacturing, distribution, and marketing. 

The first musical synthesizers from the 1960s  
were expensive patch-board behemoths that 
produced sounds by patching together modules 
of oscillators, amplifiers, filters, and other tools. 
In 1996, the small German company Doepfer 
created the Eurorack, a standard for modular 
synthesizer power supplies, connectivity, and 
unit sizing. The standard steadily grew, but only 
in the past decade did the shifting economics 
of production and distribution, along with social 
media and online communities, enable Eurorack 
and modular synthesizers to really take off into  
a global phenomenon. 

Seemingly organically, dozens of very small 
businesses took up the task of creating Eurorack 
modules using cheap, but powerful components. 
Access to the global supply chain enabled them 
to create their own small business with their 
own branding and interfaces within the Eurorack 
ecosystem. Through grassroots marketing online 
and at passionate community events, at least 
100 Eurorack microfactories scattered around the 
world have become viable businesses, and the 
modular synthesizer market continues to grow. 

Each musician’s personalized modular synthesizer 
is in itself a configurable microfactory for making 
music. Arkenberg remarked how this field of 

“artisanal electronics” has implications for the 
broader niche-manufacturing landscape.

What’s Next?
Kulasooriya’s “Future of Manufacturing” paper 
caused some ripples in the industry, but now he’s 
looking at the prospect of further breaking down 
the huge manufacturing space, which comprises 
chemicals, jewelry, vehicles, clothing, furniture, 
electronics, and innumerable disparate goods. 
He’d like to identify which areas will really drive 
the shift to the platform/niche dynamic. 

Right now, the emphasis on Industry 4.0 is based 
on what’s going on in Europe, which makes sense 
for Europe. However, when the shift does happen 
to Industry 4.0, it’s going to be very different. 

Most of today’s manufacturing lies outside of 
Europe and in facilities that have 20, 30, even 
100 years of history. If you set up a microfactory 
today, it makes perfect sense to do everything 
as modern as possible and embrace Industry 4.0, 
but transitioning from older facilities is different. 

People are still the most configurable aspect of 
most factories, and they can reconfigure rapidly 
without the need for a large volume of orders 
to make it worthwhile. China no longer has the 
cheapest labor—Myanmar, Bangladesh, Vietnam, 

and other surrounding countries are all 
cheaper—but China has a lot of relatively 
skilled labor. 

The big players like Foxconn  
are moving toward maximum 
automation, especially when  
setting up something new, but  
in the midsize countries where 
most manufacturing happens 
today, people play a big part  
in configurability. 

“People are very configurable. That’s a reason you  
used them. For particular types of jobs, you can have  
them do many things very differently. Industry 4.0  
is going to happen, but when and how it happens are 
going to be very different [than in Europe].” 

—Duleesha Kulasooriya Head of Strategy and Research, Deloitte Center for the Edge
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Moderator: 
Duleesha Kulasooriya, HEAD OF STRATEGY AND  

RESEARCH, DELOITTE CENTER FOR THE EDGE 

Panelists: 
Dorien Staal, GENERAL MANAGER, VOORBIJ PREFAB

Randy Reeves, DIRECTOR OF MANUFACTURING 
OPERATIONS, FIRSTBUILD

Marco Annunziata, AUTODESK RESIDENCY FELLOW AND 
CO-FOUNDER, ANNUNZIATA + DESAI ADVISORS

Hannah Edmonds, TECHNICAL SPECIALIST,  
DIGITAL ENGINEERING AT  

MANUFACTURING TECHNOLOGY CENTER (MTC)

FACTORY Workforce 
Reskilling
Panel 

 → Automation replaces some jobs but also creates  
new jobs that can be difficult to fill. 

 – Creates need for workforce reskilling.
 – How can microfactories approach reskilling,  

and which skills are needed most?
 – The industry is demanding industrial 

robotics, additive manufacturing, and digital 
manufacturing training.

 → Are the new microfactory skills really problem 
solving, critical thinking, and creativity?

 – That may be too future-oriented; traditional  
skills are being lost and are still needed.

 – Yet people with those traits can adapt quickly  
and retrain on the job.

 → Reskilling can take from 4 weeks to 4 years
 – Some schools resist offering  

fast-track certifications.
 – Some employers resist hiring  

fast-track certification graduates.  

 → Advanced software and hardware blur the  
boundary between the design process and  
the manufacturing process.

KEY TAKEAWAYS

D. Kulasooriya, D. Staal,  
M. Annunziata, R. Reeves,  

H. Edmonds
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Duleesha Kulasooriya of Deloitte, keynote speaker 
and author of the Future of Manufacturing 
research paper that launched Autodesk’s “Future 
of Making Things” vision, framed the discussion 
on workforce reskilling around the paradox that 
increasing automation presents in the modern 
factory. Although automation inevitably replaces 
some jobs, it also has created an employment 
vacuum where many jobs are waiting to be filled 
by workers with the right skills. 

While this creates an obvious need for workforce 
reskilling, Kulasooriya cited a lack of clarity about 
exactly which skills are falling by the wayside, 
which skills will be most needed, and how best  
to approach reskilling. 

Dorien Staal is the general manager at Voorbij 
Prefab, which in the past three years staffed 
down from 180 employees to 35 employees using 
increased automation. Due to Dutch regulations 
on reorganizing a company, the 35 employees 
were not all the people that Staal would have 
chosen based on skills alone. 

So Voorbij Prefab faced the challenge of not only 
reskilling workers on the job but also keeping them 
motivated after their jobs became more repetitive 
with the addition of automation. The company 
found that reskilling the workers was possible 
on the job as long as they put the time and 
focus into going over the new processes again 
and again as much as was needed. Voorbij also 
helped keep the employees engaged by getting 
them personally invested in the company’s new 
direction and focusing their creative energies on 
optimizing their new work processes.

As Kulasooriya pointed out, when certain bodies 
like the World Economic Forum tackle the topic of 
workforce reskilling, they often list top qualities 
such as complex problem solving, critical thinking, 
and creativity. However, Autodesk residency 

fellow and former Chief Economist for General 
Electric, Marco Annunziata, thought that those 
analyses often look too far ahead into the future, 
to a time when 50 to 75 percent of jobs will 
have disappeared to automation. Meanwhile, 
traditional ground-level skills are still needed but 
are starting to evaporate in the workforce. 

“We really need to evolve the existing skills and 
make workers more conversant, faster with new 
technologies so we can focus on optimizing the 
joint performance of technology and human 
capital at the same time,” Annunziata said. 

Deloitte’s Center for the Edge, where Kulasooriya 
is head of strategy, created a skills pyramid that 
emphasized knowledge as the foundation, then 
capabilities, with passion at the top. Randy Reeves, 
director of operations at FirstBuild in Louisville, 
Kentucky, believes that those, as well as the 
human “soft skills” such as problem-solving and 
creativity make all the difference in a configurable 
microfactory like FirstBuild, where they pivot on a 
monthly basis from product to product. 

Reeves calls people with those “building blocks” 
of human soft skills “universal employees”, and he 
has many examples in his four years at FirstBuild 
of successfully taking that employee and stacking 
whatever skill is needed—such as press-brake 
operator—on top. 

However, those skills Reeves can stack onto the 
universal employees are the operational skills 
of the day-to-day technician. Hannah Edmonds 
of the Manufacturing Technology Center (MTC) 
in Coventry, UK, works with more than 100 
member organizations of all sizes, training the 
next generation of apprentices and up-skilling 
the existing workforce both on operational tasks 
and the more high-level engineering skills for 
designing and building a factory in the first place. 

Edmonds said that what the industry is asking  
for in terms of training today focuses on 
industrial robotics, additive manufacturing,  
and digital manufacturing. 

With the amount of emerging technologies 
coming online today and the rapid pace of change, 
there is some urgency to reskilling workers and 
filling technician positions, but what it takes to 
train new or existing workers varies according 
to a person’s capabilities and/or industry 
expectations. 

The MTC offers a three-year formal training 
for teenagers right out of school that includes 
both college and on-the-job training. John 
Tierney, a manager at Toyota’s TILT Lab in 
Georgetown, Kentucky, explained that to become 
a maintenance person who diagnoses a complex 
piece of manufacturing equipment at Toyota’s 
Production Engineering and Manufacturing 
Center (PEMC), it takes a two-year associate’s 
program at a trade school plus two years of 
supervised on-the-job training. 

More focused training or reskilling can happen 
much faster. At Voorbij Prefab, a lack of Dutch 
labor led the company to bring in Polish workers, 
who were up and running in six weeks to do 
a single technical operation. There are labor 
shortages in North America, too. Companies 
such as Tesla need CNC machine operators, and 
NIMS (Nissan Integrated Manufacturing System) 
has an 80-hour program that can certify CNC 
operators in several weeks. 

However, some lingering institutional resistance 
can still make it difficult to fast-track workers 
through such programs. For instance, junior 
colleges that insist on only doing two-year 
training programs, rather than two-month NIMS 
programs that could lead to jobs. 
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On the other hand, Ivy Tech Community College 
in Indianapolis does offer NIMS training. 
However, even though Indiana has a lot of small 
manufacturers, its industry as a whole still tends 
to want two, three, or four years of training. “Our 
students coming out are not able to get the 
jobs because our employers are still in that old 
mindset,” said Ivy Tech Assistant Dean Jason Roth. 

With advanced software and hardware changing 
factory layouts, manufacturing job descriptions, 
and the training methods for those jobs, Senior 
Director of Autodesk Technology Centers 
Rick Rundell proposed that the configurable 
microfactory could not only blur the boundary 
between designing something and actually 
fabricating it, but also bring people with design or 
artistic skills onto the factory floor. 

If that’s the case, it could be an early step in 
making the lofty ideals of creativity and passion 
more prized characteristics of the configurable 
microfactory employee. Reeves, for one, has 
learned not to overlook those traits. He spoke of 
an artist who came to interview at FirstBuild. “At 
first glance I wanted to move her aside and paint 
with a broad brush that there was no way an artist 
can have the technical capability to run an Amada 
4000-watt laser and configure it,” he said. 

However, she convinced Reeves that she’d been 
working with her hands and to give her a chance 
with the job. She ended up with a passion for the 
physics behind that Amada laser and ran it for 
several years before going back to school. She’s 
now spending the summer at Fermilab in Illinois 
working on laser technology. 

F. Clayton

FACTORY
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“Instead of focusing exclusively on the 
technology, think about optimizing both 
the technology and the human capital 
from the start. If you do, you will realize 
more and more that you should give higher 
importance to the skills we already have 
today. I’m talking about factory-floor, 
typical skills—think of welding, think of  
a lot of the ground-level skills, which are 
being lost as we speak.”

—Marco Annunziata 
Autodesk Residency Fellow
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Moderator: 
Mike Haley, SENIOR DIRECTOR, MACHINE 

INTELLIGENCE AT AUTODESK 

Panelists: 
Bill Bither, CO-FOUNDER AND CEO OF 

MACHINEMETRICS

Anna-Katrina Shedletsky, FOUNDER AND 
CEO OF INSTRUMENTAL INC.

Syed Hoda, CHIEF MARKETING OFFICER, 
SIGHT MACHINE

Data & 
Digitization 
Panel 

A.K. Shedletsky,  
S. Hoda, B. Bither
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For a lively conversation with a whip-smart 
panel on the state of data and digitization in the 
configurable microfactory, Autodesk’s Senior 
Director of Machine Intelligence Mike Haley 
steered the ship into the “murky field” of IOT and 
Industry 4.0. He wanted the panelists’ thoughts 
on these trends toward automation and data 
exchange in manufacturing technology.

Syed Hoda is the chief marketing officer of Sight 
Machine, a data analytics platform for digital 
manufacturing, and he’s not one to mince words. 
He said that while IOT and Industry 4.0 are all 
well and good, there’s too much focus behind the 
hype and “sexiness” of things like predictive data, 
while proponents of additive manufacturing and 
microfactories don’t concentrate enough on the 
foundations of lean manufacturing. That’s why 
Cisco—where Hoda worked for 13 years—found 
that 76 percent of IOT projects fail and now have 
a bad rap among venture capitalists.

As a manufacturing data company that sells 
primarily to consumer electronics brands, 
Instrumental works on factory outputs, and 
the product units, rather than data from the 
machines or processes. Instrumental founder 
and CEO Anna-Katrina Shedletsky said the terms 
Industry 4.0 and IOT mean different things to 
different people. Instrumental avoids using the 
terms because they don’t tend to close business 
for the company, and most of their clients are still 
in Industry 2.0, trying to parse the meaning and 
ROI of Industry 4.0 initiatives. 

By contrast, CEO Bill Bither’s company, 
MachineMetrics, calls itself an industrial IOT 
analytics platform, in part because there is so 
much buzz and interest around IOT. While failed 
IOT systems are too broad, too big, and have a 
long ROI, MachineMetrics focuses on collecting 
simple, descriptive analytics and showing data 
on the shop floor with a real-time dashboard that 
ties into the human element and reduces ROI to 
30 to 90 days. 

MachineMetrics just started applying predictive 
analytics to microfactories, and Bither answered 
an audience question saying that you have 
to have both physical and digital data to be 
predictive in nature. Hoda added that a proper 

“digital twin,” a term GE pioneered, combines the 
physical and the digital.

Haley then veered the conversation toward 
processes using AI. While Instrumental is an 
AI-driven company, Shedletsky again avoids 
using that terminology because there is as much 
discomfort as there is excitement with her clients 
around AI. Instrumental has a machine learning 
engine, but it’s just one tool in the data toolbox, 
and they’re just as likely to give their customers 
really good statistics on their data using a 
Pearson coefficient in a brute-force way.

Again, Hoda pointed out that there is a lot of BS 
around the topic of AI, but that Sight Machine uses 
it because it works well for cleaning data. Instead 
of hiring a top data science graduate for $175,000 
a year out of college to spend 70 percent of his or 
her time on data preparation (which the person 
will likely hate doing), Sight Machine uses expert 
systems, a type of AI that emulates the decisions 
of a human expert to clean data. 

At first, MachineMetrics concentrated on 
collecting a lot of data and generating real-time 
insights and historical reporting. However, Bither 
wanted to do predictive analytics. So after four 
years of generating a huge clean data set, he 
hired a chief data scientist to apply machine 
learning to it. “For each machine we connect 
to,” Bither said, “there might be 100 data points 
streaming in real-time, and we can leverage 
machine learning to find true anomalies that 
correlate with a cutting tool failing.”

With the ever-increasing data collection of a 
factory’s machines and processes, Haley posited 
that it’s only a matter of time before the focus 
shifts to people and the data on how people do 
their jobs. Is there an ethical concern over that 
data set eventually being used to learn a person’s 
job and replace that person? 

 → Industry 4.0 and IOT mean different 
things to different people; many 
business failures under this banner 
have contributed to skepticism.

 → AI is just another tool in the data 
toolbox, but it can be very effective 
when you have large enough data sets 
to leverage it.

 → Increasing the intelligence of the 
factory line is necessary to compete; the 
resulting jobs lost should seek reskilling.

 → Employees show receptivity to on-the-
job data monitoring, but there can be a 
generational divide to this acceptance.

 → Data standards for equipment 
interoperability could help many 
microfactories, but will likely progress 
too slowly to drive innovation. 

KEY TAKEAWAYS
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“Industry 4.0, IOT—it’s both a combination of 
revolution and bullshit. We focus too much  
on the buzz and the sexiness versus the reality 
and the foundation.” 

—Syed Hoda,  
Chief Marketing Officer, Sight Machine

Shedletsky offered that automating people out 
of jobs is a serious issue that the manufacturing 
community could do a better job of addressing, 
but that the race for greater intelligence on the 
factory line is also a high-stakes matter of global 
competition. All of the panelists’ companies exist 
because the competitive advantages of increased 
intelligence on the line are so important. 
Companies that stop that progress to preserve 
human jobs will likely fall by the wayside. Rather, 
the industry should seek out more fulfilling jobs 
for people through reskilling. 

“We’ve got meat in our heads,” Shedletsky said, 
“so we should do things that people with meat 
in their heads are good at. That’s not crunching 
massive amounts of numbers.”

Bither added that in the present moment many 
of his microfactory customers are being pushed 
toward automation because they can’t find 
enough machine operators to hire. Their most 
significant down times come from not having  

a human operator, rather than a broken machine 
or failed tool. And when it comes to quantifying 
a person’s job performance with real-time data 
from the Machine Metrics tablet app, there is 
often a generational difference in attitude.  
Older employees may treat it like “Big Brother”  
is watching them while younger workers are 
excited to engage with the data, even to the point 
of posting an image of an all-green dashboard  
to Twitter. 

Symposium attendee Carlo Cruz of Toyota in 
Georgetown, Kentucky, added to that sentiment, 
saying that during some trials that monitored 
motion and collected other performance data in  
a noninvasive way, employees were excited to see 
what they did and hear their score at the end of a 
shift. “They’re seeing it more as an augmentation 
to their work than a detriment of being watched 
the whole time,” Cruz said.

Another audience comment launched an 
exchange about data standards when MakeTime 

Director of Product Strategy Ryan Kelly said that 
the lack of interoperability between machines  
was a huge barrier to connecting manufacturing 
data. Bither agreed that standards are important 
but that they move too slowly to rely on them to 
drive innovation. 

Hoda asserted that while standards are a nice 
idea, they flat-out will never work because the 
egos of huge players like Cisco, SAP, Microsoft, 
and the like won’t let a standards body tell them 
what to do; he said that the industry should 
seek other workarounds. Meanwhile, Eric Klein of 
the Lemnos venture hardware fund argued that 
something had to be done, because while they 
were sitting in a bastion of Industry 4.0, the rest 
of the world was stuck in 2.0 just trying to get 
these complicated silos to talk to each other. 

Kelly suggested that ontologies could potentially 
resolve the stalemate of standards bodies. The 
significance of data standards would resurface in 
some of the breakout discussions that followed.

FACTORY
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Breakout Session
on Workforce Reskilling,
Data & Digitization, and Software

During the Configurable Micro Factory Symposium  
breakout sessions, the attendees split into three groups, 
each guided by an Autodesk facilitator. Those groups  
then split into smaller groups, each focused on one of  
the topics from the earlier panels. The Factory topics were 
Workforce Reskilling, Data & Digitization, and Software. 

Each person brainstormed questions and assertions  
around his or her topic, which the groups then collected 
and discussed in order to synthesize them into one 
common “critical question” and “bold assertion.”

KEY TAKEAWAYS

 → Education and industry should work together to  
create “universal employees.”

 → Redesigned, worker-centric factories may go too far  
in accommodating worker creativity.

 → Microfactories should seek a new consensus on  
the nature of manufacturing work.

 → Clean, common, and openly available data is  
necessary to move into Industry 4.0.

 → AI can help parse data, but humans are responsible  
for the critical thinking related to it.

 → Better software is the missing piece to tie together 
the disparate machine and human parts within the 
configurable microfactory.
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Workforce Reskilling
One group asserted that the highest impact 
for workforce reskilling, particularly for the 
configurable microfactory, would come from 
developing “universal employees,” as well as 
industry and HR policies that complement those 
employees. During his presentation on the 
Workforce Reskilling panel, FirstBuild’s Randy 
Reeves brought up the concept of a universal 
employee as someone with highly developed 

“soft skills” that enable the employee to quickly 
adapt to a changing workplace and readily learn 
technical operation skills. So this group posed 
the question of how can the educational system 
evolve to create a workforce of that type of 
employee and to create a feedback loop from 
education to industry and back to education for 
continual reskilling?

Another group examined the balance between 
technology and human capital and agreed that 
the human will always be in the loop. They 
concluded that in the future the focus will be on 
designing better worker-centric environments 
that will utilize employees to the best of their 
abilities rather than giving workers specific sets 
of skills. However, that led to the question of 
what is satisfying work that lets workers express 
themselves? And is there a risk that factories  
will overreach in this worker-centric effort to  
the point that a significant amount of people will 
reject it and just say, “Tell me what to do!”

The third group discussed the natures of work, 
learning, manufacturing, and the architecture 
of manufacturing before asking how can we 
reimagine the actual work of manufacturing? The 
assertion was that we’re encrusted in particular 
ideas and metaphors, and the changing nature of 
manufacturing’s architecture could let us define 
and systematize the work differently. 

Data & Digitization
The first data and digitization group identified 
the lack of data standards in manufacturing as a 
big problem, comparing it to the interoperability 
mess that would ensue if web pages did not use 
the same HTML code or if one version of JPEG 
images was not the same as another version. 
Clean, common, and openly available data is 
necessary to move into Industry 4.0, they  
said. They then proposed “digital triplets,” or 
three things that a factory should do: 1) plan  
the manufacturing generatively, which is  
an added layer to what the morning panels  
had discussed; 2) production simulation; and  
3) the actual production.

A second group also discussed data standards, 
as well as methods for collecting and preparing 
data for analytics, and then how to use that data 
analysis for everyone’s benefit. They concluded 
that there should be a common language  
and a “digital readiness level assessment” that 
would help people understand where they are 
on the journey toward new and possibly distant 
manufacturing capabilities. They raised the 
questions of how to establish a framework  
for implementing digital factories of all sizes 
and how the new processes within configurable 
microfactories might affect the products  
they make.

The final data group started by asking what 
clean data is, and how do you know when 
you have it? The problem is, you often start 
capturing data before you really know what 
question you’re trying to answer. Then when 
you’ve asked the first question, you can’t 
answer the second question with the first set 
of data. This means that the human will always 
be in charge of seeking finer and finer detail 
with different data sets. AI can help facilitate 
the data processing but not ask the critical 

questions. So data will never be a substitute for 
critical thinking, and we must teach ourselves 
how to use data most effectively even if it is 
imperfect and imprecise.

Software 
One group tackled the topic of software and 
believed that it is the missing piece of the 
puzzle to connect all the various parts of the 
machinery and the human workforce needed to 
work together for the configurable microfactory 
to operate most efficiently. Better software could 
help with a lot of the problems brought up during 
the Monday morning sessions from workers 
losing their sense of purpose to the quest to 
more efficiently reskill the workforce. What’s 
holding back the effort for that better software 
is interoperability: the lack of standards, and/
or the ability to have standards. So instead of 
waiting around for the perfect software solution 
that’s never going to come, the industry should 
seek better ways to move software forward 
incrementally to get the ball rolling.

FACTORY
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“Data will never be a substitute for critical thinking,  
so we must teach ourselves how to understand data and 
use it effectively when it is imperfect and imprecise.” 

— Factory Breakout Session group on Data & Digitization

“It seems like we’re encrusted in particular ideas  
and metaphors and some of this changing nature  
of [manufacturing] architecture might let us  
factor the work differently.” 

— Factory Breakout Session group on Workforce Reskilling
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Panelists: 
Randy Reeves, DIRECTOR OF MANUFACTURING  

OPERATIONS, FIRSTBUILD

John Tierney, MANAGER, DIGITAL ENGINEERING  
PLANNING & DEVELOPMENT, TOYOTA N.A.

Hannah Edmonds, TECHNICAL SPECIALIST,  
DIGITAL ENGINEERING AT  

MANUFACTURING TECHNOLOGY CENTER (MTC)

Pilot for 
Process 
Panel 

For this session, three presenters 
explained their microfactories  
and how they function as pilot 

projects for larger organizations  
to validate processes. 

H. Edmonds

MICRO
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Randy Reeves — FirstBuild
“FirstBuild is what we consider to be a one-of-a-kind microfactory.” 

A wholly owned subsidiary of General Electric in Louisville, Kentucky, FirstBuild launched in 2014 
and has 25 employees.

FirstBuild operates under three basic principles: design, build, and sell. It co-creatively designs with 
people coming to FirstBuild, looking to use its microfactory platform to develop product prototypes 
through to consumer-ready products as fast as possible—about one product per month. FirstBuild 
wants to know whether early adopters will pave the way for the future market of a product. 

FirstBuild can launch a single product  
of 1–500 units with little expense: 
→ Adding a feature to an existing product. 

Example: an oven with a slide mechanism 
that makes it easier to get food in and out 
was a big hit and graduated back to the  
full-scale factory. 

→ Technology transfer. Example: Taking the 
“product DNA” of a brand-new precision 
cooking device, innovating on it to make 
it production-ready and transferring that 
technology back to the main site.

→ Repackaging customization. Example:  
Taking a double wall oven and upscaling it for 
GE’s high-end Monogram label—what Reeves 
called “the Camry to Lexus conversion.”

→ Brand-new products. Example: a $10,000  
in-home pizza oven.

Once a product comes off FirstBuild’s line,  
it goes to market in one of three ways:

1. Primary: direct to consumer  
from FirstBuild.com.

2. Strategic channel: retail and contract 
partners through GE network. 

3. Crowdfunding: The Opal ice machine 
launched on Indie-Go-Go now sells  
50,000 units per year. 

GE’s full-scale, macrofactories are push factories. 
They push product every day—a dishwasher 
every 15 seconds, for example—with mass 
production of 100,000 annual units and above. 

Six core competencies of universal employee

By contrast, FirstBuild does low-volume 
production of 100–1,000 units up to 2,000 
for a small assembly. It keeps no inventory. 
When you order it, FirstBuild makes it. 

Reeves said microfactories and macrofactories 
are almost entirely different in how they deal 
with materials, labor, tooling, and product 
design. FirstBuild either makes what it needs 
in-house or keeps the supply chain as short 
as possible. It only uses multiprocess-capable 
equipment and will not do any tooling unless 
Reeves knows that there’s a buyer or a 
volume that will support it. Its eight designers 
use 3D modeling software and a design-for-
manufacturing (DFM) process—they can  
design whatever they want, so long as it can 
be made on the available equipment.

FirstBuild’s employees work flexible 
schedules of 15–22 hours per week; they 
are often local university students who are 
hungry to learn. Reeves doesn’t plan for 
long-term employees but instead expects 
them to move on to bigger things after using 
FirstBuild as a learning platform. He called 
the labor component the biggest challenge 
of moving to a microfactory—how to keep a 
transient workforce moving forward.

He vets prospective employees based on six 
core competencies he’s arrived at over time 
to establish the type of “universal employee” 
who can consistently adapt and learn new 
skills successfully. 

FirstBuild is essentially an R&D component of GE, but it actually returns profit to the parent company. 
That’s very rare, but also an important part of FirstBuild’s longevity.

Communication Skills
→ Speak with clarity  

and concision
→ Email with brevity  

and concision
→ Listening not just 

hearing
→ Understanding  

before responding
→ Professionalism  

and maturity

Decision Making
→ Defining the problem
→ Generating an array  

of solutions
→ Evaluating the costs 

and benefits, or pros 
and cons, associated 
with each solution

→ Selecting a solution  
or response

→ Implementing the 
option chosen

→ Assessing the impact 
of the decision and 
modifying the course 
of action as needed

Technical Skills
→ Experience working 

with your hands
→ Practical knowledge  

of “how things work”
→ Safe and controlled  

in daily approach
→ Dexterity
→ Embrace training;  

seek out how-tos

Attention to Detail
→ Follow explicit 

instructions without 
mistake

→ Thorough concern for 
all factors involved

→ Understand the impact 
of errors/omissions

→ Consciously avoids 
shortcuts

→ Balances time to avoid 
rushing through tasks

Initiative
→ Move from task to  

task without guidance
→ Know what needs  

to be done next
→ Solves one’s own 

issues; knows when  
to ask for help

→ Takes something  
and “runs with it”

Attitude
→ Thirst for learning, 

exploring new things
→ Respect for authority
→ Completion driven 

regardless of task
→ Feels sense of 

accomplishment  
when complete

→ Works well in team 
environment
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The lab has two technicians and a software 
developer, and its space has 27 major pieces 
of equipment divided into seven studios: 
machining, fabrication, collaboration, additive, 
electronics, imaging, and design studios. 

Tilt Lab’s Goals: 

→ Solve problems faster
— Build your own solutions
— Find existing solution

→ Validate new ideas
— Easier access to new software  

and equipment

→ Better engineers
— Recruit, train, and retain

→ Safety

→ Ease of use
— Time to proficiency
— Set-up/design time

→ Versatility

→ Maximizing Available Factory Space
 
The Tilt Lab tries to level-up engineers’ skills 
with advanced machines, as well as integrate 
new technologies that affect manufacturing 
as a whole and automotive specifically. 
For example, vehicle electrification and 
autonomous technology will change how 
people buy cars, what they buy, and how 
Toyota makes them. 

Tilt Lab’s Opportunities (Problems):

→ Cybersecurity
— Nonstandard hardware, software, and 

processes

— Cloud access – bureaucracy within 
company blocks access
+ Fusion 360/Fusion Production –  

too many permissions required  
to run the cloud software  
on Toyota’s firewall

+ IOT and analytics platforms

→ VR and AR toolsets and workflows –  
very primitive at this point
— CAD →  AR/VR

+ Data structures
+ Component grouping

→ Collaborative robotics – higher demand 
for them than Toyota anticipated

→ Additive manufacturing – higher demand 
for it than Toyota anticipated

→ Manpower and shop setup – you can 
never have enough space or people to do 
everything you want.

 
The Tilt Lab had executive support early on 
and has strong grassroots-level support, 
with a lot of doubters in between. The team 
is slowly working to overcome doubts and to 
show its benefits. 

“By ’opportunities,’ I mean ’problems,’  
but I just didn’t want to say that.” 

— John Tierney, Manager, Digital Engineering  
Planning & Development, Toyota N.A.John Tierney — Toyota Tilt Lab

“Tilt Lab fits into our idea of a maker  
space or a microfactory that enables  
our configurable megafactory.”

In 2014, Toyota’s Kentucky manufacturing 
operations created a new production- 
engineering headquarters and wanted  
a space similar to Autodesk’s Pier 9, where 
engineers have direct access to tools that  
allow them to speed up processes. 

Toyota built a 60,000 square foot lab space, 
with 5,000 square feet dedicated to the Tilt  
Lab whose focus is on going as quickly as 
possible from an idea on how to produce a 
vehicle, to using that idea to produce the 
vehicle more efficiently. 

Production engineering sits between vehicle 
design and manufacturing and works with 
both to determine if a design can be built, 
and then how to best build it. It then designs 
the necessary equipment and processes and 
coordinates construction and installation.

The Tilt Lab supports Toyota’s largest 
manufacturing facility, an 8.1 million square 
foot plant that produces up to 500,000 Camry, 
Avalon, and Lexus ES350 automobiles in a year.

That plant reconfigures about three times every 
five years to produce a new model, each time 
with the goals of improving safety, productivity, 
and quality while decreasing lead time and cost. 
The Tilt Lab looks for flexible and fast ways to 
refit the factory.

MICRO
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Hannah Edmonds — The MTC’s 
“Factory in a Box”
“The Factory in a Box is a disruptive supply chain 
solution enabled by industrial digital technologies, 
which is what MTC calls Industry 4.0.”

The MTC opened in 2011 and occupies the 
independent research space between academia 
and industry, which Edmonds called “the valley  
of death.” 

“We try to take the good ideas from academia  
and mature those so they can go into industry,” 
she said.

Those efforts include training, finding 
manufacturing system solutions, and proving 
innovative manufacturing ideas. To enable new 
business models for small manufacturers, the 
MTC has been developing its Factory in a Box 
(FIAB) concept.

The FIAB is a rapidly deployable, remotely 
manageable, fully automated, modular, and highly 
configurable microfactory that fits inside of a 
standard 40-foot ISO shipping container. You can 
ship this anywhere in the world to be closer to 
customers and/or a supply chain and still maintain 
control over it/reprogram robots from your home 
base. It’s scalable with additional FIABs or by 
transferring its processes to a larger facility. 

FIAB’s enabling technologies:

→ Design & Build
— Process Design

+  3D kinematic modeling/VR
+  Control programs development
+  Automated robot path planning
+  Virtual commissioning

— Production Design
+  Cost modeling
+  Capacity analysis
+  Production simulation
+  Production optimization
+  What-if analysis—virtual factory  

(integrated simulation models) 

→ Operation
— Monitoring & Control 

+ Flexible manufacturing 
(more than one product)

+  Supply chain connectivity
+  Real-time planning and scheduling  

(digital twin)
+  Autonomous system management
+  Cloud computing
+  Predictive maintenance
+  Production traceability & quality record.

— Visualization
+  Operations real-time visualization
+  Performance visualization (digital twin)
+  Closed circuit TV
+  Advanced visualization—(VR/AR)

 
To prove the viability of FIABs, the MTC has been 
working for a couple of years on two pilot FIABs 
for two very different businesses. One fabricates 
a copper pipe for novel cryogenic refrigeration 
vehicles, and the other produces a phase-change 
material for a thermal energy storage medium. 

Both pilot FIABs serve companies with valuable 
inventions in the energy market but who lack 
manufacturing capabilities. The first should 
be up and running by March 2019, and should 
demonstrate manufacturing capacity at the  
point of use, improved manufacturing costs,  
and high quality.

FIAB use cases: 

→ Customer: 
— Tech start-ups expanding overseas
— UK OEM importing/global supply chain
— UK OEM exporters
— Logistics companies

→ Product: 
— Difficult/expensive to ship
— Quality assured/certified
— Niche/customized

→ Volume:
— Low

→ Growth Opportunity:
— Uncertain/fast/time constrained

→ Supply/Logistics:
— Agile/reactive 

Instead of investing in a large-scale 
manufacturing facility, a FIAB provides  
a process-agnostic, multivendor solution 
that’s quickly deployable to any location 
so you can respond to emerging market 
opportunities fast. 

                           “We don’t mind what process goes inside the box.  
                         The whole point is the idea of manufacturing offsite,  
                                                                       maintaining control of that,

and getting all the benefits of Industry 4.0.” 
                          — Hannah Edmonds, Technical Specialist, Digital Engineering at the MTC
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Moderator: 
Sachlene Singh, BUSINESS LINE MANAGER,  

MANUFACTURING AT AUTODESK

Panelists: 
Eric Klein, PARTNER, LEMNOS  

HARDWARE VENTURE CAPITAL FUND

Jory Bell, VP OF PRODUCT DEVELOPMENT,  
PLAYGROUND GLOBAL HARDWARE VENTURE CAPITAL FUND 

Hannah Edmonds, TECHNICAL SPECIALIST,  
DIGITAL ENGINEERING AT  

MANUFACTURING TECHNOLOGY CENTER (MTC)

Small
Business 
Investment/
Size of
Business
Opportunity 
Panel

 → Configurable “factories in a box” lower the technical 
and financial barriers to entry for small companies. 

 → Established microfactories have knowledge  
and underutilized capacity that’s valuable to 
entrepreneurs/inventors. 

 → The industry in general and Industry 4.0 need better 
established flows of data and knowledge to thrive. 

 → Microfactories too small for venture funding can 
benefit from the VC-assisted breakthroughs in 
materials and tools. 

 → New “as a service” business models offer  
on-demand machining, additive, prototyping, etc.

KEY TAKEAWAYS
S. Singh, E. Klein,  

J. Bell, H. Edmonds, 

MICRO
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As earlier discussions had pointed out, the necessary 
technology to allow configurable microfactories to 
flourish has advanced at a faster pace than the proven 
business models for such facilities. So the symposium 
panel for Small Business Investment/Size of Business 
Opportunity brought together prominent members from 
hardware-focused venture funds with Hannah Edmonds 
from the UK’s Manufacturing Technology Center (MTC) to 
explore emerging opportunities for microfactories. 

Edmonds began by explaining how the MTC’s “Factory 
in a Box” (FIAB) turnkey solutions target smaller 
businesses that face challenges in securing large initial 
capital investments. The highly configurable FIABs 
lower technical and financial barriers to launch by 
providing large and varied manufacturing capabilities 
to take a company from prototype to production with a 
comparatively small initial investment. The MTC actively 
seeks out technologies that enable new business models, 
as well as ways a company can integrate its products or 
components with other products or components that are 
made in large factories.

Elaborating on the barriers confronting microfactories, 
Jory Bell of Playground Global talked about the desire 
to plug into the existing large-scale supply chain while 
only being able to commit to producing several thousand 
units. Certain technology can make tooling cheaper, such 
as using additive metal where one would traditionally  
use casting. 

A partner at the Lemnos hardware venture fund, Eric 
Klein added that manufacturing knowledge is balkanized 
because big companies like Apple, where he worked 
previously, fiercely guard their secrets. So while many 
entrepreneurs have vertical expertise around a product 
they’re creating, their lack of overall manufacturing 
knowledge remains a barrier. Unleashing the broader 
manufacturing knowledge that microfactories such 
as FirstBuild or the Toyota Tilt Lab possess would 

help entrepreneurs tremendously. In addition, he called 
it “mission critical” to continue to feed microfactories 
the knowledge of new additive techniques and other 
manufacturing processes that are coming from companies 
such as Autodesk and others that are “inventing the state  
of the art.”

In terms of unleashing knowledge, Edmonds reiterated that 
small companies are more inventors than manufacturers, so 
the MTC helps educate them on the final steps of taking an 
optimized prototype and refining the design for manufacture. 
Their FIAB can also help decrease the time to market for a 
product and allow the entrepreneur to own and continue to 
support their inventions, rather than licensing them to larger 
entities. They can also deploy the FIAB to different countries 
and ensure partner companies that they are Industry 4.0 
ready and provide traceability data about their product.

“You can imagine a kind 
of science-fiction future 
where every street corner 
has some kind of fab unit, 
where you can just go 
and get what you need.” 

—Jory Bell, VP of Product 
Development, Playground Global
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“Small companies are inventors, not manufacturers.  
They think once they have optimized a prototype,  
they’re ready to go, but there’s the other step of  

designing for manufacture. Sometimes that’s a bit  
of a difficult conversation to have, almost like you’re 

calling their baby ugly, in terms of it’s not quite  
there yet. But there’s that psychological journey.”

—Hannah Edmonds, 
Technical Specialist, Digital Engineering at the MTC  

(Manufacturing Technology Center)
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New Business Models and 
Opportunities
Klein commented that technologies around 
Industry 4.0 and generative design still need 
robust data streams to infiltrate the industry over 
the next several years. He’s excited about carbon 
fiber, which is currently a labor-intensive process, 
experiencing a breakthrough within five years, to 
the point that it will provide massive disruption 
to multiple traditional applications by automating 
preform creation. 

Bell added that carbon-based graphene should 
lead to material science breakthroughs in 
structures, batteries, and more. Combined 
with the advances of quantum computing, 
graphene and other materials could transform 
manufacturing sooner than most people expect. 

Helping to bring such materials and technologies 
to market is how VCs will indirectly help 
microfactories thrive, rather than through direct 
funding, because venture funds usually invest in 
businesses with $100,000,000+ annual revenue 
potential at full size, according to Klein. 

To illustrate that point, Bell offered Shaper Origin, 
creator of the first handheld CNC router, and 
Glowforge, maker of a 3D laser printer, as two 
examples of venture-funded companies bringing 
tools to market that could benefit microfactories. 

The panel’s two VCs also pointed to new business 
models that offer everything AAS—“as a service”—
as a way to leverage microfactories’ underused 
capacity. Examples include Fictiv, a “virtual 
manufacturing service” for 3D printing, CNC, 
and more; Plethora, which offers CNC and rapid 
prototyping on demand; and Seriforge which 
automates the creation of carbon-fiber preforms. 

Klein said Lemnos’s robotics companies often 
must decide whether their business is to sell 
their machines, sell the machines’ output, or 
some combination of both. Either way, the field 
of applied robotics is growing and driven by 
data such as the US Bureau of Labor Statistics 
reports on how automatable specific jobs 
are. Wherever there are labor shortages and 
automatable work, there’s an opportunity for 
applied robotics. 

The combination of microfactories and evolving 
machines will also lead to hardware that 
behaves more like software, meaning that 
machines will return to a microfactory for 
upgraded parts and capabilities. That principle 
could trickle down to consumer devices and 
reduce hardware obsolescence. 

Bell went even further and described how 
a convergence of next-generation additive 
manufacturing, generative design, and flexible 
robotics and automation could not only reduce 
cost and waste for manufacturers, but also 
minimize environmental impact.

“You could make a variety of things without 
any wasted material and do it close to the 
consumers so you can eliminate transportation 
and the requirement to warehouse things that 
people may not want, that are going to end 
up in a landfill,” he said. “You can imagine a 
science-fiction future where every street corner 
has a fab unit, where you can just go and get 
what you need.” S. Singh, E. Klein,  

J. Bell, H. Edmonds, 
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For the Symposium’s second brainstorming and group 
synthesis breakout session, small groups zeroed in on 
topics related to the theme of Micro: Pilot for Process,  
Size of Business Opportunity, and Investment to Launch. 

Independent of each other, multiple groups arrived at 
similar ideas and conclusions. These involved the potential 
business model of microfactories as a service and the 
concept of multiple microfactories networked together  
in some degree of cooperation.

 → Pilot microfactories could succeed or 
fail based on their abilities to scale, 
to provide training to their larger 
corporations, and to share knowledge.

 → Companies that don’t innovate  
through pilots are doomed to  
stagnate, but they need to see failure as 
a learning opportunity.

 → Microfactories still need a framework 
for development and business models in 
which they can thrive.

 → There is potential for microfactories  
to operate as a service, leveraging  
both their human manufacturing 
expertise and their space for co-working 
and collaboration.

KEY TAKEAWAYS

MICROBreakout Session
on Pilot for Process,  
Size of Business Opportunity,  
and Investment to Launch

MICRO
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Pilot for Process 
When looking at microfactories that corporations 
use as pilots to prove out processes, the 
first group wondered how a number of such 
microfactories could be networked together  
and what that could mean for their business 
value to the parent companies. Factors that 
determine their success or failure could include 
their ability to scale, their usefulness as training 
grounds for the larger corporations, or the  
advent of transformative technologies, such as  
a graphene material. Ultimately the group asked 
if a networked group of pilot microfactories could 
share their knowledge in some open format, even 
if that meant removing the concept of corporate 
intellectual property.

The members of a second group were all at 
different stages of the microfactory pilot process 
and called it a journey of discovering how to 
measure success. They agreed that companies 
that don’t innovate through pilots were doomed 
to stagnate, but they were still searching for how 
to best prove themselves and change the mind-
sets within their larger organizations in order to 
sustain their projects. Certain bad processes were 
holding them back, such as forcing ideas through 
three years of development. That led to their 
critical question: How to ensure that the critical 
10 percent of decision makers have the right 
mind-set that failure is good, and to fail fast and 
fail often, as opposed to the traditional mind-set 
that any failure means ending the experiment?

Participants in the third pilot for process group 
launched the bold statement that a microfactory 
should be reconfigurable to cover three 
encompassing cases: 1) a pilot trying to validate 
a manufacturing process, 2) a pilot trying to 
validate the volume potential when the process 
is known, and 3) a start-up business where 
neither the process nor the necessary volume is 
known. However, right now the ecosystem around 
microfactory development is not clear enough.
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Size of Business Opportunity
The lone group exploring Size of Business 
Opportunity in the microfactory concluded that 
the tech is here, but the business model isn’t. 
The existing supply chain currently isn’t friendly 
to the microfactory, so they asked what are the 
business models that would allow a configurable 
microfactory to thrive? Perhaps community 
colleges could contribute to finding that out and 
help launch new businesses. Education itself 
could become a microfactory. Another critical 
question: how much tension would there be 
between consumers and brands in an age of 
infinite customization?

Investment to Launch
Both groups discussing Investment to  
Launch arrived at the idea of the microfactory  
as a service. 

The first group stated that the future of making 
things would be driven by groups of networked 
microfactories providing services and co-working 
spaces for collaboration. In the short term, we 
should pinpoint the technologies most likely 
to reduce the investment required to launch 
products. Longer-term questions include how 
to decide when to invest in capital-intensive 
automation (in other words, when do we bring the 
robots in?) and how to manage quality control in 
a massively distributed manufacturing operation?

The second group identified microfactories 
as a service along with their accompanying 
manufacturing expertise as a service. Their critical 
question was: how to attract a collaborative 
network of resources to spread out the 
investment to launch. This could entail creating a 
partnership ecosystem or finding ways to spread 
the investment load all the way down to the city 
or community level. The investment should be 
considered a much broader cost, rather than X 
amount of dollars for such and such machine. 

MICRO
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“The tech is here;  
 the business model isn’t.” 

— Factory Breakout Session group on Size of Business Opportunity 

“Companies that don’t  
pilot and don’t innovate  
through pilots are  
doomed to stagnate.” 

— Factory Breakout Session group on Pilot for Process
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Keynote Speaker: 
Radha Mistry, STRATEGY AND RESEARCH, 

EMERGING TECHNOLOGIES, AUTODESK 

Guest Presenter: 
Ryan Kelly, DIRECTOR OF PRODUCT STRATEGY, 

MAKETIME

Nick Pinkston, FOUNDER AND CEO, PLETHORA

Tom Jones, LEAD SOLUTIONS ARCHITECT, 
AMAZON WEB SERVICES

KEY TAKEAWAYS

 → A culture focused on business as usual along with lack 
of investment in emerging technologies since 2008 
has put small US manufacturers behind in adopting 
Industry 4.0. 

 → Faster training methods and millennial outreach are 
needed to send qualified candidates to the available 
manufacturing jobs.

 → New AI techniques could automate the transfer  
of machining knowledge from an older to a 
younger generation.

 → Further automation and better business models will 
materialize when microfactories find profitable areas  
of specialization.

Network 
Manufacturing/ 
Automation 
Panel
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Network 
Manufacturing/ 
Automation 
Panel

Before the Configurable panel discussion on Network 
Manufacturing/Automation, the participants presented 
their companies and how they fit into the configurable 
manufacturing space. 

MakeTime
Director of Product Strategy, Ryan Kelly described Lexington, Kentucky’s 
MakeTime as “something of a combination between an Uber and a Match.com, 
particularly for job shops.” MakeTime works with over 1,000 machine  
shops in the US. By understanding the shops’ available capabilities and 
expertise, MakeTime is able to connect them with customers who need 
machined components.

Kelly put forth that rather than encourage every microfactory to reach peak 
configurability—which would produce diminishing returns at some point—he 
would rather create a decentralized network of highly specialized shops that  
cater to highly particular needs. That network would connect decentralized 
supply with decentralized demand and be more configurable in aggregate 
than any one shop could be. 

Plethora 
The San Francisco-based, on-demand CNC machining company, Plethora, 
specializes in rapid turnaround for custom prototypes and end-production 
parts for its online customers using highly automated processes. Founder  
and CEO Nick Pinkston aspires to eventually make parts faster than they  
can be designed.

Plethora’s online software system can analyze the manufacturability of a part 
automatically from the customer’s CAD file. Its software is directly connected 
to factory capacity, down to individual drill bits, so the system can generate an 
ETA and pricing for the customer. Then, just as a machinist would, the software 
outlines the necessary machines, tooling, programming, and so forth, and 
generates the required G-code without human involvement. In-house quality 
control systems proof the proposal and later inspect the part before shipment.

“We do one thing,” Pinkston said. “We do machining, and we went super deep. 
We’ve doubled down on efficiency to make something extremely quickly, but 
we cannot make as many things as others.”

“I think that’s what’s after 
Industry 4.0, it’s really  

our ability to say, ‘Factory, 
make this a thing,’ and  
it just optimizes itself.” 

— Nick Pinkston, Founder and CEO, Plethora

R. Kelly
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All of Plethora’s automation is built for speed, but the company 
still has about 80 employees, mostly in production and 
software. “Automation is very labor intensive,” Pinkston said. 

“Once you set it up, it’s automated, but that set up is extremely 
labor intensive. You change one little thing and it propagates 
through the whole line.”

Amazon Web Services
As a Lead Solutions Architect for Amazon Web Services (AWS), 
Tom Jones’s job is to sift through the more than 125 services 
on AWS for how they can help the makers and users of 
industrial software: CAD, CAM, simulation, production design, 
factory design, and other applications. Jones called AWS 

“building blocks” for whatever solutions you want: networking, 
computing, storage, database, security, cloud, analytics, AI, 
machine learning, IOT, developer tools, and so on. Autodesk 
A360 and Forge, for example, are built atop the AWS cloud.

AWS has now additionally integrated hardware into their 
software offerings, through which AI could serve factory 
workspaces. The AI-infused Deep Lens camera could, for 
example, generate audible alerts when it sees people on the 
factory floor who are not wearing safety glasses. The Alexa 
voice assistant could integrate into automated machine 
operation instructions. Generated heat maps could identify 
the hot spots and bottlenecks on a factory floor. And machine 
learning analytics applied to products could quantify their 
characteristics to better sell the product’s function as a service. 

 “I think manufacturing should look a lot more like  
a push-button, on-demand system where I say,  
 ‘Here’s what I want. Just give it to me right now.’  
 Engineers just want to have super powers of  
creation, right?” 

— Nick Pinkston, Founder and CEO, Plethora

Panel
Moderator Radha Mistry of Autodesk, an emerging 
technologies strategist, asked the panelists about the biggest 
missing pieces keeping smaller factories from implementing 
Industry 4.0 and moving towards even greater visions of the 
future of manufacturing. Pinkston and Kelly agreed that a 
status-quo culture is a big problem; people are resistant 
to changing the way things have always been done. That, 
combined with a pervasive lack of investment in technological 
innovation within factories since the Great Recession a 
decade ago, mean that small manufacturers aren’t just falling 
behind, they already are behind. 

“There are about 20,000 machine shops in the US,” Kelly said. 
“2,000 are closing every year because they are not staying 
abreast with what it takes to be in business in 2018.”

Unfortunately, if the machine shops aren’t buying into IOT, 
the OEMs in turn are less likely to offer it. It doesn’t help that 
manufacturing on the whole operates on low margins with 
little cash on hand. 

On a positive note, almost every machine shop in the 
MakeTime network has multiple openings for good-paying, 
creative jobs. There is, however, the dual caveat of both 
a lack of qualified candidates and a lack of interest in 
manufacturing jobs from millennials, who largely have been 
steered away from working with their hands. 

CONFIGURABLE
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The panelists all agreed that there should be 
some type of concerted effort or network for 
generating interest in the trades to overcome 
both the cultural stigma and general lack of 
awareness around machining jobs—unless 
machining is in one’s family heritage—as in 
Pinkston’s case.

On top of that, Pinkston called for manufacturing 
hardware and software “bootcamps” to quickly 
educate people and prepare them for all of the 
unfilled positions. Apprenticeships and traditional 
degree programs are either too time consuming, 
too expensive for employers to cover, unreliable, 
or some combination thereof.

Jones suggested that through new technology 
there could be a distributed transfer of knowledge 
from the retiring generation to younger machinists. 
To that end, Pinkston referenced a Stanford 
University AI research initiative that is scanning 
videos of people playing piano and using them to 
generate instructional content; a future version  
of which could be used to teach manufacturing 
jobs based on factory floor recordings.

Mistry then steered the discussion from  
workforce reskilling back to the idea of 
automating automation itself. Pinkston thinks 
there’s a whole new class of software that 
has yet to be invented, which will break down 
manufacturing processes into their fundamental 
physics and achieve greater automation. 

One factor slowing the adoption of increased 
automation is whether a company can justify 
the engineering cost to implement it. A possible 
way for start-ups in digital manufacturing to 
increase their margins would be to identify a single 
manufacturing process that hasn’t been automated 
to the nth degree and to seek narrow specialization 
in that area. Pinkston said he knows of only a few 
manufacturing processes being automated at other 
companies to the level that Plethora does. 

Whether it’s a focus on automation or a focus on 
a niche market, Kelly agreed that specialization, 
especially in high-growth markets, can be a key 
to creating ecosystems of supply chains and 
funding sources. As an example, he mentioned 
more than one MakeTime customer in the business 
of marijuana-harvesting equipment that has 
scaled up its production 10x in less than two years. 
Tapping into a niche that you know well can make 
certain aspects of production that were previously 
extremely challenging—sourcing customers, funding, 
suppliers, and expertise—suddenly open-up, into  
a whole new range of possibilities. 

“I want to toss the idea of configurable microfactories  
on its head. Could we just take ‘micro’ out altogether  

and say it’s really about connecting needs? That would  
actually provide the most amount of configuration.” 

— Ryan Kelly, Director of Product Stategy, MakeTime
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Moderator: 
Duleesha Kulasooriya, HEAD OF STRATEGY  

AND RESEARCH, DELOITTE CENTER FOR THE EDGE 

Panelists: 
Charles Cook, DIRECTOR OF ENGINEERING  

AT THE STARBUCKS TRYER INNOVATION CENTER

Randy Reeves, DIRECTOR OF  
MANUFACTURING OPERATIONS, FIRSTBUILD

Peter Corby, INDUSTRIAL PARTNERSHIP MANAGER AT 
THE MTC (MANUFACTURING TECHNOLOGY CENTER)

Variation  
of Product / 
Reconfigurable 
Production Line 
Panel

 → Configurability applies to machinery at the level  
of the individual machine, a line process, and  
an entire factory floor. 

 → Configurability applies to human beings at the level 
of the individual person, teams, and ecosystems of 
cooperating organizations.

 → A mobile factory in a box lets businesses configure 
their location.

 → The seeds of larger configurable ecosystems are being 
planted with distributed manufacturing services.

KEY TAKEAWAYS
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Duleesha Kulasooriya was back again to 
moderate the panel on configurability of 
product and production. To begin, he couched 
configurability as applying to both machines and 
people on three levels. There is configurability of 
a single machine, configurability of each line of 
process, and configurability of the entire factory 
floor. In human terms, a reconfigurable person 
has the broad characteristics to be able to learn 
and relearn new skills meaning teams of people 
would also be reconfigurable, and finally, whole 
ecosystems of different organizations working 
together become reconfigurable as well. 

The panelists described how configurability 
applied to their current roles. Charles Cook 
had just taken the director of engineering 
position at Starbucks’s new Tryer Innovation 
Center, which he said is similar to FirstBuild 
as a pilot-for-process center. Most of 
Starbucks’s configurability is on the human side, 
operationalizing the teams of employees at each 
store to best use the physical spaces available, to 
handle the different product mixes that prevail 
according to geographical region, and to cope 
with the varying demand cycles that occur at 
different times of day. 

Peter Corby, industrial partnership manager at the 
MTC in Coventry, UK, said that the MTC’s Factory 
in a Box (FIAB) model offers configurability of 
location as well as volume. Freedom of location 
allows businesses to move their FIAB closer to 
the supply chain or to customers for its services. 
Regarding variation of product, once you know 
your product and customer well, you should 
make your manufacturing capability as future-
compatible as possible, and the reconfigurability 
of the FIAB can help. 

At the FirstBuild microfactory in Kentucky, the 
machines are somewhat configurable, while 
the people, process, and floor space are all 
very configurable. Every month, Randy Reeves 

rearranges the entire microfactory to produce 
the next product, which he knows will be a home 
appliance that will usually fit within a specific 
box size. 

“I’ve yet to see in my 30 years an infinitely 
configurable microfactory,” Reeves said. 
However, he added that within FirstBuild’s 
specific boundaries of human capital, the 
requirements of making home appliance, and 
a strict set of process instructions, it is very 
adaptable. FirstBuild has a production floor  
with multi-process, multi-capable equipment. 

That said, for the occasional processes  
FirstBuild can’t do, Reeves won’t invest $10,000 
on a machine until he knows there’s a market  
for the product that requires equipment. Instead, 
he goes to MakeTime, also in Kentucky, to match 
FirstBuild with a service provider for that job. 
And, if FirstBuild has unused capacity, Reeves 
will sell that back through MakeTime, as well. 

Variation  
of Product / 
Reconfigurable 
Production Line 
Panel

“There’s a [Starbucks] store on Wall Street 
designed for the morning peak. You order 
as you come in the door, and then you 
pay when you get up to the counter so we 
can start production before you’ve paid. 
If everything is working right, you never 
stop walking. It’s almost like a drive-
through on foot.” 

—Charles Cook, Director of Engineering at the Starbucks 
Tryer Innovation Center
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Such relationships hint at the potential for 
building larger distributed-manufacturing 
ecosystems, which Kulasooriya says can and 
should be configurable. 

Cook believes that the Starbucks Tryer  
Innovation Center should start to build that  
kind of community. His group will focus on 
bringing new processes or technology to 
Starbucks stores, but he doesn’t want to  
spend money on tooling, a plasma cutter, and  
so forth until he’s sure the Center really needs  
it. The Center is also in the opening stages of 
bringing IOT to all of the retail stores’ equipment 
to drive firmware and recipe updates. 

The panel closed with the sentiment that the  
link between educational institutions and 
industry employers needs to strengthen to 
deliver the kinds of workers that employers need. 
However, there’s still a cart-and-horse debate 
about whether the industry is responsible for 
helping educators understand what they need or 
if learning institutions are responsible for that 
independently.
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Breakout 
Session
on Networked MFG/Automation, 
Variation of Product, 
Reconfigurable Production Line
This breakout session shared many themes on the  
general discourse around configurable manufacturing: 
Networked MFG/Automation, Variation of Product,  
and the Reconfigurable Production Line. 

Three of the five breakout groups chose to cover  
Networked MFG/Automation. They all agreed that  
the formation of such networks would be a huge  
challenge but came to much different conclusions.

N

 → If networks of automated microfactories 
can be formed successfully, they could 
answer big questions faster, replace 
large companies, and produce huge 
opportunities in collaborative robotics.

 → Eventually, machines will reconfigure 
themselves so that variation is fully 
digitized and automated.

 → You need to understand the scope of 
your business to be successful with 
reconfigurable product lines.

KEY TAKEAWAYS
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Networked MFG/Automation
The first group considered that establishing a 
network of microfactories working together would 
require a number of things to be standardized 
across all members of the network: security, 
logistics, culture change, and incentives. In other 
words, it would have to be worthwhile for each 
participant to share their data with one other. The 
reason to use a network of manufacturers would 
be to connect all stakeholders with the pooled 
information to make optimal decisions, faster. So 
the big question was: how to develop a business 
model for such a network, change the existing 
culture, and show clear value for all members? 

The second group agreed that it will be very 
hard to build the right ecosystems of human 
capital, technology, financial capital, and risk 

Variation of Product
The group on this topic spent a lot of time 
discussing the difficulty of configuring a family 
of products or a modular system of products, 
considering the requirements for success. 
Thinking further down the line, they stated that 
eventually, machines will reconfigure themselves 
so that variation is fully digitized and automated. 
The big question behind that was: how do we 
algorithmically describe a factory’s ability  
to vary?

Reconfigurable Production Line
This breakout group focused on quality and scope 
as each pertains to reconfigurable production 
lines. They looked at reconfigurability in a very 
practical way. If your goal is quality, does having 
a reconfigurable production line help you to 
produce high-quality goods at the scale of a big 
manufacturer, or will you have to sacrifice quality 
in order to make whatever you want? That led  
to the bold statement that to succeed in this 
space of reconfigurable production lines, you 
have to know your scope. You can build whatever 
you want, but you should know who you’re 
building for and why you’re building it for the 
reconfigurability aspect of your line to  
be meaningful.

sharing. However, if that can be done, the 
bold assertion is that networks of automated 
manufacturing could replace large companies 
for many manufacturing purposes. A critical 
question that arose was: how might we tackle 
the problems of quality control and security 
that will multiply across complicated networks 
as opposed to centralized, large companies?

The third group on this topic began with 
the common question of: how do we come 
up with the platforms required to generate 
networked manufacturing systems? They 
zeroed in on collaborative robotics—including 
AI and machine learning—as being the largest 
opportunity in manufacturing. However, that 
led them to their big overarching question: 
how do humans and automation processes 
work together to produce better outcomes than 
either could produce independently?

“ Machines will 
reconfigure 
themselves so that 
the variation is 
fully digitized and 
automated.” 

— Nick Pinkston, Founder and  
CEO, Plethora
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“You can do whatever you want and 
you can build whatever you want, 
but if you don’t know who you’re 
building for or why you’re building 
it, why does it matter?” 

—  Configurable Breakout Session group 
on Reconfigurable Production Lines, 
Carlo Cruz speaking
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“Collaborative robotics, and that includes things 
like AI and machine learning, is the largest 
opportunity in manufacturing.”

             “We’re moving toward a world where 
networks of automated manufacturing will
replace large companies to a large extent.”

— Configurable Breakout Session group 
on Networked MFG/Automation, 
John Tierney speaking

— Configurable Breakout Session group  
   on Networked MFG/Automation, 

Marco Annunziata speaking
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